
Hypertension Research
https://doi.org/10.1038/s41440-025-02144-9

REVIEW ARTICLE

Dietary supplements and prevention of preeclampsia

Takafumi Ushida1,2 ● Sho Tano1,2
● Seiko Matsuo1,2

● Kazuya Fuma1,2 ● Kenji Imai1,2 ● Hiroaki Kajiyama1 ●

Tomomi Kotani1,2

Received: 3 September 2024 / Revised: 8 January 2025 / Accepted: 24 January 2025
© The Author(s) 2025. This article is published with open access

Abstract
Preeclampsia (PE) is a common pregnancy complication characterized by hypertension, proteinuria, and end-organ
dysfunction. However, to date, no effective treatment has been established other than iatrogenic delivery, and the importance
of prevention as an alternative approach to addressing PE has been emphasized. There is growing evidence on the
effectiveness of pharmacological and non-pharmacological prophylaxis in preventing PE. In this review, we focused on
dietary supplements as non-pharmacological prophylaxis for PE. Calcium is a well-documented supplement for the
prevention of PE. Daily 500 mg calcium supplementation can roughly halve the risk of PE in settings where calcium intake
is low, including in Japan. According to recent systematic reviews and network meta-analyses, current evidence on the
efficacy of vitamin D supplementation is inconsistent. Although vitamin D is a candidate for the prevention of PE, future
large-scale randomized control trials are necessary to draw definitive conclusions. We also reviewed other dietary
supplements, including vitamins (vitamins A, B6, C, and E, folic acid, and multivitamins), minerals (magnesium, zinc, and
iron), amino acids (l-arginine and l-carnitine), anti-oxidants (lycopene, resveratrol, and astaxanthin), and other agents
(omega-3 fatty acids, coenzyme Q10, melatonin, and s-equol). In this study, we provide a comprehensive approach to help
develop better preventive strategies and ultimately reduce the burden of PE.
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Introduction

Preeclampsia (PE) is a pregnancy complication character-
ized by new-onset hypertension, proteinuria, and various
end-organ dysfunctions, including the liver, brain, lung, and
utero-placenta [1, 2]. Advanced maternal age, pre-
pregnancy obesity, assisted reproductive technologies, and
pre-existing conditions such as chronic hypertension and
diabetes mellitus are among the primary risk factors asso-
ciated with PE [1]. Although the global prevalence of PE
has remained relatively stable in recent years, the reported
trends vary according to geographic region [3, 4]. PE affects

approximately 2.0% of pregnancies in Japan, posing sig-
nificant risks to maternal and neonatal morbidity and mor-
tality; additionally, it contributes to preterm births and fetal
growth restrictions, affecting neonatal long-term adverse
consequences [5–7]. Therefore, PE is a major global health
issue that requires comprehensive strategies to improve
maternal and neonatal health outcomes [8]. Currently, no
effective treatment other than iatrogenic delivery has been
established, despite constant efforts to develop new thera-
pies and investigate the underlying mechanisms of PE. In
these circumstances, the importance of prevention has been
emphasized as an alternative approach to addressing PE.

Preventing PE is essential for global health from the
perspective of better maternal and neonatal health out-
comes, economic benefits, and reduced healthcare burden
[8]. Effective programs for the prevention of PE, especially
in low- and middle-income countries, can help bridge the
global health gap and promote health equity by ensuring
that all women have access to the necessary care. To date,
the dedicated efforts of many researchers and healthcare
professionals to investigate effective prophylactic treat-
ments for PE have provided substantial evidence [1, 2, 9].
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There are two main approaches to PE prevention: the first is
lifestyle modifications and improvement of modifiable risk
factors, and the second is pharmacological (e.g., low-dose
aspirin) and non-pharmacological prophylaxes, including
dietary supplements.

Dietary supplements, also known as nutritional or food
supplements, are products intended to add nutritional value
to the diet [10, 11]. Supplements can provide nutrients,
either extracted from food sources or synthetically, indivi-
dually or in combination, to increase nutrient intake. Sup-
plements play a significant role in disease prevention
by filling nutritional gaps, optimizing physiological func-
tions, and improving innate immune responses. Supple-
ments are particularly important during pregnancy from the
standpoint of satisfying nutritional gaps attributable to
physiologically increased nutritional needs during preg-
nancy, preventing birth defects, supporting fetal develop-
ment, improving maternal health, and reducing pregnancy
complications [12].

The hypothesis that PE can be prevented through nutri-
tional supplementation originates from the understanding
that nutritional status significantly influences perinatal out-
comes [12]. This hypothesis is based on the idea that PE
involves endothelial dysfunction, oxidative stress, and pla-
cental insufficiency, therefore dietary supplements, parti-
cularly those with anti-oxidant properties, may help
counteract these issues [13]. Furthermore, epidemiological

observations have suggested that several nutrients and
dietary factors, including calcium and vitamin D, are
involved in the risk of PE [14, 15]. Thus, the basis for the
hypothesis about dietary supplements as a preventive
measure for PE is the underlying pathophysiology of the
disease, observational data suggesting an association
between nutrient intake and reduced risk, and clinical data
indicating potential benefits of supplementation.

The growing global emphasis on preconception care
reflects its critical role in optimizing maternal and child
health outcomes. In Japan, the approval of the Basic
Policy on Child and Maternal Health and Child Devel-
opment by the Cabinet in 2021 underscored the impor-
tance of this concept, with a particular focus on preventing
and mitigating the risks of pregnancy complications,
including PE [16]. Considering the current nutritional
status of Japanese women, we reviewed systematic
reviews and meta-analyses to evaluate the efficacy of
various dietary supplements, including vitamins (vitamins
A, B6, C, D, and E, folic acid, and multivitamins),
minerals (calcium, magnesium, zinc, and iron), amino
acids (l-arginine and l-carnitine), anti-oxidants (lycopene,
resveratrol, and astaxanthin), and other agents (omega-3
fatty acid, coenzyme Q10, melatonin, and s-equol), in
preventing PE during pregnancy. By providing a com-
prehensive perspective based on the concept of pre-
conception care, we aim to inform the development of
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more effective preventive strategies and contribute to
reducing the burden of PE in Japan.

Dietary supplements in Japan

Dietary supplements are products intended to supplement a
diet and provide nutrients that may not be consumed in
sufficient quantities through food [12]. These include vita-
mins, minerals, amino acids, enzymes, and anti-oxidants. In
many countries, supplements are regulated as food (e.g.,
non-pharmacological agents) rather than as drugs. Dietary
supplements differ from pharmacological agents that are
generally regulated as medications and require clinical trials
to demonstrate their efficacy and safety for specific pre-
ventive uses. In Japan, dietary supplements are classified as
“health foods” and further divided into Foods with Health
Claims and other health foods [17]. Foods with Health
Claims are legally permitted to display specific health
functions, whereas other health foods are included in gen-
eral food categories and cannot promote such functions.
Foods with Health Claims include Foods for Specified
Health Uses (FOSHU), Foods with Nutrient Function
Claims (FNFC), and Foods with Function Claims (FFC).
FOSHU undergoes government approval, whereas FNFC
and FFC rely on self-certification or manufacturer respon-
sibility. Unlike pharmaceuticals, health foods are intended
for healthy individuals, not patients, and lack uniform
quality. Regulatory measures, such as the Food Sanitation
Act and Good Manufacturing Practices, ensure safety, but
challenges persist [17]. The issues include inconsistent
quality, underreported adverse events, and consumer mis-
conceptions, such as equating supplements with medica-
tions. Strengthening reporting systems, improving public
awareness, and stricter quality control are necessary to
address these concerns and ensure consumer safety.

Indices for dietary reference intakes

According to the dietary reference values and daily intake
values for the Japanese population provided by the Ministry
of Health, Labor, and Welfare on 2020 and the National
Health and Nutrition Survey in Japan on 2019, the recom-
mended dietary allowance (or adequate intake), tolerable
upper intake level, and average daily intake value of each
nutrient are shown in the Tables 1, 2 [18, 19]. The
recommended dietary allowance refers to the level of
average daily dietary intake sufficient to meet the nutrient
requirements of nearly all (97–98%) healthy individuals in a
specific age and sex group. Adequate intake is the recom-
mended value when there is insufficient scientific evidence
to establish a recommended dietary allowance. Adequate

intake is established at a level assumed to ensure nutritional
adequacy. Tolerable upper intake level is the maximum
daily intake of a nutrient that is unlikely to cause adverse
health effects in most individuals of a specific age and sex
group. The tolerable upper intake level is not intended to be
the recommended level of intake but rather a threshold to
avoid exceeding. Figure 1 shows a graphic representation of
the recommended indices for reference dietary intake. The
average daily intake was estimated by investigating the food
intake based on the National Health and Nutrition Survey
[19]. Tentative Dietary Goal for Preventing Lifestyle-
Related Diseases (DG) represents the target intake of
nutrients (e.g., sodium, saturated fatty acids, and dietary
fiber) aimed at maintaining health and contributing to the
prevention of lifestyle-related diseases by keeping intake
within a certain range [18]. The estimated shortage (%) is
given by the formula [1 − (average daily intake/recom-
mended dietary allowance or adequate intake or DG)] ×
100.

Diets of women of reproductive age and
pregnant women in Japan

The diets of Japanese women of reproductive age, as well as
pregnant women, are characterized by common issues such
as inadequate energy intake and specific nutrient defi-
ciencies [20, 21]. For women in their 20 s and 40 s with
level II physical activity, the average daily energy intake is
approximately 1600–1700 kcal, which is significantly short
of the recommended 2000–2050 kcal [18, 19]. The median
daily intake values during pregnancy in Japan (Table 2)
were based on the report by Eshak et al. [22]. Pregnant
women also consume approximately 1600–1700 kcal
per day, which is significantly below the recommended
range of 2050–2500 kcal [22, 23]. According to the 2020
National Health and Nutrition Survey, the average daily salt
intake (sodium chloride equivalent) for women in their 20 s
and 30 s is approximately 8.3–8.9 g (Table 2), and pregnant
women consume a similar or lower amount. This far
exceeds both the WHO recommendation of <5 g per day
and Japanese Ministry of Health, Labor and Welfare’s limit
of <6.5 g per day [18, 24]. Key nutrients, such as calcium,
iron, and vitamin D, are also consumed at inadequate levels
in women aged 20–29 years, with an estimated shortage of
37–46% below recommended values (Table 2). These
inadequacies can increase the risk of osteoporosis, anemia,
and impaired fetal development. Furthermore, not only
nutrient deficiencies but also general nutritional imbalances
can contribute to increase the risk of PE and other
pregnancy-related complications. Therefore, comprehensive
dietary guidance and appropriate supplementation are
essential to promote maternal and fetal health.

Dietary supplements and prevention of preeclampsia



Dietary supplements

Vitamins

Vitamin A

Although vitamin A plays an important role during preg-
nancy, contributing to fetal development, including that of
the heart, kidneys, lungs, eyes, and skeleton [25], excessive
intake of vitamin A increases fetal morphological abnorm-
alities because vitamin A, a fat-soluble vitamin, tends to
accumulate in the body. Vitamin A has anti-oxidant prop-
erties primarily owing to the action of carotenoids, parti-
cularly beta-carotene, which is a precursor of vitamin A. Liu
et al. demonstrated a negative correlation between vitamin
A intake, evaluated using the semi-quantitative Food Fre-
quency Questionnaire [26], and the risk of PE (adjusted
odds ratio [OR]: 0.62, 95% confidence interval [CI]:
0.40–0.96, p trend = 0.02) [27]. However, to date, no
randomized controlled trials (RCTs) have evaluated the
efficacy of vitamin A supplementation in the prevention of
PE. Currently, routine vitamin A supplementation is not
recommended to prevent PE.

Vitamin B6

Vitamin B6, also known as pyridoxine, is important for the
development of the fetal brain and nervous system [28].
Vitamin B6 aids in the biosynthesis of neurotransmitters
and contributes to the synthesis of sphingolipids, which are
key components of the myelin sheath that support neuro-
plasticity, brain communication, and function [29]. A
review by Cochrane in 2015 did not show a significant
association between antenatal oral vitamin B6 intake and
prevention of PE (risk ratio [RR]: 1.71, 0.85–3.45) (2 stu-
dies, n= 1,197, low quality evidence) [28]. These data do
not support routine vitamin B6 supplementation for the
prevention of PE.

Vitamin C

Vitamin C, also known as ascorbic acid, plays an important
role in the synthesis of collagen (a vital component of
connective tissues), anti-oxidant protection, immune system
support, tissue repair, and iron absorption [30]. According
to a Cochrane review in 2015, there is no clear evidence that
vitamin C, whether taken alone or in combination with

Table 1 Daily reference value
for each nutrient based on the
dietary reference intake for
Japanese published in 2020

18–29 years 30–49 years During pregnancy During
lactation

RDA/
AI/DG

UL RDA/
AI/DG

UL 1st trimester 2nd
trimester

3rd
trimester

Energy (kcal)*1 2000 2050 +50 +250 +450 +350

Protein (g) 50 50 +0 +5 +25 +20

Dietary fats (%
energy)

20–30 20–30 +0 +0

Carbohydrates (%
energy)

50–65 50–65 +0 +0

Dietary fiber (g) ≥18 ≥18 +0 +0

Vitamin A (μg
RAE)

650 2700 700 2700 +0 +0 +80 +450

Vitamin B6 (mg) 1.1 45 1.1 45 +0.2 +0.3

Vitamin C (mg) 100 100 +10 +45

Vitamin D (μg) 8.5 100 8.5 100 +0 +0

Vitamin E (mg) 5.0 650 5.5 700 6.5 7.0

Folate (μg) 240 900 240 1000 +240 +100

Sodium (g)*2 <6.5 <6.5 +0 +0

Calcium (mg) 650 2500 650 2500 +0 +0

Magnesium (mg) 270 290 +40 +0

Zinc (mg) 8 35 8 35 +2 +4

Iron (mg) 10.5 40 10.5 40 9.0 16 16 9.0

Omega-3 fatty acid
(g)

1.6 1.6 +0 +0.2

RDA recommended dietary allowance, AI adequate intake, DG tentative dietary goal for preventing lifestyle
related diseases, UL tolerable upper intake level, μg RAE, μg retinol activity equivalents. *1 estimated
energy requirement for women with physical activity level II. *2 sodium chloride equivalent
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other vitamins, reduces the risk of PE (RR: 0.92, 0.80–1.05)
(16 studies, n= 21,956, high-quality evidence) [31].
Among the 16 studies evaluated, a multicenter RCT pub-
lished in 2006 for nulliparous women in the second trime-
ster showed that daily supplementation with 1000 mg of
vitamin C and 400 IU of vitamin E did not reduce the risk of
PE (RR: 1.20, 0.82–1.75) [32]. Existing evidence does not
currently support the routine use of vitamin C supplements
for the prevention of PE.

Vitamin D

Vitamin D plays an important role for both mothers and
developing fetuses in maintaining proper levels of calcium

and phosphorus through absorption in the intestine and
liver, thus, promoting bone health [33]. Recently, vitamin D
has also been reported to enhance immunity, improve
endothelial function, and prevent lifestyle-related diseases
and depression [34, 35]. Nema et al. found that vitamin D
supplementation enhances angiogenic factors in PE: vitamin
D increases the levels of vascular endothelial growth factor
and placental growth factor [36]. Furthermore, vitamin D
supplementation reduces blood pressure and proteinuria in
several types of animal models of PE by improving pla-
cental vascular endothelial function and normalizing
angiogenic imbalance [37–39]. Based on these clinical and
preclinical studies, vitamin D supplementation has been
hypothesized to contribute to the prevention of PE.

Vitamin D is a fat-soluble vitamin that can accumulate
in the body with excessive intake, raising concerns
about possible adverse effects on the fetus. However, no
clear evidence of a direct association between vitamin
D overconsumption and fetal malformations is available
[40, 41]. Generally, a daily intake of up to 100 μg
(=4,000 IU) is considered safe during pregnancy [41].
Given that the recommended daily intake of vitamin D
during pregnancy ranges from 15 to 100 μg, the risk of
adverse health effects on pregnant women or their fetuses
due to the accumulation of vitamin D is considered mini-
mal. In Japan, the average daily vitamin D intake for
women aged 20–49 years is 4.6–5.3 μg, which is

Table 2 Daily intake value and shortage for each nutrient based on the National Health and Nutrition Survey in Japan published in 2019

20–29 years 30–39 years 40–49 years During pregnancy*1 Shortage*2

mean ± SD median mean ± SD median mean ± SD median median (IQR) %

Energy (kcal) 1600 ± 445 1567 1673 ± 475 1642 1729 ± 457 1714 1620 (1311–2015) 20.0

Protein (g) 61.1 ± 18.4 60.6 61.6 ± 20.3 59.9 65.9 ± 21.0 64 13.5 (12.2–14.8) -

Dietary fats (% energy) 30.9 ± 8.2 29.9 31.1 ± 8.1 30.3 30.3 ± 7.4 30.6 29.8 (25.6–34.1) -

Carbohydrates (% energy) 53.6 ± 8.9 54.2 54.0 ± 9.4 54.7 54.4 ± 8.4 54.5 55.3 (50.2–60.3) 6.8

Dietary fiber (g) 14.6 ± 5.7 14 15.9 ± 6.3 15.2 16.0 ± 5.5 15.5 9.6 (7.1–12.9) 18.9

Vitamin A (μg RAE) 447 ± 878 292 409 ± 288 337 458 ± 644 341 404 (265–631) 31.2

Vitamin B6 (mg) 0.91 ± 0.38 0.87 0.96 ± 0.41 0.91 1.01 ± 0.41 0.95 0.93 (0.71–1.22) 17.3

Vitamin C (mg) 62 ± 48 51 65 ± 44 56 74 ± 50 64 74 (48–109) 38.0

Vitamin D (μg) 4.6 ± 5.9 2.3 4.9 ± 8.1 2.3 5.3 ± 6.7 2.4 3.9 (2.3–6.1) 45.9

Vitamin E (mg) 5.4 ± 2.8 5 6.1 ± 3.2 5.5 6 ± 2.8 5.6 5.7 (4.2–7.7) -

Folate (μg) 226 ± 129 209 233 ± 111 215 247 ± 108 230 229 (166–312) 5.8

Sodium (g)*3 8.3 ± 3.1 8.1 8.5 ± 3.3 8.5 8.9 ± 3.2 8.5 – -

Calcium (mg) 408 ± 210 393 406 ± 231 364 441 ± 236 382 – 37.2

Magnesium (mg) 192 ± 72 186 205 ± 79 193 219 ± 74 214 – 28.9

Zinc (mg) 7.3 ± 2.7 7.1 7.3 ± 2.6 6.9 7.8 ± 2.9 7.4 – 8.8

Iron (mg) 6.2 ± 2.5 5.9 6.4 ± 2.5 6.1 6.7 ± 2.4 6.3 – 41.0

Omega-3 fatty acid (g) 1.82 ± 1.2 1.5 2.01 ± 1.67 1.6 2.05 ± 1.45 1.66 – –

SD standard deviation, IQR interquartile range, μg RAE μg retinol activity equivalents. *1 Median daily intake value during pregnancy was based
on the report by Eshak et al. [22]. *2 The estimated shortage (%) in a 20–29-year-old is given by the formula [1 − (average daily intake/
recommended dietary allowance or adequate intake or DG in 18–29-year-old)] × 100. *3 sodium chloride equivalent

Fig. 1 Dietary reference intakes. Schematic diagram illustrating the
risks of nutrient inadequacy and adverse effects
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approximately 45% lower than the recommended intake of
8.5 μg (Tables 1, 2) [18, 19].

A meta-analysis of RCTs in 2020 (27 studies, n= 4777)
showed a significant reduction in PE (OR: 0.37, 0.26–0.52)
[42]. This suggested that starting vitamin D supplementa-
tion by 20 weeks of gestation is optimal, and higher doses
of vitamin D are associated with a greater reduction in the
incidence of PE. However, the findings on the optimal dose
of vitamin D remain inconsistent. Irwinda et al. showed that
a lower dose of vitamin D supplementation (≤2000 IU
[= 50 μg]/day) significantly reduced the risk of PE, with no
significant difference compared to that with a higher dose
supplementation (>2000 IU/day) [43]. Similarly, Palacios
et al. suggested that a lower vitamin D dose of 600 IU
(= 15 μg), which corresponds to the recommended dietary
allowance, may be sufficient, as it yields a PE preventive
effect comparable to that with higher doses [41]. A
Cochrane review in 2019 also showed a prophylactic effect
of vitamin D supplementation on PE (RR: 0.48, 0.30–0.79)
(4 studies, n= 499, moderate quality evidence) [44].
Additionally, a recent network meta-analysis of 130 RCTs
(n= 1,122,916) related to PE prophylaxis published in
2022 showed that low-molecular weight heparin (RR: 0.60,
0.42–0.87), aspirin (RR: 0.79, 0.72–0.86), vitamin D (RR:
0.65, 0.45–0.95), calcium (RR: 0.71, 0.62–0.82), and
exercise (RR: 0.68, 0.50–0.92) are effective in preventing
PE [45].

However, more recent evidence has questioned the
effectiveness of vitamin D supplementation for preventing
PE. Three systematic reviews, including a Cochrane review
published in 2024, found no clear benefit of vitamin D
supplementation to reduce the risk of PE [46–48]. Although
vitamin D has been considered a candidate for the preven-
tion of PE, the current findings are inconsistent. The
available evidence does not provide a definitive answer
about whether vitamin D supplementation can effectively
prevent PE; thus, its role remains uncertain. To better
understand its potential benefits, future large-scale RCTs are
necessary.

Vitamin E

Vitamin E serves as an anti-oxidant that protects cells from
damage by free radicals [49]. Furthermore, vitamin E is
associated with immune system support, cellular function
and development, red blood cell formation, and skin health
[50]. According to a Cochrane review in 2015, compared to
placebo, vitamin E combined with other supplements during
pregnancy did not show a significant reduction in the risk of
PE (RR: 0.91, 0.79–1.06) (14 studies, n= 20,878, moderate
quality evidence) [51]. This result is comparable to that of
women at high risk of PE [52, 53]. By contrast, vitamin C
and E supplementation may have an adverse effect on

gestational hypertension (RR: 1.11, 1.05–1.17) (7 studies,
n= 19,003), according to a systematic review and meta-
analysis of RCTs published in 2011 [54]. Existing evidence
does not recommend the routine use of vitamin E supple-
ments for prevention of PE.

Folic acid

Folate and folic acid, two forms of vitamin B9, are available
in two distinct forms: natural folate and synthetic folic acid.
Natural folate, found in foods such as leafy greens, fruits,
and legumes, is less stable and more prone to degradation
by heat and light during cooking and storage. By contrast,
folic acid, the synthetic form commonly used in supple-
ments and fortified foods, is more stable and resistant to
environmental factors. However, folate is less bioavailable
than folic acid with a median relative bioavailability of 65%
(range: 44–80%) [55]. Natural folate is predominantly
converted to its bioactive form, 5-methyltetrahydrofolate (5-
MTHF), in the digestive system, allowing it to be readily
used by the body. Conversely, folic acid undergoes a slower
and less efficient conversion process. After absorption into
the digestive tract, folic acid must be metabolized in the
liver into 5-MTHF before it becomes biologically active
[55]. Folate/folic acid is crucial during pregnancy in pre-
venting neural tube defects (e.g., spina bifida and anence-
phaly), supporting DNA synthesis and cell growth, and
forming red blood cells [56]. Additionally, folate/folic acid
plays a protective role in the prevention of trophoblast
apoptosis linked to homocysteine, which may improve
trophoblast invasion and placental development [57].

A meta-analysis in 2018 showed a significant reduction
in PE by folic acid supplementation (RR: 0.69, 0.58–0.83)
(12 studies, n= 304,135) [58]. However, previous studies
included in the meta-analysis were not uniform in their
choice of supplement type and dose, with a significant
selection bias and heterogeneity. Additionally, a
recent meta-analysis in 2024 demonstrated that folic acid
supplementation during pregnancy was not associated with
a decreased risk of PE, based on cohort studies (RR:
0.57 0.31–1.05) (5 studies, n= 208,270) and RCTs (RR:
1.41, 0.80–2.50) (2 studies, n= 2729, low quality evidence)
[59]. Therefore, investigations of the association between
folic acid supplementation and PE preventive effects have
yielded inconsistent conclusions. Currently, it is not
recommended to prescribe folic acid for the
prevention of PE.

Multivitamins

Multivitamins, which contain a combination of various
vitamins and minerals, are designed to bridge nutritional
gaps and ensure individual health. Since multivitamins

T. Ushida et al.



contain anti-oxidants, daily multivitamin supplementation
during pregnancy is speculated to reduce the risk of PE.

Although two RCTs were identified according to a sys-
tematic review in 2022, they were not compatible with the
meta-analysis owing to clinical heterogeneity [60]. The two
RCTs showed a significantly decreased risk of PE in mul-
tivitamin users; however, the sample sizes were small
(n= 90 and 60) [61, 62]. Observational studies using a
random effects model did not show a significant reduction
in risk by multivitamin supplementation (RR: 0.85,
0.69–1.03) (4 studies, n= 33,206, low quality evidence)
[60]. Therefore, the accumulated evidence does not support
the routine use of multivitamin supplementation to
prevent PE.

Minerals

Calcium

Calcium plays an important role in the regulation of vas-
cular smooth muscle and vascular endothelial function and
contributes to normal blood pressure regulation [63, 64].
Adequate calcium level helps maintain proper parathyroid
hormone function and indirectly influences blood pressure
regulation. Calcium supplementation prevents endothelial
cell activation induced by various placenta-derived factors,
involving the nitric oxide synthase pathway and anti-
inflammatory mechanisms [65, 66]. In addition, calcium
supplementation improves uteroplacental and fetoplacental
blood flow [67]. Since 2011, the World Health Organization
(WHO) has recommended calcium supplementation to
prevent PE in pregnant women with low calcium intake
[68]. A recent meta-analysis in 2022 showed that calcium
supplementation significantly reduced the risk of develop-
ing PE (RR: 0.49, 0.39–0.61) (30 studies, n= 20,445) [69].
This meta-analysis includes a prospective study conducted
in Japan, reported by Ito et al. in 1994 [70]. The inclusion of
Japanese data in the meta-analysis is highly significant for
assessing the applicability of the results to the Japanese
population. The risk-reducing effect for PE was similar
between low-dose (<1 g/day) and high-dose (≥1 g/day)
calcium supplementation and between high- and low-risk
patients. In particular, the risk-reducing effect of calcium
supplementation was observed only in the population with
low calcium intake (RR: 0.45, 0.35–0.58) and was not
significant in populations with adequate calcium intake
(RR: 0.62, 0.37–1.06). To date, the evidence for calcium
supplementation is of high quality; therefore, calcium sup-
plementation is recommended during pregnancy in settings
where calcium intake is low (e.g., <800 mg/day) [71].

According to the 2019 National Health and Nutrition
Survey by the Ministry of Health, Labor, and Welfare in
Japan, the average daily calcium intake in Japan is

400–450 mg for women aged 20–49 years, which
is approximately 30–40% short of the recommended value
of 650 mg (Tables 1 and 2) [18, 19]. In Japan, the dairy
calcium intake is clearly inadequate compared to that
in other countries: United States (950 mg), Latin American
countries (622 mg), Asia-Pacific countries (653 mg), and
African countries (566 mg) [72, 73]. Therefore,
calcium supplementation is expected to be effective in
preventing PE in Japan, one of the countries with low cal-
cium intake.

Although the WHO currently recommends a calcium
supplementation dose of 1500–2000 mg/day, evidence
reported by Dwarkanath et al. provides an opportunity to
address this issue [74]. The authors conducted a large RCT
that enrolled >20,000 pregnant women in two countries
with low calcium intake (India and Tanzania) and found
that low-dose supplementation (500 mg/day) was not
inferior to high-dose supplementation (1500 mg/day) in
preventing PE.

By contrast, excessive calcium intake is not entirely free
of concern: although the conclusions of the recent meta-
analyses regarding the association between excessive cal-
cium intake and cardiovascular disease risk differs, there are
several reports indicating that calcium supplementation
(>1000 mg/day) increases the risk of cardiovascular side
effects [75, 76]. Considering that the average daily calcium
intake of women of reproductive age in Japan is approxi-
mately 500 mg, and the tolerable upper limit of calcium
intake established by the Ministry of Health, Labor, and
Welfare is 2500 mg/day, calcium supplementation of
1000–1500 mg is generally safe. Considering the above,
low-dose supplementation (500 mg) is reasonable from the
standpoint of cost and effort of high-dose supplementation.

Although there is insufficient evidence on the timing of
prophylactic supplementation, it is recommended to start as
soon as possible after pregnancy confirmation [77]. The
benefits of calcium supplementation before or at the
beginning of pregnancy are not well established [78].
Regarding the type of calcium supplementation, calcium
citrate, calcium carbonate, and calcium gluconate are
available options, but calcium carbonate is considered the
most cost-effective [79]. Calcium carbonate is inexpensive
and more bioavailable than calcium gluconate; however, its
absorption may be reduced if consumed between meals. The
bioavailability of calcium citrate is not affected by diet;
however, its high cost and the nearly 50% lower calcium
content by weight are notable disadvantages [79]. Calcium
is typically consumed as a dietary supplement. From the
insurance coverage perspective in Japan, L-aspartate cal-
cium can be prescribed because the indications on the drug
information for L-aspartate calcium state “calcium supple-
mentation during pregnancy and lactation.” Thus, low-dose
calcium supplementation (500 mg/day) is recommended
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during pregnancy in regions with low calcium intake,
including in Japan

Magnesium

As a coenzyme, magnesium assists in >600 enzymatic
reactions, including energy metabolism, protein synthesis,
gene expression, and nerve transmission [80]. Magnesium
also regulates muscle contraction by antagonizing calcium,
resulting in dilation of blood vessels and lower blood
pressure [81]. Considering that magnesium sulfate admi-
nistered to women with PE can prevent eclampsia and slow
its progression, magnesium-containing agents may have a
preventive effect on the development of PE [1]. A meta-
analysis of RCTs in 2022 showed that oral magnesium
supplementation during pregnancy significantly reduced the
risk of PE (RR: 0.76, 0.59–0.98) (7 studies, n= 2,653,
moderate quality evidence) [82]. However, a subgroup
analysis did not demonstrate a significant reduction in the
risk of PE in healthy pregnant women (RR: 0.91,
0.67–1.25) [82]. Therefore, current evidence does not sup-
port the routine use of oral magnesium supplementation for
prevention of PE.

Zinc

Zinc is an essential trace element that cannot be produced in
the body. It is found in approximately 2–4 g of the body and
is abundant in the teeth, bones, muscles, liver, and kidneys.
Zinc is a cofactor for >300 enzymes involved in various
biochemical processes, including DNA synthesis, RNA
transcription, cell division, and protein synthesis [83].
Although low zinc concentrations have been associated
with the development of PE in some reports [84, 85], a
meta-analysis found that zinc supplementation did not
contribute to the prevention of PE (2 studies, n= 4201)
[86]. A Cochrane review in 2021 also demonstrated that
zinc supplementation during pregnancy had no significant
effect on PE prevention (RR: 0.93, 0.62–1.42) (6 studies,
n= 2568) [87] Therefore, zinc supplementation is not
recommended for PE prevention.

Iron

Iron plays a crucial role during pregnancy because it is
involved in several physiological processes essential for
maternal and fetal health. Increased blood volume during
pregnancy requires higher iron levels to sustain adequate
hemoglobin production for oxygen transport to both the
mother and the developing fetus [88]. In addition, iron is
vital for the development of the fetal brain and muscle and
contributes to optimal growth and developmental outcomes.
A Cochrane review in 2015 did not show a significant effect

of iron supplementation on prevention (RR: 1.63,
0.87–3.07) (4 studies, n= 1704) [89]. Additionally, iron
supplementation in pregnant women without anemia has not
shown any benefits [90, 91]. However, a retrospective study
showed that iron supplementation reduced the odds of PE
(adjusted OR: 0.75, 0.61–0.91) among pregnant women
with anemia [92]. By contrast, women with untreated ane-
mia had significantly increased odds of PE (adjusted OR:
1.44, 1.25–1.67), suggesting the effectiveness of iron sup-
plementation for women with anemia [92]. However,
existing evidence does not support the routine use of iron
supplements for the prevention of PE in all
pregnant women.

Amino acids

L-arginine

L-arginine is an amino acid that serves as a precursor to
nitric oxide, a molecule that helps dilate blood vessels,
regulate blood pressure, and support immune function [93].
During pregnancy, l-arginine contributes to increasing nitric
oxide production, which helps improve blood flow, thereby
supporting placental vascular development and fetal growth
[94]. Although a meta-analysis in 2007 showed no sig-
nificant effect of l-arginine on PE prevention (RR: 0.83
[0.49–1.41]) [95], a recent meta-analysis in 2021 showed a
preventive effect on PE reduction (RR: 0.38 0.25–0.58)
(2 studies, n= 524) in women in the second and third tri-
mesters, including women at high risk for PE [96]. This
meta-analysis also showed that l-arginine had a therapeutic
effect on lowering systolic blood pressure (−2.47 mmHg,
−4.53 to −0.42) (3 studies, n= 214). Another meta-
analysis conducted in 2023 reported a similar therapeutic
effect in women with hypertensive disorders of pregnancy
[97]. However, large-scale RCTs are required to determine
the effects of l-arginine on PE prevention.

L-carnitine

L-carnitine is crucial for the transport of long-chain fatty
acids into the mitochondria, where fatty acids are oxidized
for energy production [98]. L-carnitine also plays a role in
metabolism and supports cardiovascular health and exercise
performance. During pregnancy, l-carnitine supports
maternal energy levels by facilitating fatty acid oxidation
and contributing to the proper functioning of mitochondrial
processes, which may be important for fetal growth and
fetoplacental unit function [99]. Increased plasma
l-carnitine concentrations have been observed in women
with PE and in PE animal models [100, 101]. To date, no
studies have examined the effects of l-carnitine supple-
mentation on the prevention of PE.
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Anti-oxidants

Lycopene

Lycopene is a carotenoid with strong anti-oxidant properties.
Lycopene helps neutralize free radicals, thereby reducing
oxidative stress and inflammation, and is associated with
various health benefits, including cardiovascular protection
[102]. During pregnancy, lycopene plays an important role in
the regulation of anti-oxidant mechanisms, anti-inflammatory
effects, and lipid metabolism, which could support modula-
tion of placental health and fetal development [103, 104].
Two RCTs produced differing results on the efficacy of
lycopene in preventing PE [105, 106]. One study found that
lycopene reduced the development of PE (8.6% with lyco-
pene vs 17.7% with placebo; p= 0.04) [105]. However,
lycopene did not prevent PE in healthy primiparous women
(18.2% with lycopene vs 18.3% with placebo, p= 0.99)
[106]. Currently, there is a lack of sufficient data to draw
conclusions about the preventive effects of lycopene.

Resveratrol

Resveratrol is a polyphenolic compound found in red wine
and certain plants and is known for its anti-oxidant and anti-
inflammatory properties. Resveratrol has a variety of health-
promoting effects, such as cardiac remodeling, reduction of
oxidative stress, neurogenesis, and anti-aging [107, 108]. In
pregnancy, resveratrol supplementation in animal models
has been reported to have potential beneficial effects in
adverse pregnancy complications, such as PE and gesta-
tional diabetes mellitus [109–111]. One study on pregnant
women with PE showed that the time needed to control
blood pressure was significantly reduced in the resveratrol
plus nifedipine-treated women compared with that in
women treated with placebo plus nifedipine [112]. How-
ever, to date, no studies have examined the effects of
resveratrol supplementation on the prevention of PE.

Astaxanthin

Astaxanthin is a carotenoid with stronger anti-oxidant
activity than Coenzyme Q10, vitamin C, and vitamin E,
and has various potential effects against cardiovascular
disease, cancer, and diabetes mellitus [113]. Based on its
multifaceted biological activities, astaxanthin supple-
mentation is expected to effectively prevent PE. Xuan et al.
demonstrated the therapeutic effects of astaxanthin on pre-
eclamptic symptoms, oxidative stress, and placental
inflammatory damage in a rat model of PE [114]. However,
to date, no studies have evaluated the effects of astaxanthin
supplementation on PE prevention.

Other agents

Omega-3 fatty acids

Omega-3 fatty acids, including eicosapentaenoic and
docosahexaenoic acids, are essential fatty acids with var-
ious biological effects that support cardiovascular health,
reduce inflammation, and promote brain function [115].
During pregnancy, omega-3 fatty acids are important
components of the fetal brain and retina and are crucial for
the neurodevelopment of the fetal and infant central ner-
vous system [116]. In 2018, a Cochrane review demon-
strated that omega-3 fatty acid supplementation during
pregnancy tended to reduce the risk of PE compared with
placebo or no intervention (RR: 0.84, 0.69–1.01) (20 stu-
dies, n= 8306, low quality evidence); however, the result
was not significant [117]. In 2020, a meta-analysis showed
a significant protective role against the risk of PE (RR:
0.82, 0.70–0.97) (14 studies, n= 10,806) [118]. Similarly,
a meta-analysis of RCTs in 2022 showed a significantly
reduced risk of PE (RR: 0.75, 0.57–0.98) (8 studies,
n= 8741, high-quality evidence) [119]. These results
suggest that omega-3 fatty acid supplementation during
pregnancy may exert favorable effects against PE; how-
ever, sufficient evidence is not available to draw definitive
conclusions to recommend supplementation for all preg-
nant women. Therefore, further large-scale RCTs are
required to determine the effects of omega-3 fatty acids on
the prevention of PE.

Coenzyme Q10

Coenzyme Q10, also known as ubiquinone, is a naturally
occurring anti-oxidant found in mitochondria. Coenzyme
Q10 plays a crucial role in energy production through the
electron transport chain, which is essential for cellular
respiration and synthesis of adenosine triphosphate [120].
Coenzyme Q10 has gained attention for its positive effects
on various disorders, such as cardiovascular disease, dia-
betes mellitus, and neurodegenerative diseases [121, 122].
There is a significant decrease in plasma levels of coen-
zyme Q10 in women with PE compared to normal preg-
nant women [123]. Therefore, it is speculated that
coenzyme Q10 may have a preventive effect on PE.
Although, to date, no meta-analyses are available. A RCT
that administered 200 mg of coenzyme Q10 (n= 118) or
placebo (n= 117) daily from 20 weeks of gestation until
delivery showed a reduced risk of PE (RR: 0.56,
0.33–0.96) [124]. However, the sample size was small,
and thus, large-scale RCTs are required. Coenzyme Q10
supplementation is not currently recommended for
prevention of PE.
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Melatonin

Melatonin is a hormone produced primarily by the pineal
gland, which regulates the sleep–wake cycle. In addition to
its role in sleep, melatonin has multiple functions, including
anti-oxidant, anti-inflammatory, anti-aging, neuroprotective,
and antihypertensive effects [125–127]. During pregnancy,
melatonin is produced in the placenta, resulting in an increase
in melatonin levels that are twice as high as those detected in
non-pregnant women [128]. In the placenta, melatonin pro-
motes the development of syncytiotrophoblasts, decreases
placental oxidative damage, and regulates placental home-
ostasis [128]. In women with PE, circulating melatonin levels
are significantly reduced along with a decrease in synthetic
enzymes and melatonin receptors in the placenta [129].
Additionally, based on an in vitro study that demonstrated a
reduced secretion of soluble fms-like tyrosine kinase 1, a key
factor in PE, from primary trophoblasts following melatonin
administration [130], exogenous melatonin supplementation
is expected to have potential benefits in PE prevention.
However, currently most studies are at the preclinical phase
and future clinical studies are warranted to evaluate the pre-
ventive effects of melatonin against PE.

S-equol

S-equol, a metabolite of soy isoflavones produced by the
gut microbiota, is a potent anti-oxidant and has an estrogen-
like effect due to its ability to bind selectively to estrogen
receptor β [131]. S-equol also has several beneficial effects
on vascular endothelial and smooth muscle cells [132].
However, no study has investigated the effects of S-equol
supplementation during pregnancy on prevention of PE.

Conclusion

Among the several dietary supplements evaluated for their
preventive effects on PE in this review, calcium is the only
supplement with substantial evidence supporting its effi-
cacy. Calcium supplementation has consistently been
shown to reduce the incidence of PE, with a daily intake of
500 mg halving the risk of PE. Many Japanese women of
reproductive age have an energy intake that is approxi-
mately 20% below the recommended level, and up to 45%
are deficient in many nutrients, including calcium and
vitamin D. Given these circumstances, calcium supple-
mentation during pregnancy is expected to reduce the risk
of PE. However, although vitamin D is gaining attention as
a potential candidate for PE prevention, the accumulated
evidence is not sufficient to recommend routine vitamin D
supplementation. Therefore, well-designed, adequately

powered studies are needed to obtain additional supporting
evidence.

Acknowledgements We thank Editage (www.editage.jp) for English
language editing.

Funding This study was supported by the Japan Society for the Pro-
motion of Science (JSPS KAKENHI 22K16857) awarded to TU. Open
Access funding provided by Nagoya University.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Dimitriadis E, Rolnik DL, Zhou W, Estrada-Gutierrez G, Koga
K, Francisco R, et al. Pre-eclampsia. Nat Rev Dis Prim.
2023;9:8.

2. Mol B, Roberts CT, Thangaratinam S, Magee LA, de Groot C,
Hofmeyr GJ. Pre-eclampsia. Lancet. 2016;387:999–1011.

3. Sole KB, Staff AC, Räisänen S, Laine K. Substantial decrease in
preeclampsia prevalence and risk over two decades: a
population-based study of 1,153,227 deliveries in Norway.
Pregnancy Hypertens. 2022;28:21–7

4. Dzakpasu S, Nelson C, Darling EK, Edwards W, Murphy PA,
Scott H, et al. Trends in rate of hypertensive disorders of preg-
nancy and associated morbidities in Canada: a population-based
study (2012-2021). Cmaj. 2024;196:E897–e904.

5. Ohkuchi A, Suzuki H, Matsubara K, Watanabe K, Saitou T, Oda
H, et al. Exponential increase of the gestational-age-specific
incidence of preeclampsia onset (COPE study): a multicenter
retrospective cohort study in women with maternal check-ups at
<20 weeks of gestation in Japan. Hypertens Res.
2022;45:1679–89.

6. Backes CH, Markham K, Moorehead P, Cordero L, Nankervis
CA, Giannone PJ. Maternal preeclampsia and neonatal out-
comes. J Pregnancy. 2011;2011:214365.

7. Nakamura N, Ushida T, Nakatochi M, Kobayashi Y, Moriyama
Y, Imai K, et al. Mortality and neurological outcomes in extre-
mely and very preterm infants born to mothers with hypertensive
disorders of pregnancy. Sci Rep. 2021;11:1729.

8. Duley L. The global impact of pre-eclampsia and eclampsia.
Semin Perinatol. 2009;33:130–7.

T. Ushida et al.

http://www.editage.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


9. Sakowicz, A, Bralewska M, Rybak-Krzyszkowska M, Grzesiak
M, Pietrucha T. New ideas for the prevention and treatment of
preeclampsia and their molecular inspirations. Int J Mol Sci.
2023;24:12100.

10. Wierzejska RE. Dietary supplements-for whom? the current state
of knowledge about the health effects of selected supplement
use. Int J Environ Res Public Health. 2021;18:8897.

11. Rautiainen S, Manson JE, Lichtenstein AH, Sesso HD. Dietary
supplements and disease prevention — a global overview. Nat
Rev Endocrinol. 2016;12:407–20.

12. Brown B, Wright C. Safety and efficacy of supplements in
pregnancy. Nutr Rev. 2020;78:813–26.

13. Achamrah N, Ditisheim A. Nutritional approach to preeclampsia
prevention. Curr Opin Clin Nutr Metab Care. 2018;21:168–73.

14. Liu Y, Wang X, Fu W, Cao Y, Dou W, Duan D, et al. The
association between dietary mineral intake and the risk of pre-
eclampsia in Chinese pregnant women: a matched case–control
study. Sci Rep. 2023;13:16103.

15. Kinshella MW, Omar S, Scherbinsky K, Vidler M, Magee LA,
von Dadelszen P, et al. Maternal nutritional risk factors for pre-
eclampsia incidence: findings from a narrative scoping review.
Reprod Health. 2022;19:188.

16. Ushida T, Tano S, Imai K, Matsuo S, Kajiyama H, Kotani T.
Postpartum and interpregnancy care of women with a history of
hypertensive disorders of pregnancy. Hypertension Res.
2024;47:1457–69.

17. Tousen Y, Kondo T, Chiba T, Ishimi Y. Regulation of the Food
Labelling Systems for Health and Nutrition in Japan and Asso-
ciated Role of the National Institute of Health and Nutrition. Jpn
J Nutr Dietetics. 2020;78:S80–S90.

18. Ministry of Health, L.a.W., Dietary Reference Intakes for Japanese
(2020). 2020: p. https://www.mhlw.go.jp/content/001151422.pdf.

19. Nutrition, N.I.o.H.a., The National Health and Nutrition Survey
(NHNS) Japan, 2019. 2019: p. https://www.nibiohn.go.jp/eiken/
kenkounippon21/download_files/eiyouchousa/2019.pdf.

20. Matsumoto M, Tajima R, Fujiwara A, Yuan X, Okada E,
Takimoto H. Trends in Food Group Intake According to Body
Size among Young Japanese Women: The 2001–2019 National
Health and Nutrition Survey. Nutrients. 2022;14:4078.

21. Kubota K, Itoh H, Tasaka M, Naito H, Fukuoka Y, Muramatsu
Kato K, et al. Changes of maternal dietary intake, bodyweight
and fetal growth throughout pregnancy in pregnant Japanese
women. J Obstet Gynaecol Res. 2013;39:1383–90.

22. Eshak ES, Okada C, Baba S, Kimura T, Ikehara S, Sato T, et al.
Maternal total energy, macronutrient and vitamin intakes during
pregnancy associated with the offspring’s birth size in the Japan
Environment and Children’s Study. Br J Nutr. 2020;124:558–66.

23. Ishitsuka K, Sasaki S, Yamamoto-Hanada K, Mezawa H,
Konishi M, Ohya Y, et al. Changes in dietary intake in pregnant
women from periconception to pregnancy in the Japan Envir-
onment and Children’s Study: A Nationwide Japanese Birth
Cohort Study. Matern Child Health J. 2020;24:389–400.

24. World Health Organization, Guideline: Sodium Intake for Adults
and Children. 2012.

25. Bastos Maia S, Rolland Souza AS, Costa Caminha MF, Lins da
Silva S, Callou Cruz R, Carvalho Dos Santos C, et al. Vitamin A
and pregnancy: a narrative review. nutrients. 2019;11:681.

26. Zhang CX, Ho SC. Validity and reproducibility of a food fre-
quency Questionnaire among Chinese women in Guangdong
province. Asia Pac J Clin Nutr. 2009;18:240–50.

27. Liu Y, Ma S, Huang X, Bo Y, Fu W, Cao Y, et al. Dietary intake
and serum concentrations of vitamin A and vitamin E and pre-
eclampsia risk in Chinese pregnant women: A matched case-
control study. Front Nutr. 2023;10:1049055.

28. Salam RA, Zuberi NF, Bhutta ZA. Pyridoxine (vitamin B6)
supplementation during pregnancy or labour for maternal and

neonatal outcomes. Cochrane Database Syst Rev.
2015;2015:CD000179.

29. Calderón-Ospina CA, Nava-Mesa MO. B Vitamins in the ner-
vous system: current knowledge of the biochemical modes of
action and synergies of thiamine, pyridoxine, and cobalamin.
CNS Neurosci Ther. 2020;26:5–13.

30. Podolska K, Mazankova D, Goboova M, Vano I. Ascorbic acid
intake during pregnancy. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub. 2023;167:213–8.

31. Rumbold A, Ota E, Nagata C, Shahrook S, Crowther CA.
Vitamin C supplementation in pregnancy. Cochrane Database
Syst Rev. 2015;2015:Cd004072.

32. Rumbold AR, Crowther CA, Haslam RR, Dekker GA, Robinson
JS, ACTS Study G. Vitamins C and E and the risks of pre-
eclampsia and perinatal complications. N. Engl J Med.
2006;354:1796–806.

33. Laird E, Ward M, McSorley E, Strain JJ, Wallace J. Vitamin D
and bone health: potential mechanisms. Nutrients.
2010;2:693–724.

34. Wang R, Xu F, Xia X, Xiong A, Dai D, Ling Y, et al. The effect
of vitamin D supplementation on primary depression: a meta-
analysis. J Affect Disord. 2024;344:653–61.

35. Mazidi M, Karimi E, Rezaie P, Vatanparast H. The impact of
vitamin D supplement intake on vascular endothelial function; a
systematic review and meta-analysis of randomized controlled
trials. Food Nutr Res. 2017;61:1273574.

36. Nema J, Sundrani D, Joshi S. Role of vitamin D in influencing
angiogenesis in preeclampsia. Hypertens Pregnancy.
2019;38:201–7.

37. Nema J, Sundrani D, Joshi S. Prenatal vitamin D supplementa-
tion reduces blood pressure and improves placental angiogenesis
in an animal model of preeclampsia. Food Funct.
2020;11:10413–22.

38. Nassar SZ, Badae NM. Protective effect of vitamin D supple-
mentation in a rat modal of preeclampsia: a possible implication
of chemerin. Hypertens Pregnancy. 2019;38:149–56.

39. Ma Y, Yang Y, Lv M, Zhang Y, He Q, Zhang Y, et al. 1,25(OH)
2D3 alleviates LPS-induced preeclampsia-like rats impairment in
the protective effect by TLR4/NF-kB pathway. Placenta.
2022;130:34–41.

40. Bi WG, Nuyt AM, Weiler H, Leduc L, Santamaria C, Wei SQ.
Association between vitamin D supplementation during preg-
nancy and offspring growth, morbidity, and mortality: a sys-
tematic review and meta-analysis. JAMA Pediatr.
2018;172:635–45.

41. Palacios C, Trak-Fellermeier MA, Martinez RX, Lopez-Perez L,
Lips P, Salisi JA, et al. Regimens of vitamin D supplementation
for women during pregnancy. Cochrane Database Syst Rev.
2019;10:Cd013446.

42. Fogacci S, Fogacci F, Banach M, Michos ED, Hernandez AV,
Lip G, et al. Vitamin D supplementation and incident pre-
eclampsia: A systematic review and meta-analysis of randomized
clinical trials. Clin Nutr. 2020;39:1742–52.

43. Irwinda R, Hiksas R, Lokeswara AW, Wibowo N. Vitamin D
supplementation higher than 2000 IU/day compared to lower dose
on maternal-fetal outcome: Systematic review and meta-analysis.
Women’s Health (Lond). 2022;18:17455057221111066.

44. Palacios C, Kostiuk LK, Peña-Rosas JP. Vitamin D supple-
mentation for women during pregnancy. Cochrane Database Syst
Rev. 2019;7:Cd008873.

45. Liu YH, Zhang YS, Chen JY, Wang ZJ, Liu YX, Li JQ, et al.
Comparative effectiveness of prophylactic strategies for pre-
eclampsia: a network meta-analysis of randomized controlled
trials. Am J Obstet Gynecol. 2023;228:535–46.

46. Pérez-López FR, Pasupuleti V, Mezones-Holguin E, Benites-
Zapata VA, Thota P, Deshpande A, et al. Effect of vitamin D

Dietary supplements and prevention of preeclampsia

https://www.mhlw.go.jp/content/001151422.pdf
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2019.pdf
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2019.pdf


supplementation during pregnancy on maternal and neonatal
outcomes: a systematic review and meta-analysis of randomized
controlled trials. Fertil Steril. 2015;103:1278–88.e4.

47. Khaing W, Vallibhakara SA, Tantrakul V, Vallibhakara O,
Rattanasiri S, McEvoy M, et al. Calcium and Vitamin D sup-
plementation for prevention of preeclampsia: a systematic review
and network meta-analysis. Nutrients. 2017;9:1141.

48. Palacios C, Kostiuk LK, Peña-Rosas JP. Vitamin D supple-
mentation for women during pregnancy. Cochrane Database Syst
Rev. 2024;7:Cd008873.

49. Anderson Berry AL, Hanson CK. The Role of Vitamin E in Preg-
nancy, in Vitamin E in Human Health, P. Weber, et al., Editors. 2019,
Springer International Publishing: Cham. p. 405-417.

50. Rizvi S, Raza ST, Ahmed F, Ahmad A, Abbas S, Mahdi F. The
role of vitamin e in human health and some diseases. Sultan
Qaboos Univ Med J. 2014;14:e157–65.

51. Rumbold A, Ota E, Hori H, Miyazaki C, Crowther CA. Vitamin
E supplementation in pregnancy. Cochrane Database Syst Rev.
2015;2015:Cd004069.

52. Poston L, Briley AL, Seed PT, Kelly FJ, Shennan AH, Vitamins
in Pre-eclampsia (VIP) Trial C. Vitamin C and vitamin E in
pregnant women at risk for pre-eclampsia (VIP trial): randomised
placebo-controlled trial. Lancet. 2006;367:1145–54.

53. 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 nutri-
tional status from developing countries. BJOG. 2009;116:780–8.

54. Conde-Agudelo A, Romero R, Kusanovic JP, Hassan SS. Sup-
plementation with vitamins C and E during pregnancy for the
prevention of preeclampsia and other adverse maternal and
perinatal outcomes: a systematic review and metaanalysis. Am J
Obstet Gynecol. 2011;204:503.e1–12.

55. Caudill MA. Folate bioavailability: implications for establishing
dietary recommendations and optimizing status. Am J Clin Nutr.
2010;91:1455s–1460s.

56. Greenberg JA, Bell SJ, Guan Y, Yu YH. Folic Acid supple-
mentation and pregnancy: more than just neural tube defect
prevention. Rev Obstet Gynecol. 2011;4:52–9.

57. Di Simone N, Riccardi P, Maggiano N, Piacentani A, D'Asta M,
Capelli A, et al. Effect of folic acid on homocysteine-induced
trophoblast apoptosis. Mol Hum Reprod. 2004;10:665–9.

58. Liu C, Liu C, Wang Q, Zhang Z. Supplementation of folic acid
in pregnancy and the risk of preeclampsia and gestational
hypertension: a meta-analysis. Arch Gynecol Obstet.
2018;298:697–704.

59. Cui H, Zhang N, An J, Zeng X, Zhao Y, Sun X, et al. Maternal
folic acid supplementation to prevent preeclampsia: a systematic
review and meta-analysis. Complementary Ther Med.
2024;82:103052.

60. Christiansen CH, Høgh S, Rode L, Schroll JB, Hegaard HK,
Wolf HT. Multivitamin use and risk of preeclampsia: A sys-
tematic review and meta-analysis. Acta Obstetricia et Gyneco-
logica Scandinavica. 2022;101:1038–47.

61. Azami M, Azadi T, Farhang S, Rahmati S, Pourtaghi K. The
effects of multi mineral-vitamin D and vitamins (C+E) supple-
mentation in the prevention of preeclampsia: An RCT. Int J
Reprod Biomed. 2017;15:273–8.

62. Rumiris D, Purwosunu Y, Wibowo N, Farina A, Sekizawa A.
Lower rate of preeclampsia after antioxidant supplementation in
pregnant women with low antioxidant status. Hypertens Preg-
nancy. 2006;25:241–53.

63. Webb RC. Smooth muscle contraction and relaxation. Adv
Physiol Educ. 2003;27:201–6.

64. Cormick G, Belizán JM. Calcium intake and health. Nutrients.
2019;11:1606.

65. DeSousa J, Tong M, Wei J, Chamley L, Stone P, Chen Q. The
anti-inflammatory effect of calcium for preventing endothelial
cell activation in preeclampsia. J Hum Hypertens.
2016;30:303–8.

66. de Brito Pitilin E, Marafon F, da Silva Rosa Bonadiman B,
Pelazza BB, Pillat MM, de Lara JD, et al. Effects of calcium
supplementation on changes in the IL2, IL4, IL6, IL10 axes and
oxidative stress in pregnant women at risk for pre-eclampsia.
BMC Pregnancy Childbirth. 2024;24:71.

67. Carroli G, Merialdi M, Wojdyla D, Abalos E, Campodonico L,
Yao SE, et al. Effects of calcium supplementation on uter-
oplacental and fetoplacental blood flow in low-calcium-intake
mothers: a randomized controlled trial. Am J Obstet Gynecol.
2010;202:45.e1–45.e9.

68. World Health Organization, WHO recommendations for Pre-
vention and treatment of pre-eclampsia and eclampsia, 2011.

69. Woo Kinshella ML, Sarr C, Sandhu A, Bone JN, Vidler M,
Moore SE, et al. Calcium for pre-eclampsia prevention: A sys-
tematic review and network meta-analysis to guide personalised
antenatal care. Bjog. 2022;129:1833–43.

70. Ito M, Koyama H, Ohshige A, Maeda T, Yoshimura T, Okamura
H. Prevention of preeclampsia with calcium supplementation and
vitamin D3 in an antenatal protocol. Int J Gynaecol Obstet.
1994;47:115–20.

71. Poon LC, Shennan A, Hyett JA, Kapur A, Hadar E, Divakar H.
et al. The International Federation of Gynecology and Obstetrics
(FIGO) initiative on pre-eclampsia: A pragmatic guide for first-
trimester screening and prevention. Int J Gynaecol Obstet.
2019;145(Suppl 1):1–33.

72. Cormick G, Betrán AP, Romero IB, Lombardo CF, Gülmezoglu
AM, Ciapponi A, et al. Global inequities in dietary calcium
intake during pregnancy: a systematic review and meta-analysis.
BJOG. 2019;126:444–56.

73. Balk EM, Adam GP, Langberg VN, Earley A, Clark P, Ebeling
PR, et al. Global dietary calcium intake among adults: a sys-
tematic review. Osteoporos Int. 2017;28:3315–24.

74. Dwarkanath P, Muhihi A, Sudfeld CR, Wylie BJ, Wang M,
Perumal N, et al. Two randomized trials of low-dose calcium
supplementation in pregnancy. N. Engl J Med.
2024;390:143–53.

75. Huo X, Clarke R, Halsey J, Jackson R, Lehman A, Prince R,
et al. Calcium supplements and risk of CVD: a meta-analysis of
randomized trials. Curr Dev Nutr. 2023;7:100046.

76. Myung SK, Kim HB, Lee YJ, Choi YJ, Oh SW. Calcium sup-
plements and risk of cardiovascular disease: a meta-analysis of
clinical trials. Nutrients. 2021;13:368.

77. Gomes F, Ashorn P, Askari S, Belizan JM, Boy E, Cormick G,
et al. Calcium supplementation for the prevention of hyperten-
sive disorders of pregnancy: current evidence and programmatic
considerations. Ann N. Y Acad Sci. 2022;1510:52–67.

78. World Health Organization, WHO recommendation on Calcium
supplementation before pregnancy for the prevention of pre-
eclampsia and its complications. 2020.

79. Omotayo MO, Dickin KL, O'Brien KO, Neufeld LM, De Regil
LM, Stoltzfus RJ. Calcium supplementation to prevent pre-
eclampsia: translating guidelines into practice in low-income
countries. Adv Nutr. 2016;7:275–8.

80. de Baaij JH, Hoenderop JG, Bindels RJ. Magnesium in man:
implications for health and disease. Physiol Rev. 2015;95:1–46.

81. Dalton LM, Ní Fhloinn DM, Gaydadzhieva GT, Mazurkiewicz
OM, Leeson H, Wright CP. Magnesium in pregnancy. Nutr Rev.
2016;74:549–57.

82. Yuan J, Yu Y, Zhu T, Lin X, Jing X, Zhang J. Oral magnesium
supplementation for the prevention of preeclampsia: a meta-
analysis or randomized controlled trials. Biol Trace Elem Res.
2022;200:3572–81.

T. Ushida et al.



83. Kiouri DP, Tsoupra E, Peana M, Perlepes SP, Stefanidou ME,
Chasapis CT. Multifunctional role of zinc in human health: an
update. EXCLI J. 2023;22:809–27.

84. Jin S, Hu C, Zheng Y. Maternal serum zinc level is associated
with risk of preeclampsia: a systematic review and meta-analysis.
Front Public Health. 2022;10:968045.

85. Tesfa E, Nibret E, Munshea A. Maternal serum zinc level and
pre-eclampsia risk in African women: a systematic review and
meta-analysis. Biol Trace Elem Res. 2021;199:4564–71.

86. Iqbal S, Ali I. Effect of maternal zinc supplementation or zinc
status on pregnancy complications and perinatal outcomes: an
umbrella review of meta-analyses. Heliyon. 2021;7:e07540.

87. Carducci B, Keats EC, Bhutta ZA. Zinc supplementation for
improving pregnancy and infant outcome. Cochrane Database
Syst Rev. 2021;3:Cd000230.

88. Fisher AL, Nemeth E. Iron homeostasis during pregnancy†‡. Am
J Clin Nutr. 2017;106:1567S–1574S.

89. Peña-Rosas JP, De-Regil LM, Garcia-Casal MN, Dowswell T.
Daily oral iron supplementation during pregnancy. Cochrane
Database Syst Rev. 2015;2015:Cd004736.

90. Fitriana F, Pallotti P. Iron supplementation for non-anaemic
pregnant women and the incidence of hypertensive disorders in
pregnancy: a systematic review and meta-analysis. Asian Pac J
Reprod. 2022;11:165–74.

91. Hansen R, Sejer E, Holm C, Schroll JB. Iron supplements in
pregnant women with normal iron status: A systematic review and
meta-analysis. Acta Obst et Gynecol Scand. 2023;102:1147–58.

92. Detlefs SE, Jochum MD, Salmanian B, McKinney JR, Aagaard
KM. The impact of response to iron therapy on maternal and
neonatal outcomes among pregnant women with anemia. Am J
Obstet Gynecol MFM. 2022;4:100569.

93. Palmer RM, Ashton DS, Moncada S. Vascular endothelial cells
synthesize nitric oxide from L-arginine. Nature.
1988;333:664–6.

94. Weckman AM, McDonald CR, Baxter JB, Fawzi WW, Conroy
AL, Kain KC. Perspective: L-arginine and L-citrulline supple-
mentation in pregnancy: a potential strategy to improve birth
outcomes in low-resource settings. Adv Nutr. 2019;10:765–77.

95. Meher S, Duley L. Nitric oxide for preventing pre-eclampsia and its
complications. Cochrane Database Syst Rev. 2007;2007:Cd006490.

96. Sagadevan S, Sri Hari O, Sirajudeen MJ, Ramalingam G,
Basutkar RS. Effects of L-arginine on preeclampsia risks and
maternal and neonatal outcomes: a systematic review and meta-
analysis. Asian Pac J Reprod. 2021;10:241–51.

97. Menichini D, Feliciello L, Neri I, Facchinetti F. L-Arginine sup-
plementation in pregnancy: a systematic review of maternal and
fetal outcomes. J Matern Fetal Neonatal Med. 2023;36:2217465.

98. Virmani MA, Cirulli M. The role of l-carnitine in mitochondria,
prevention of metabolic inflexibility and disease initiation. Int J
Mol Sci. 2022;23:2717.

99. Manta-Vogli PD, Schulpis KH, Dotsikas Y, Loukas YL. The
significant role of carnitine and fatty acids during pregnancy,
lactation and perinatal period. Nutritional support in specific
groups of pregnant women. Clin Nutr. 2020;39:2337–46.

100. Thiele IG, Niezen-Koning KE, van Gennip AH, Aarnoudse JG.
Increased plasma carnitine concentrations in preeclampsia.
Obstet Gynecol. 2004;103:876–80.

101. Sato E, Tsunokuni Y, Kaneko M, Saigusa D, Saito R, Shimma S,
et al. Metabolomics of a mouse model of preeclampsia induced
by overexpressing soluble fms-like tyrosine kinase 1. Biochem-
ical Biophysical Res Commun. 2020;527:1064–71.

102. Imran M, Ghorat F, Ul-Haq I, Ur-Rehman H, Aslam F, Heydari
M, et al. Lycopene as a natural antioxidant used to prevent
human health disorders. Antioxidants (Basel). 2020;9:706.

103. Sun S, Cao C, Li J, Meng Q, Cheng B, Shi B, et al. Lycopene
modulates placental health and fetal development under high-fat

diet during pregnancy of rats. Mol Nutr Food Res.
2021;65:e2001148.

104. Sun S, Meng Q, Bai Y, Cao C, Li J, Cheng B, et al. Lycopene
improves maternal reproductive performance by modulating milk
composition and placental antioxidative and immune status. Food
Funct. 2021;12:12448–67. https://doi.org/10.1039/d1fo01595h.

105. Sharma JB, Kumar A, Kumar A, Malhotra M, Arora R, Prasad S,
et al. Effect of lycopene on pre-eclampsia and intra-uterine
growth retardation in primigravidas. Int J Gynecol Obstet.
2003;81:257–62.

106. Banerjee S, Jeyaseelan S, Guleria R. Trial of lycopene to prevent
pre-eclampsia in healthy primigravidas: results show some
adverse effects. J Obstet Gynaecol Res. 2009;35:477–82.

107. Gligorijević N, Stanić-Vučinić D, Radomirović M, Stojadinović
M, Khulal U, Nedić O, et al. Role of resveratrol in prevention
and control of cardiovascular disorders and cardiovascular
complications related to COVID-19 disease: mode of action and
approaches explored to increase its bioavailability. Molecules.
2021;26:2834.

108. Azargoonjahromi A, Abutalebian F, Hoseinpour F. The role of
resveratrol in neurogenesis: a systematic review. Nutr Rev.
2024;82:612–21.

109. Moraloglu O, Engin-Ustun Y, Tonguç E, Var T, Tapisiz OL,
Ergün H, et al. The effect of resveratrol on blood pressure in a rat
model of preeclampsia. J Matern Fetal Neonatal Med.
2012;25:845–8.

110. Singh CK, Kumar A, Lavoie HA, Dipette DJ, Singh US. Dia-
betic complications in pregnancy: is resveratrol a solution? Exp
Biol Med (Maywood). 2013;238:482–90.

111. Ramli I, Posadino AM, Giordo R, Fenu G, Fardoun M, Iratni R,
et al. Effect of resveratrol on pregnancy, prenatal complications
and pregnancy-associated structure alterations. Antioxidants
(Basel), 2023 12.

112. Ding J, Kang Y, Fan Y, Chen Q. Efficacy of resveratrol to
supplement oral nifedipine treatment in pregnancy-induced pre-
eclampsia. Endocr Connect. 2017;6:595–600.

113. Hoffman MT, Kemp SB, Salas-Escabillas DJ, Zhang Y, Steele
NG, The S, et al. The role of astaxanthin on chronic diseases.
Crystals. 2021;11:505–369.

114. Xuan RR, Niu TT, Chen HM. Astaxanthin blocks preeclampsia
progression by suppressing oxidative stress and inflammation.
Mol Med Rep. 2016;14:2697–704.

115. Yashodhara BM, Umakanth S, Pappachan JM, Bhat SK, Kamath
R, Choo BH. Omega-3 fatty acids: a comprehensive review of
their role in health and disease. Postgrad Med J. 2009;85:84–90.

116. Coletta JM, Bell SJ, Roman AS. Omega-3 Fatty acids and
pregnancy. Rev Obstet Gynecol. 2010;3:163–71.

117. Middleton P, Gomersall JC, Gould JF, Shepherd E, Olsen SF,
Makrides M. Omega-3 fatty acid addition during pregnancy.
Cochrane Database Syst Rev. 2018;11:Cd003402.

118. Bakouei F, Delavar MA, Mashayekh-Amiri S, Esmailzadeh S,
Taheri Z. Efficacy of n-3 fatty acids supplementation on the pre-
vention of pregnancy induced-hypertension or preeclampsia: A
systematic review and meta-analysis. Taiwan J Obstet Gynecol.
2020;59:8–15.

119. Firouzabadi FD, Shab-Bidar S, Jayedi A. The effects of omega-3
polyunsaturated fatty acids supplementation in pregnancy, lac-
tation, and infancy: an umbrella review of meta-analyses of
randomized trials. Pharmacol Res. 2022;177:106100.

120. Cirilli I, Damiani E, Dludla PV, Hargreaves I, Marcheggiani F,
Millichap LE, et al. Role of Coenzyme Q(10) in health and
disease: an update on the last 10 years (2010-2020). Antioxid
(Basel). 2021;10:1325.

121. Rabanal-Ruiz Y, Llanos-González E, Alcain FJ. The use of
Coenzyme Q10 in cardiovascular diseases. Antioxid (Basel).
2021;10:755.

Dietary supplements and prevention of preeclampsia

https://doi.org/10.1039/d1fo01595h


122. Aaseth J, Alexander J, Alehagen U. CoenzymeQ10 supplementation
– In ageing and disease. Mech Ageing Dev. 2021;197:111521.

123. Teran E, Racines-Orbe M, Vivero S, Escudero C, Molina G,
Calle A. Preeclampsia is associated with a decrease in plasma
coenzyme Q10 levels. Free Radic Biol Med. 2003;35:1453–6.

124. 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 Gynecol Obstet. 2009;105:43–5.

125. Ahmad SB, Ali A, Bilal M, Rashid SM, Wani AB, Bhat RR,
et al. Melatonin and health: insights of melatonin action, biolo-
gical functions, and associated disorders. Cell Mol Neurobiol.
2023;43:2437–58.

126. Lee JG, Woo YS, Park SW, Seog DH, Seo MK, Bahk WM. The
neuroprotective effects of melatonin: possible role in the patho-
physiology of neuropsychiatric disease. Brain Sci. 2019;9:285.

127. Simko F, Paulis L. Melatonin as a potential antihypertensive
treatment. J Pineal Res. 2007;42:319–22.

128. Verteramo R, Pierdomenico M, Greco P, Milano C. The role of
melatonin in pregnancy and the health benefits for the newborn.
Biomedicines. 2022;10:3252.

129. Tang Y, Groom K, Chamley L, Chen Q. Melatonin, a potential
therapeutic agent for preeclampsia, reduces the extrusion of toxic
extracellular vesicles from preeclamptic placentae. Cells.
2021;10:1904.

130. Hannan NJ, Binder NK, Beard S, Nguyen TV, Kaitu'u-Lino TJ,
Tong S. Melatonin enhances antioxidant molecules in the pla-
centa, reduces secretion of soluble fms-like tyrosine kinase 1
(sFLT) from primary trophoblast but does not rescue endothelial
dysfunction: an evaluation of its potential to treat preeclampsia.
PLoS One. 2018;13:e0187082.

131. Tuli HS, Kumar A, Sak K, Aggarwal D, Gupta DS, Kaur G, et al.
Gut microbiota-assisted synthesis, cellular interactions and
synergistic perspectives of equol as a potent anticancer iso-
flavone. Pharmaceuticals. 2022;15:1418.

132. Matsumoto T, Kojima M, Takayanagi K, Taguchi K, Kobayashi
T. Role of S-Equol, indoxyl sulfate, and trimethylamine N-oxide
on vascular function. Am J Hypertens. 2020;33:793–803.

T. Ushida et al.


	Dietary supplements and prevention of preeclampsia
	Abstract
	Introduction
	Dietary supplements in Japan
	Indices for dietary reference intakes
	Diets of women of reproductive age and pregnant women in Japan
	Dietary supplements
	Vitamins
	Vitamin A
	Vitamin B6
	Vitamin C
	Vitamin D
	Vitamin E
	Folic acid
	Multivitamins

	Minerals
	Calcium
	Magnesium
	Zinc
	Iron

	Amino acids
	L-arginine
	L-carnitine

	Anti-oxidants
	Lycopene
	Resveratrol
	Astaxanthin

	Other agents
	Omega-3 fatty acids
	Coenzyme Q10
	Melatonin
	S-equol


	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




