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Safety and efficacy of supplements in pregnancy

Benjamin Brown and Ciara Wright

Pregnancy is a time where expectant mothers often focus on their diet to improve
their own health and to preserve the future health of their children. There is much
conflicting information in the public domain about the safety and/or efficacy of nu-
tritional supplements during pregnancy. Despite this, the market for supplements is
growing. This review discusses the roles of critical nutrients in pregnancy and the
available evidence on the use of supplements to reduce risks and improve maternal
and fetal outcomes. Recommendations are made for pregnant women, taking into
account safety data and tolerable upper intakes set for pregnant women. It is im-
portant for dieticians, nutritionists, physicians, and other healthcare providers to be
able to offer accurate and evidence-based advice on supplement use in pregnancy.
Routine supplementation may not be necessary for all, but individuals at risk are
identified.

INTRODUCTION

There is substantial evidence on the importance of ma-
ternal diet for the health of the fetus. The nutrient status

of the fetus is mostly dependent on maternal intake and
it has been known for many years that deficiencies in

critical nutrients can lead to malformations and poor
health outcomes for both the mother and offspring. It is

because of this that, often, pregnancy is a time that ex-
pectant mothers will focus on their health and nutrient

intake. Supplement use is very common in pregnancy.
Studies show that multivitamin use (excluding folic acid

alone)_ranges from 78% to 98% in different cohorts
across the United States, Canada, and Australia.1–3

However, knowledge about the safety or effectiveness of
supplements is not widespread. Many supplement man-

ufacturers err on the side of caution and use advisory
labels to avoid use in pregnancy. Given the relatively

high incidence of nutritional deficiencies, reduced nu-
trient density of food, and higher intake of nutritionally

poor processed food, supplement use in pregnancy may
be beneficial in some instances and reduce risks of neg-

ative outcomes.

The evidence for safety and efficacy of nutritional
supplements in pregnancy is reviewed here. In many

cases tolerable upper limits are already set based on rig-
orous reviews of adverse events.4 Recommendations are
made herein for particular at-risk groups or individuals

that may benefit from supplementation in addition to a
well-balanced diet. It is worth noting that significant

limitations exist for assessing the correct level of evi-
dence required to make nutritional recommendations,5

and this could be argued to be more pronounced in
pregnancy. Regarding the role of the randomized con-

trolled trial in nutrition, it is clearly unethical to reduce
intakes of nutrients in pregnancy for comparison as a

“control” group. Studies on nutrition also differ from
drug-intervention studies in that it is often more diffi-

cult to prove the effect of the absence of nutrients rather
than the addition of a drug. Nutrient deficiencies may

also develop over time, which are not always resolved
during a short window of supplementation. It could be

argued that this is even more important during preg-
nancy, as beginning supplements in the first or second

trimester may not be a sufficient time frame in which to
affect development of the fetus.
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Vitamins, minerals, and omega-3 fats will be dis-

cussed, in that order, with regard to function and identi-
fication of at-risk groups. Daily recommendations are

included along with tolerable upper intakes, which are
compared between the European Union (EU) (European

Food Safety Authority) and the United States (Institute
of Medicine) where available, or relevant evidence dis-
cussed. Table 1 provides a quick reference guide.

VITAMIN A

Vitamin A is likely the most controversial supplement

in pregnancy and has largely been avoided by pregnant
women and omitted from supplement formulations or

replaced with beta-carotene owing to perceived risk of
teratogenicity. However, vitamin A plays an essential

role in embryogenesis, and the risk of teratogenicity is
limited. When converted to retinoic acid, it acts as a li-

gand for the retinoid superfamily of receptors. Two reti-
noic acid–dependent transcription factors – retinoic

acid receptors and retinoid X receptors – are expressed
in a well-defined pattern in the developing embryo. An

excess or deficiency of vitamin A can cause critical alter-
ations in gene expression sufficient to cause develop-

mental abnormalities.34

Retinoic acid plays a role in organogenesis, includ-

ing of the lung. An intervention study demonstrated
improved lung function in offspring of a deficient pop-

ulation who received vitamin A supplementation.35

Vitamin A also plays a role in immune function, and

neonatal deficiency in vitamin A increases the risk for
infectious diseases such as diarrhea, measles, and respi-

ratory illness.36 Repletion may reduce rates of maternal
infections37 and improve early fetal lymphopoiesis.38

The recommended daily intake during pregnancy
is 540 mg retinol equivalents (RE) in the EU,7 with a

higher level of 770 mg RE in the United States.6 As a fat-
soluble vitamin, preformed vitamin A is found in fish

oil, meat, and dairy products. Beta-carotene, the pri-
mary plant source of retinol, is found in many fruits
and vegetables, particularly orange-colored carrot,

sweet potato, squash, and peppers. Deficiency is com-
mon in developing countries with poor access to fresh

plant produce and limited dietary meat intake.
However, in a World Health Organization (WHO)

analysis, the prevalence of serum retinol <0.70 mmol/L
in pregnant women was just 2% in the Americas but

alarmingly high in Europe at 11.6%.39 Of all the
nutrients reviewed herein, it is important to dispel the

myths around vitamin A supplementation to ensure
that sufficiency is achieved in pregnancy. Currently,

there is a common perception that any supplementation
with retinoic acid should be strictly avoided and that

even foods high in preformed vitamin A should be

avoided – for example, liver. It could be said that the

risk from supplementation has been overstated. An
analysis of almost 23 000 pregnant women in the New

England Journal of Medicine identified a highly conser-
vative safe threshold of 3000 mg RE/d of preformed

vitamin A from food and supplements.40 At that, only a
small number of cases satisfied this threshold, and the
safe level could be higher than this according to a num-

ber of other studies.4 The greatest risk is within the first
60 days of gestation. The tolerable upper limit is set at

3000 mg RE/d in the EU4 and United States6 without the
need for an uncertainty factor calculation, acknowledg-

ing the caution already applied.

VITAMIN B6

Adequate supply of vitamin B6 in pregnancy plays an
important role in neural development, synthesis of fetal

neurotransmitters, and fetal metabolism.41 Poor vita-
min B6 status has been shown to correlate with reduced

conception rates and increased risk of early pregnancy
loss.42 Intervention studies are rare, but a meta-analysis

of 3 small studies showed a significant positive effect on
birth weight but no effect on other neonatal health out-

comes or maternal morbidity or mortality.8 A later
Cochrane review concluded that more evidence is

needed to determine benefits to supplementation in
pregnancy for critical maternal and neonatal out-

comes.43 Supplementation may reduce severity of mild
nausea in pregnancy, however, at 30–75 mg/d in di-

vided doses.44 In addition, anemic pregnant women
who are nonresponsive to iron supplementation may

respond to vitamin B6, and it is important to consider
this deficiency in the clinical setting of anemia.45

The recommended intake for pregnant women is
1.8 mg/d in the EU7 and 1.9 mg in the United States.9

Sources include fish, meat, poultry, eggs, legumes, and
nuts. Supplements often contain much higher amounts.

Doses of 50–510 mg/d taken during the first trimester
have not been associated with adverse fetal outcomes.8

Pyridoxine has been associated with neurotoxicity and

neuropathy at doses above 50 mg/d,46 although
pyridoxal-5’-phosphate is a safer form of B6 and not as-

sociated with neuropathy.47 Based on neurotoxicity
alone, the tolerable upper limit in the EU was set for

adults at a very conservative 25 mg/d – a limit that was
determined in part from a study that was acknowledged

to be flawed.4 No evidence of adverse events or neuro-
toxicity has been shown at this level in pregnant

women. The United States set a higher level of 100 mg/
d, based on reports of neurotoxicity at 200 mg/d and of

>500 mg/d in other reports, but acknowledging the var-
iability of the evidence, used the uncertainty factor of 2

to arrive at 100 mg/d.9
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VITAMIN B9 FOLIC ACID

The prevention of neural tube defects is the most widely
known role for folic acid in pregnancy. A Cochrane re-

view concluded that supplementation before conception
and up to 12 weeks of pregnancy is effective for prevent-

ing first- and second-time occurrence neural tube
defects.48 Many countries worldwide – including the

US, UK, and EU countries, Canada, New Zealand, and
China – issued recommendations in the early 1990s

that women planning a pregnancy should take 400 mg of
folic acid daily. Despite this, suboptimal intake of folate

remains high and there is a high incidence of
unplanned pregnancies and noncompliance such that

the rate of neural tube defects remains alarmingly high.
True incidence is difficult to assess on account of

reporting irregularities but ranges from approximately
5 to 20 per 10 000 births even in developed countries

such as the United Kingdon.49 There are continued
efforts to educate, and recommendations in most coun-

tries have been expanded to all women of childbearing
age.

Systematic reviews and meta-analyses of folic acid
supplementation during pregnancy have also identified

a reduced risk of preeclampsia,50 preterm delivery, and
small-for-gestational-age (SGA) outcomes.51 However,

a significant effect on preterm delivery was only seen
when folic acid was initiated during the pregnancy and
not with pre-conception supplementation, though the

trend was still apparent.
Supplementation at 400 mg is largely considered

safe. Evidence for adverse effects such as cancer, diabe-
tes, thyroid disorders, and allergic disease below the tol-

erable upper intake level of 1000mg is weak or
inconclusive.52 Experimental and observational evi-

dence suggests that there may be risks related to
changes in neurodevelopment with folic acid exposure

above this level, but further studies are required in rela-
tion to dosage and timing.53 Traditionally, doses of

4 mg have been used for high-risk patients; however,
doses of 400–800 mg of folic acid lower risk of neural

tube defects, with no further reduction in risk with
doses >1000 mg.54 5-Methyltetrahydrofolate is also ef-

fective at increasing folate concentrations to levels that
are considered effective and may be preferable in

women with polymorphisms in folate-related enzymes,
especially methylene tetrahydrofolate reductase and

dihydrofolate reductase.55

Recommended daily intake in pregnancy is 600 mg

in the EU7 and 400 mg in the United States,9 where the
tolerable upper limit is set at 1 mg, although this is

based on masking hematological anomalies and B12 de-
ficiency.4,9 Dietary sources are legumes including beans

and lentils, leafy green vegetables, broccoli, edamameTa
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beans, asparagus, and avocado. Almost 80 countries

worldwide have a fortification policy, including the
United States, which has led to a dramatic fall in the in-

cidence of neural tube defects. Many EU member states
do not have such a policy. In these countries, it may be

recommended that 800 mg/d is required to achieve opti-
mal red blood cell folate levels to prevent birth defects
in women.56

VITAMIN B12

Vitamin B12 is a cofactor in the methylation cycle

which is necessary to ensure adequate folate is available
for deoxyribonucleic acid synthesis and cell replication.

Vitamin B12 deficiency is associated with adverse ma-
ternal and neonatal outcomes, including spontaneous

abortions, preeclampsia, low birth weight and develop-
mental anomalies (particularly neural tube defects), and

delayed myelination or demyelination.57

A common sign of B12 deficiency is a macrocytic

anemia, which may be detected in pregnant women on
a routine blood test where other markers such as homo-

cysteine or methylmalonic acid are not frequently
tested. Folate supplementation can resolve a B12 defi-

ciency macrocytic anemia, however, which can leave
B12 deficiency underdiagnosed.58 This is sometimes

termed “masking a B12 deficiency.” Given that preg-
nant women are advised to take folic acid and some

take high amounts, it may be important to routinely
measure B12 levels in pregnancy or in prepregnancy.

High folate status and low vitamin B12 status during
pregnancy may predispose women to diabetes and chil-

dren to low birth weight, insulin resistance, and adipos-
ity later in life.58

The recommended daily intake for pregnant
women is 4.5 mg in the EU7 but lower in the United

States, at 2.6 mg, based on evidence that absorption is
more efficient during pregnancy.9 Sources of

vitamin B12 include animal products such as meat,
eggs, dairy, and fish. Risk of deficiency is high in vegeta-
rians and vegans, and the vegan lifestyle is becoming in-

creasingly popular. B12 is also found in fortified foods,
but vegans may need to supplement routinely. B12 defi-

ciency is also commonly seen in digestive disorders
such as celiac disease, inflammatory bowel disease, and

irritable bowel syndrome as a result of small intestinal
bacterial overgrowth.59 Reduced absorption is also

caused by impaired proteolysis, which is required to re-
lease B12 as observed in gastritis, hypochlorhydria, and

use of proton pump inhibitors.
No adverse effects on pregnancy outcomes have

been associated with a high vitamin B12 intake from
supplements. Usual intakes from supplements in preg-

nancy are 35mg, but up to 1000mg are given to women

with compromised absorption.4,8 Therefore, no tolera-

ble upper limit for vitamin B12 has been set for preg-
nant women in either the EU or the United States. For

the treatment of deficiency, a range of 500–2000 mg of
oral vitamin B12 per day may be recommended, which

is as effective as sublingual or intramuscular routes.60–62

VITAMIN C

Clinical studies do not support routine supplementation
with vitamin C for the prevention of important preg-

nancy outcomes such as fetal growth, preeclampsia, pre-
term birth, or fetal or neonatal death.63 It is possible

that vitamin C supplementation may reduce the risk of
premature rupture of the membranes, as has been ob-

served in a small number of observational and interven-
tion studies.16,64,65 Supplementation with 100 mg, a

conservative dose, has also been shown to reduce the
risk of urinary tract infection in pregnancy.66

The recommended daily intake in pregnancy is
105 mg in the EU,7 with a more conservative 85 mg in

the United States,15 which could be achieved with an in-
take of 5 portions of fruit and vegetables per day.
However, vitamin C deficiency is prevalent, with further

increased risk for low-income populations, pregnant
women, pregnant smokers, and pregnant women with

type 1 diabetes.11–14 These groups should be counseled
to increase intake of fruits and vegetable high in

vitamin C – namely, kiwi fruit, citrus fruit, peppers, and
lightly steamed or raw broccoli and cauliflower.

Extensive evidence supports an optimal vitamin C in-
take of at least 200 mg/d, with 400 mg/d required to

reach near-maximal plasma vitamin C levels.67 Focusing
on high vitamin C food sources would be required to

achieve this. There is little evidence to recommend vita-
min C supplementation beyond this amount in preg-

nancy. Vitamin C is actively transported to the fetus via
the umbilical cord,16 so excess maternal intake may lead

to elevated fetal plasma concentrations. Despite this, the
United States maintain the tolerable upper limit in

pregnancy at 2 mg/d.15

VITAMIN D

Vitamin D deficiency, defined by the WHO as
<50 nmol/L, is found in pregnant women globally, with

figures ranging from 35%–77% in Northern Europe to
33% in the United States and 70%–90% in Middle

Eastern counties.68 Deficiency has been associated with
a number of negative pregnancy outcomes, including

preeclampsia, gestational diabetes mellitus (GDM),
emergency cesarean section delivery, low birth weight,

and SGA.69 There is also an association between
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vitamin D deficiency and postpartum depression, with a

2.67 times risk with vitamin D levels <50 nmol/L.70

Vitamin D is an important immunomodulatory,

and dysregulation of the immune system may play a
role in recurrent pregnancy loss. An increase in T

helper 1 and T helper 17 cell activity may increase risk,
whereas promotion of T helper 2 cell populations may
infer protection and vitamin D may play a direct role

here.71 Recurrent pregnancy loss affects 1%–2% of re-
productive women and studies show an association

with vitamin D deficiency.72 Vitamin D level, therefore,
may be an important clinical consideration, particularly

as recurrent pregnancy loss is often unexplained.
Supplementation with 4000 IU in pregnancy has

been shown to reduce the risk of asthma in the off-
spring, particularly in the most deficient mothers.73 A

Cochrane review and meta-analysis determined that,
despite the associations, intervention with vitamin D

supplementation did not decrease the incidence of pre-
eclampsia, GDM, SGA, low birth weight, preterm birth,

and cesarean section although it did have a positive ef-
fect on birth weight.74 The included studies were het-

erogeneous in dosage, duration, and gestational age at
commencement, which was an important limitation

given that supplementation likely took place after the
biochemical processes of many of these conditions had

begun. Importantly, they did not account for baseline
vitamin D status, seasonality, diet, ethnicity, and skin

characteristics.
The recommended intake for pregnancy is a highly

conservative 600 IU in both the EU and the United
States.7,18 There have been no published reports of tera-

togenic effects of vitamin D in humans.
Supplementation with 1500 IU/d in pregnant and lactat-

ing women has been shown to raise blood levels of 25-
hydroxyvitamin D consistently above 75 nmol/L.20 The

tolerable upper limit for pregnant women is 4000 IU,
and this has been found to be safe with multiple safety

assessment methods and more effective than lower
doses in restoring sufficiency.18,19 Testing serum levels
of 25-hydroxyvitamin D is the ideal way to tailor rec-

ommendations, ensuring that those who are deficient
receive personalized vitamin D supplementation. This is

not always available as a routine test and thus consider-
ations might include sun exposure, time of year, resi-

dence at high latitude, and race.17

VITAMIN E

As a fat-soluble antioxidant, vitamin E is proposed to be
protective in conditions of oxidative stress, including

preeclampsia, intrauterine growth restriction, and pre-
mature rupture of the membranes.75 Vitamin E also

mediates the release of prostacyclin, and levels of both

vitamin E and prostacyclin increase with gestational

age.76 This may play a role in inhibiting uterine
contractions and platelet aggregation and increasing va-

sodilation. Low plasma concentrations of alpha-
tocopherol have been associated with increased risk for

SGA,77 preeclampsia, GDM,78 and miscarriage.79 A
Cochrane review of intervention studies does not cur-
rently support a role for vitamin E supplementation in

any of these conditions.75 Baseline vitamin E status was
not measured in any of the included studies, and popu-

lations that were assumed replete were grouped with
populations with suspected inadequacy.

Other smaller studies have shown that vitamin E
supplementation may be useful in the prevention of

pregnancy-related leg cramps at a dose of 100 mg/d.80 It
may also play a role in preventing wheezing illness or

asthmatic disease in children when supplemented at a
conservative dose of 8–18 mg/d.81

The recommended daily intake of vitamin E for
pregnancy is 11 mg in the EU7 and 15 mg in the United

States.15 Good sources include nuts and seeds, with
highest levels in almonds and sunflower seeds, avocado,

spinach, and eggs. Intake of 12–15mg alpha-tocopherol
per day has been shown to maintain adequate vitamin E

status in healthy adults.82

No adverse events related to vitamin E supplemen-

tation have been documented in well-controlled clinical
trials with the exception of a possible effect on coagula-

tion at a dose of 540 mg/d, leaving the tolerable upper
limit set at 300 mg/d in nonpregnant and pregnant

women alike in the EU and 1000 mg/d in the United
States.4,15 Additional risk may apply in vitamin K–defi-

cient individuals, and this safe upper limit does not ap-
ply to those on anticoagulant medications or suspected

to be deficient in vitamin K due to malabsorption or re-
duced synthesis by gut flora.

VITAMIN K

Vitamin K is required for the biological activity of a
number of coagulation factors, but no studies have

assessed maternal bleeding as an outcome of vitamin K
supplementation.83 Neonates have a relative vitamin K

deficiency at birth owing to limited synthesis of the vita-
min in the gut, and it is important to note that maternal

supplementation during pregnancy does not negate the re-
quirement for intramuscular vitamin K administration to

prevent hemolytic disease of the newborn.83,84 Vitamin K
is also essential for bone formation, either by direct inter-

action with receptors on osteoblasts or by supporting
osteocalcin-/vitamin D-mediated mineralization.85

Vitamin K2 at 45 mg/d has been used as a safe treat-
ment option in a case series of pregnancy-associated

osteoporosis.86
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Recommended intake is set at 70 mg/d in the EU7

and 90mg/d in the United States.6 The best sources of
dietary K1 are dark-green leafy vegetables and vegeta-

bles of the brassica family such as broccoli, Brussels
sprouts, and kale.7 Vitamin K2 is found in small

amounts in animal products but primarily produced by
colonic bacteria and bacteria in fermented foods.87

There is no known toxicity for vitamin K2, and no tol-

erable upper level has been set for either K1 or K2 in
pregnancy as there have been no studies on reproduc-

tive or teratogenic risk.4

MYO-INOSITOL

Myo-inositol is a small sugar molecule considered part
of the B vitamin family. Much research has focused on

the role of myo-inositol as an insulin-sensitizing agent
in polycystic ovary syndrome88 and in improving oo-

cyte quality and outcomes of assisted reproduction.89

Myo-inositol also has a functional role in mamma-

lian gametogenesis and embryonic development.90 As
phosphatidylinositol, it plays a role in the closure of the

neural tube. In mothers with a previous history of neu-
ral tube defects in pregnancy, 5 mg periconceptional fo-

lic acid plus 1 g myo-inositol has been shown in pilot
studies to be superior for reducing risk compared with

folic acid alone.21 Further large-scale trials are war-
ranted here to improve neonatal outcomes.

Another important role for myo-inositol is in pre-
venting GDM. The prevalence of GDM ranges from

5.8% in Europe to approximately 10% worldwide.91

Adverse outcomes include preeclampsia, preterm deliv-

ery, macrosomia, birth injury, and increased fetal and
neonatal death. The risk for the mother of developing

type 2 diabetes postnatally is well known, although the
prevalence is extremely difficult to measure given varia-

tions in diagnostic techniques and wide variations in
follow-up duration from months to many years. Six

studies in the EU with >5-year follow-up yielded an av-
erage incidence of 16.5%.91 Two Cochrane reviews have
been published by the same group which analyzed myo-

inositol supplementation in pregnancy at doses of 2–
4 g/d. The first, in 2015, indicated that antenatal supple-

mentation with myo-inositol reduces the risk of devel-
oping GDM by more than half, though the risk of bias

was unclear.22 The second review analyzed the use of
myo-inositol as a treatment for diagnosed GDM, show-

ing low-grade evidence for an effect on improved glu-
cose metabolism and reduced maternal weight gain.92

Dietary myo-inositol is widely found in plant foods,
and usual intakes range from approximately 115–1500

mg/d depending on the quantity of plant-based foods
consumed.93 As a supplement, myo-inositol is consid-

ered safe in humans at the typical clinical dose of 4 g/d.23

The only adverse effects identified were at 12 g/d, which

included nausea, diarrhea, and flatus. No adverse mater-
nal or neonatal outcomes have been reported from ante-

natal supplementation.94 Given that this supplement is
widely available and has a good safety profile, it is imper-

ative that further studies are carried out to confirm its
benefits in GDM given the high incidence and associated
morbidity of this condition.

CHOLINE

Choline is a vitamin-like nutrient that is required to syn-

thesize cell membrane phospholipids and neurotransmit-
ters and is critical for embryonic development, in

particular brain development.95 Along with folic acid,
choline is involved in 1-carbon metabolism and is re-

quired in the conversion of homocysteine to methionine.
Low dietary intake and serum levels of choline have been

associated with increased risk for neural tube defects in-
dependent of folate intake.96,97 As a methyl-donor, cho-

line supplementation during the third trimester of
pregnancy has been shown to epigenetically modify ex-

pression of cortisol-regulating genes, which may alter the
hypothalamic-pituitary-adrenal axis of the child and im-

pact stress reactivity.98 Moreover, supplementation in the
second trimester has been shown to be related to im-

proved sensory gating, proposed to be associated with
later attention deficits and psychological disorders.99

The recommended intake of choline is lower in the
United States, at 450 mg/d,9 while the European Food

Safety Authority states a value of 480 mg/d, noting, how-
ever, that further study is required to determine whether

there are increased requirements in the second half of
pregnancy.7 It is also worth noting that common genetic

variants in the choline and folate pathways may lead to
increased requirements.24 Choline is predominantly

sourced in the diet and present in a wide variety of foods
from animal-source meat, fish, dairy, and eggs to beans,

cruciferous vegetables, nuts, and seeds.100 There are no
known adverse effects of choline when consumed at lev-
els below the recommended upper intake level of

3500 mg/d for adults, which is the level set in the EU and
United States.9 A dose of 930 mg/d in the third trimester

was found to improve maternal and fetal biomarkers of
choline metabolism with no adverse effects.101 The cho-

line and betaine metabolite trimethylamine N-oxide has
been controversially implicated in cardiovascular disease;

however, there is no association between dietary choline
or betaine and cardiovascular disease.102

CALCIUM

The role of calcium in bone mineralization is well

known and this is widely recognized as an important
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consideration in pregnancy for both fetal bone mineral-

ization and to prevent a reduction in maternal bone
density in pregnancy and postpartum. Supplementation

at 1200 mg calcium carbonate per day was found to
markedly reduce bone resorption in pregnant women

and at 1 month postpartum,103 and at 2000 mg/d was
shown to increase bone mineral content in the neo-
nate.104 Maternal supplementation in pregnancy has

also been shown to reduce risk of dental caries in chil-
dren at age 12 years.105

Calcium is also a critical factor in regulating blood
pressure, via calcium-dependent hormones and the

renin-angiotensin pathway, which maintains cellular
calcium homeostasis.106 Calcium supplementation at 1–

2 g/d in high-risk populations is strongly recommended
by the WHO as a means of preventing preeclampsia.25

With regards to other pregnancy outcomes, one
Cochrane review concluded that supplementation does

not appear to prevent preterm birth but may have mod-
est effects in preventing low infant birth weight.26

Recommended intake in pregnancy is 1000 mg/d in
both the EU and the United States.7,18 Globally, most

countries fall below this level, except for a small number
of northern European countries.107 The most common

source is dairy products, but dairy intake may be avoided
by certain individuals because of intolerance or dietary

choices such as veganism. Other good sources include
nuts, tofu, tinned fish with bones, and also dark-green

vegetables, although absorption is hindered in the latter
by oxalate. Calcium absorption is also dependent on

vitamin D status.108 Given the aforementioned preva-
lence of vitamin D insufficiency, both calcium intake and

calcium absorption are important considerations.
Pregnant women should be counseled to increase

dietary calcium intake, and in cases where intake is sub-
optimal or dairy is excluded from the diet, supplemen-

tation may be recommended.109 A number of large
placebo-controlled trials using supplementation up to

2500 mg/d, exclusive of dietary intake, have shown no
adverse effects in pregnancy.109 Increased cardiovascu-
lar risk with calcium supplementation is controversial

and not well supported.110 Most studies examine risk
between 500 mg/d and 1 g/d of calcium, but no risk is

assumed with supplementation in generally healthy
adults below the tolerable upper limit of 2500 mg/d, as

set in the EU and United States.4,18,111

IODINE

Iodine is an essential nutrient for fetal growth and de-
velopment, which may be widely misunderstood by the

general population. Iodine is required for thyroid hor-
mone synthesis, and delivery of thyroxine via the pla-

centa is essential until fetal synthesis is sufficient at

approximately 17–19 weeks’ gestation.112 Even subclini-

cal hypothyroidism can double the risk of miscarriage
and neonatal death.113,114 Reduced maternal thyroid

function and maternal iodine deficiency have been as-
sociated, in a number of large-scale studies, with im-

paired neurodevelopment, cognitive development,
behavioral issues, learning skills, and intelligence quo-
tient in children.115–118

Given these important findings, there has been
much debate as to whether broad guidelines recom-

mending iodine supplementation in pregnancy should
be issued. Some countries, such as Australia and New

Zealand, recommend intake of 150 mg/d for all pregnant
women.119 However, there are risks to over-

supplementation in populations that may be replete.
Excessive iodine intake may cause alterations in thyroid

function, inducing hypothyroidism or hyperthyroidism
in some, particularly those with antithyroid antibod-

ies.120 These risks are mostly associated with a sudden
increase in iodine intake in those with thyroid disease

and are unlikely to occur with moderate increases in
normal pregnant women. Excess intake, however, has

also been linked with impaired child neurodevelopment
where supplementation at 150 mg/d was analyzed in a

replete population in Spain.121

The recommended daily intake in pregnancy is

200 mg in the EU7 and 220 mg in the United States.6 The
best sources are nonorganic dairy, eggs, freshwater fish,

and iodized salt in countries where it is fortified.7 Urine
iodine clearance should increase in pregnancy from an

optimal 150 mg/L to between 150 and 249 mg/L.122 It
would be ideal to measure thyroid function, including

presence of antibodies along with urine iodine levels, in
order to safely tailor supplementation. However, this is

difficult in pregnant women, though an estimation
might be achievable.120,123 Where testing is not practi-

cal, dietary questioning is useful. Where dairy is
avoided because of intolerance or choice, and in vegans

who avoid eggs and fish also, iodine supplementation is
usually required.4 A dose of 200 mg/d of supplemental
iodine in mildly iodine-deficient pregnant women

increased iodine intakes into the sufficient range of
150–249 mg/L,124 where other studies have shown that

initiating 150mg/d during pregnancy is insufficient to
reach this level.125–127 The WHO recommends supple-

menting with 250 mg/d for pregnant women in coun-
tries without access to iodized salt.128 Ideally,

supplementation in deficient women before conception
would help to optimize status during pregnancy.129 It is

important to note that where testing is not available,
over-supplementation should be cautioned. The tolera-

ble upper limit of 600 mg/d in the EU,4 and even higher
at 1100 mg/d in the United States,6 is herein considered

excessive given the high incidence of thyroid disease.130
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IRON

Prevalence of iron deficiency is difficult to estimate

given that there is poor distinction in some studies be-

tween iron-deficiency anemia and other forms of ane-

mia. The WHO estimates the prevalence of anemia

worldwide to be 41.8% in pregnancy, with approxi-

mately half of these cases attributed to iron defi-

ciency.131 Iron-deficiency anemia during the first 2

trimesters in pregnancy is a risk factor for preterm labor

and low birth weight and predicts iron deficiency in

infants.132–134 A Cochrane review of the evidence has

shown that iron supplementation can restore sufficiency

and resolve anemia, but the evidence is unclear for

other maternal or neonatal outcomes.135

Routine supplementation is not recommended as
there are risks to elevated iron status also including

impaired immunity, and evidence exists for a U-
shaped curve with regards to iron status and both pre-

term labor and SGA.27,28 It is important to add that
hereditary hemochromatosis is a relatively common

genetic condition, especially in Europe, which often is
not clinically relevant or diagnosed until after

pregnancy.136

The recommended intake is 16 mg/d in the EU7

and higher, at 27 mg/d, in the United States.6 All preg-
nant women should be counseled to increase dietary in-

take and optimize absorption. Heme iron – found in
red meat, for example – has higher bioavailability, while

in contrast, non-heme iron – found in plant sources
such as legumes, nuts, and dark-green vegetables – is

poorly absorbed. Vitamin C as ascorbic acid increases
iron absorption from non-haem iron sources, while

phytic acid in cereals, grains and legumes inhibits iron
absorption.137

In pregnancy, a woman is considered anemic if her

hemoglobin is <110 g/L in the first or third trimester or
<105 g/L in the second trimester.138 When supplement-

ing, oral iron should result in an increase in hemoglobin
within 2 weeks to be considered confirmation of iron de-

ficiency.139 There is no tolerable upper limit set for iron
in the EU given sparse evidence regarding risk for seri-

ous adverse events, excluding those individuals with
hereditary hemochromatosis, who should avoid supple-

mentation.4 Side effects, including gastrointestinal dis-
comfort, nausea, and constipation, are commonly

reported at levels of 40–50 mg/d, and the tolerable upper
intake in the United States, of 45 mg/d, is based solely on

this.6 These are common complaints in pregnant women
and iron supplementation may exacerbate discomfort.

Intermittent (doses >80 mg weekly) rather than daily
iron (doses >40 mg/d) supplementation is less likely to

cause side effects.140 Iron glycinate chelate at 15–25 mg/
d is also better tolerated and is significantly more

effective for treating iron deficiency in pregnant women

than ferrous sulfate at doses of 40–50 mg/d.141–143

MAGNESIUM

Magnesium may inhibit preterm uterine contractions
via calcium antagonism, and deficiency has been associ-
ated with increased risk of preterm labor or preterm

birth.144 Via this mechanism, magnesium supplementa-
tion may also be helpful for leg cramps.145

Magnesium also inhibits angiotensin II and has a
vasodilatory effect. Intravenous magnesium sulfate is

recommended in the treatment of preeclampsia, and
lower magnesium levels have been observed in women

with hypertensive disorders of pregnancy.146 A ran-
domized controlled trial showed that supplementation

of 300 mg magnesium citrate per day, when com-
menced at 25 weeks’ gestation, reduced the incidence of

high blood pressure at 37 weeks.147 In another study,
supplementation in magnesium-deficient pregnant

women at 300 mg/d significantly reduced multiple ma-
ternal and fetal outcomes, including preeclampsia, in-

trauterine growth restriction, preterm birth, low birth
weight, and Apgar score below 7.148

Magnesium is involved in multiple steps of the in-
sulin signaling pathways and impairment of magne-

sium-dependent channels is a proposed mechanism in
GDM.149 Supplementation in deficient pregnant

women, at 250 mg/d for 6 weeks, significantly improved
glucose control and insulin secretion, whereas the pla-

cebo group worsened over time.150 Combined with
vitamin E supplementation in another study, similar

effects were observed with glucose control, insulin se-
cretion, and homeostatic model assessment index, along

with an improvement in serum lipids, although magne-
sium deficiency was not well established in this study

group.151

A Cochrane review of clinical trials concluded that

magnesium supplementation during pregnancy cur-
rently lacks strong evidence for maternal and child out-
comes.152 However, this review has been criticized for

excluding several studies that demonstrate benefit such
as reduced frequency of spontaneous abortion, prema-

ture deliveries and pregnancy complications.153 In addi-
tion, it may be that magnesium supplementation is

most effective for sub-groups with magnesium defi-
ciency. Many studies utilize serum magnesium to mea-

sure adequacy which is highly unreliable and in turn
reduces the power of meta-analyses.144

Accurate measurement of magnesium deficiency is
challenging, but dietary analyses show that over half of

women aged 19–50 years in the United States and
United Kingdom do not meet the average require-

ments.29,30 The recommended intake for pregnant
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women is 300 mg/d in the EU11 and 350 mg in the

United States.31 Good sources include nuts and seeds,
legumes and whole grains. As a supplement, magne-

sium is considered very safe, with a tolerable upper
limit for supplementation without side effects at

250 mg/d set in the EU4 and a higher level of 350 mg/d
in the United States.31 Side effects over 350 mg/d in-
clude mild diarrhea, which is reversible, and doses

should be divided to minimize this. Toxic hypermagne-
semia, which may present as hypotension or muscular

weakness, is only seen at oral doses >2500 mg/d,4 al-
though caution is advised where amounts absorbed are

unclear – as in magnesium enemas or high doses of
magnesium-based laxatives or antacids.

ZINC

Zinc is required for the activity of over 300 enzymes

and is essential for life, growth, and development.154

Zinc-dependent enzymes and zinc-finger transcription

factors play a critical role in deoxyribonucleic acid rep-
lication, cell proliferation, and gene transcription. Zinc

deficiency can impair child growth and development,
increasing risk of retardation or SGA and influencing

the phenotype such that many features of fetal alcohol
syndrome can be related to the impaired zinc metabo-

lism caused by alcohol.155 Zinc deficiency in neonates
may increase risk for infection and cause dermatitis.

Early neonatal brain development is especially sensitive
to zinc deficiency.156

Intervention studies with zinc supplementation
have shown mixed outcomes, with the most marked

results evident with growth, including lean-tissue and
bone growth, and survival in zinc-deficient populations

or low-income populations.157–160 Zinc supplementa-
tion has also been shown, in small randomized con-

trolled trials, to improve glucose metabolism and
reduce C-reactive protein in women with GDM when

supplementing with 30 mg elemental zinc.161,162 Zinc
has been proposed as a safe alternative to oral antibiot-
ics, retinoids, and corticosteroids for the treatment of

acne in pregnancy.163

Zinc absorption is markedly affected by the phytate

content of the diet. The recommended intake has there-
fore been designated a range in the EU from 9.1 mg in a

very low phytate diet (high meat, low grains or cereals,
low legume intake) to 14.3 mg in a high phytate diet

such as vegetarian, vegan, or low meat diet.7 The US
level is set at 11 mg/d, although it is noted that the

requirements may be 50% higher in vegans.6 It is also
important to note that low meat diets may exist in low-

income populations. The tolerable upper limit is set at
25 mg/d in the EU and 40 mg/d in the United States, al-

though no studies have shown adverse reproductive

effects up to 90 mg/d.4,6 Zinc exposure has not been

found to be teratogenic; on the contrary, adequate zinc
intake may prevent teratogenesis.164

OMEGA-3

Omega-3 fatty acids are essential in many aspects of
health and play an important structural role in cell

membranes. A large number of studies have linked op-
timal omega-3 intake with positive fetal and maternal

outcomes. Docosahexaenoic acid (DHA), in particular,
is a critical component of cell membranes in the brain

and retina and is essential for fetal development; fetal
DHA accretion is markedly increased in the third tri-

mester.165 Maternal omega-3 supplementation has been
shown to improve short- and long-term neurodevelop-

ment and visual acuity.166 In several reviews and meta-
analyses, supplementation has also been shown to in-

crease birth weight and length of gestation and reduce
risk of early or preterm delivery.32,167,168

Low maternal omega-3 levels have also been associ-
ated with higher risk of postpartum depression and

negatively correlate with the Edinburgh Postnatal
Depression Scale score, although clearly this is only one

of many factors in the etiology.10,169 A 2013 Cochrane
review showed that there was no benefit to omega-3 or

DHA supplementation in pregnancy in reducing risk of
postpartum depression.170 A more recent and compre-

hensive meta-analysis identified mixed results that may
depend on baseline status and predisposition or preex-

isting maternal depression.169 A small randomized con-
trol trial in a low-income population showed reduced

stress hormone output and stress responses in pregnant
women after supplementation with DHA.171

Owing to its critical immunomodulatory role, ma-
ternal omega-3 supplementation has also been shown to

improve the immunological health of offspring. The risk
of atopic eczema and likelihood of having a positive skin

prick test to any allergen tested or to any food extract
was markedly reduced.172 In another trial, incidence of
asthma, persistent wheeze, and lower respiratory tract

infections was also markedly reduced.173

The best sources of omega-3 fatty acids, including

DHA, are oily fish such as salmon, mackerel, herring,
anchovies, and sardines. Pregnant women should be

counseled to increase fish intake during pregnancy.
However, caution is advised owing to levels of contami-

nants in high-fat fish, such as dioxins and dioxin-like
compounds, which may have detrimental effects on the

developing fetus.174 Wild Pacific salmon is lower in
these compounds than farmed European or wild

Atlantic salmon, but intake should still be limited to
1 portion per month. To achieve the benefits of omega-

3 in pregnancy, a supplement of at least 200 mg of DHA
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per day could be used, but a good-quality supplement

that has been tested for contaminants and dioxins
should always be selected.175,176

The recommended intake for DHA has not been
officially established in the United States, but recom-

mendations put forward are similar to the EU value of
250 mg/d with an added 200 mg of DHA in preg-
nancy.7,33 This would equate to 1 portion of wild Pacific

salmon or other oily fish plus 200 mg daily DHA sup-
plementation. One meta-analysis suggested that studies

demonstrating the greatest efficacy on birth outcomes
have used doses in the range of 1–2 g of omega-3 per

day,177 and this may be required in individuals with
chronic low intake of fish. In clinical trials, no harmful

effect on the mother or the neonate has been observed
with doses up to 2.7 g/d.32 Potential adverse effects in-

clude mild gastrointestinal disturbances such as un-
pleasant breath or bad taste and mild reflux.178

CONCLUSION

This review sets out recommendations for safe and ef-

fective supplementation in pregnancy. Pregnant women
should be counseled to focus on a well-balanced diet

and important sources of particular nutrients.
Supplementation may benefit certain individuals who

avoid certain food groups such as meat or animal prod-
ucts, or who are at greater risk of deficiencies. In addi-
tion, incidence of negative maternal and fetal outcomes

may be reduced in high-risk pregnancies. Given the
high burden of pregnancy complications, nutritional

supplementation is a safe and cost-effective way to re-
duce risk of outcomes such as preeclampsia, GDM, and

SGA, amongst others.
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