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Micronutrient deficiencies are prevalent and co-occurring among pregnant women in low- and middle-income
countries (LMIC). To prevent and treat deficiencies, antenatal vitamin and mineral supplements are the most com-
mon interventions during gestation. With most micronutrients, there can be health risks when intake regularly
exceeds a high amount, and an upper threshold value set by the United States and Canada, the World Health Orga-
nization, and other groups is commonly called an upper intake level (UL). This review summarizes what is known
about risks in pregnancy when ULs are exceeded and assesses the potential risk of exceeding the UL if a pregnant
woman is taking a multiple micronutrient supplement. Overall, there is limited information on pregnancy-specific
risks from excess intake. When assuming high dietary intake plus the amount in a standard multiple micronutrient
supplement (with 30 mg of iron), only niacin and iron would be expected to slightly exceed the UL. Known risks
for this level intake for each nutrient are transient and mild.
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Introduction Micronutrient status is of particular importance
during pregnancy when the fetus and placenta
are growing, the mother is going through a wide
range of physiological changes to support the preg-
nancy, and mammary glands are developing for
lactation.? The widespread prevalence of deficien-
cies in micronutrients*” and the enormous benefits
of antenatal supplementation are well known.*” The
United Nations International Multiple Micronu-
trient Antenatal Preparation (UNIMMAP) sup-
plement has been the most commonly produced
and tested in pregnancy in low-resource settings.®
Although the public health burden clearly rests with
deficiency, as we work to prevent deficiencies glob-
ally we must be diligent in preventing the risk of
excess intake when food, fortified food, and supple-
ments are regularly consumed. This review broadly
discusses the risks of excess micronutrient intake
in pregnancy and specifically focuses on the poten-
tial risks when a UNIMMAP supplement is con-
sumed daily. The work was conducted as part of a
task force organized by the New York Academy of

The science of nutrition includes investigating the
level of nutrients and energy needed for health
across age, biological sex, and physiological status.
Originally, vitamins were discovered by identify-
ing that some components of foods, only present
in small amounts, could be essential for life. From
beriberi to scurvy to rickets, the earliest focus on
micronutrients stemmed from the morbidity and
mortality that resulted from not getting enough.
Thankfully, there are many mechanisms to pre-
serve nutrient status across a wide range of intake.
Compensatory actions in the human body include
increased or decreased absorption, excretion, and
storage—homeostatic mechanisms that are altered
in pregnancy in response to the increased need
for and use of micronutrients. In general, there
is a higher risk of excess from minerals and fat-
soluble vitamins (more likely to be absorbed and
stored) compared with water-soluble vitamins (lim-
ited absorption and easier to excrete).
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Sciences and commissioned by the Bill & Melinda
Gates Foundation.

Essential micronutrients

Nutrients are substances found in food or water
that are needed for functions of life includ-
ing metabolism, growth, repair, and reproduction.
Essential nutrients are those that the human body
cannot produce (or cannot produce enough of) and
that people must obtain externally to live. Broadly,
these are grouped as carbohydrates, protein, lipids,
water, vitamins, and minerals. Nonessential nutri-
ents and other food compounds, such as phyto-
chemicals, can have a beneficial impact on health
even though there is no overt requirement. For
every essential nutrient, there is a healthy range
in which a person does not get too little or too
much, and this range is different across age, sex, and
physiological status. It is a huge challenge of nutri-
tional science to estimate this range, and in par-
ticular, there are sparse data on pregnant women.
Adverse effects of deficiency and toxicity are par-
ticularly difficult to assess for micronutrients: some
are not yet known, some are hidden because assess-
ment is impossible or too invasive, and some are
not measured because of the high cost. These issues
are exacerbated in pregnancy owing to concerns
for the developing embryo/fetus and the inability
to assess the fetus directly in utero. Answering the
question of how much is also complicated by the
different chemical forms of nutrients, the matrix of
food, the timing and amount of individual doses,
the source (e.g., food versus water), and the size
and metabolism of an individual. Further, many
micronutrients have overlapping functions.

As it stands, micronutrient deficiencies are com-
mon yet challenging to assess. They are called “hid-
den hunger” because individuals can look healthy
while lacking essential vitamins and minerals. In
addition, thirst and hunger mechanisms do not
drive desire specifically for foods high in micronu-
trients. Because pregnancy is such a critical life
stage, irreparable harm can occur when micronu-
trients are lacking. As micronutrient-poor diets are
common globally in women of reproductive age,
the most common strategy for getting essential vita-
mins and minerals to pregnant women has been
through supplementation. Less is known and doc-
umented on high intake of micronutrients during
pregnancy.

Micronutrient upper levels in pregnancy

Upper intake levels in pregnancy

In an effort to assess individuals and populations,
recommendations for average daily intake—both
enough and too much—have been established by
individual countries, groups, and the World Health
Organization (WHO). Considerations around
toxicity are similar for nutrients and non-nutrient
environmental exposures (e.g., carcinogens), with
the key exception that essential nutrients are not
only beneficial in lower amounts, but they are also
indispensable. It is important to note that values are
set for healthy people with good baseline micronu-
trient status, which is often not true for women
in low- and middle-income countries (LMIC).
Upper intake levels (ULs) may be used to guide
clinical care but can be different when health care
professionals are monitoring status and side effects
closely. Particularly, when a pregnant woman has a
known micronutrient deficiency (commonly iron),
intakes above the UL may be needed during a
limited timeframe to correct the deficit.

The U.S. and Canada upper intakes

The United States and Canada jointly devel-
oped a set of references known as the dietary
reference intakes (DRIs), the model for which
was established in the 1990s.° These values were
intended to expand the original recommended
dietary allowance (RDA), and establish rigorous
methods to determine values for consistency. Ahead
of this model, there was only an RDA and little
framework to determine how much was too much.
The tolerable UL was established as the “highest
level of continuing daily nutrient intake that is likely
to pose no risk of adverse health effects” (Box 1).!
Not all nutrients have a UL—it is critical to note
that lack of a UL can be due to lack of data on risk,
not the lack of risk itself. To set the UL, the adverse
effect is broadly defined and can include a mild,
reversible effect or a negative impact on another
nutrient. With regard to risk to a person, the risk is
considered to increase as intake increases above the
UL; in other words, the UL is not simply a thresh-
old in which risk is equally high at all levels when
crossed.

Importantly, the UL may be set based on all
intake from food, water, and supplements or based
on supplements and fortified food sources alone,
depending on the data that established the risk.
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Box 1. Opening paragraph for the UL section in the DRI reports'—

“The Tolerable Upper Intake Level (UL) is the highest level of daily nutrient intake that is likely to pose no risk
of adverse health effects in almost all individuals. Although members of the general population should be
advised not to exceed the UL for [micronutrient] routinely, intake above the UL may be appropriate for
investigation within well-controlled clinical trials. In light of evaluating possible benefits to health, clinical
trials of doses above the UL should not be discouraged, as long as subjects participating in these trials have
signed informed consent documents regarding possible toxicity, and as long as these trials employ appropriate
safety monitoring of trial subjects. Also, the UL is not meant to apply to individuals who are receiving

[micronutrient] under medical supervision.”

Table 1. Sources of micronutrients considered in estab-
lishing the tolerable upper intake levels (ULs) set by
the Institute of Medicine for the United States and
Canada'~>*!

Naturally
occurring
in food

Fortified
Micronutrient Water foods
Vitamin A
Thiamin
Riboflavin
Niacin
Vitamin B6
Vitamin B12
Folate
Vitamin C
Vitamin D
Vitamin E
Copper
Selenium

Supplements

ULs
ULs

ULs ULs

ULs

Todine
Iron
Zinc

ULs ULs

“From intake of preformed vitamin A or retinol (not to include
beta-carotene).

NotE: Green shading indicates that the source is considered safe
with no reports of adverse effects from intake of that source.
Gray shading indicates that the source lacks specific data related
to excess, was not considered, was not specified in the Institute of
Medicine (IOM) report, or does not exist in typical environments
(e.g., water).

Orange shading indicates that the source was associated with
adverse effects.

Green/orange (UL) shading indicates that the source was consid-
ered safe, but it is included as part of total intake for the UL.

Table 1 shows the sources considered when estab-
lishing the UL. For all micronutrients with a UL,
supplements are the main risk for excess consump-
tion. For all vitamins except vitamins A and C, nat-
urally occurring food sources do not count toward
exceeding the UL. For minerals, food sources are
typically considered safe but are included as part

of a total intake of the nutrient. In several cases,
sources were not clearly specified in Institute of
Medicine (IOM) reports or data did not exist from
those sources (gray shading in Table 1).

While the RDA is based on the same mathe-
matical model for all nutrients, the UL is based
on a risk assessment framework, which does not
lend itself to a single model.!® There are many
uncertainties considered in risk assessment that fall
into two main categories—data and inferences. In
the case of nutrients, there can be uncertainties in
data from observational studies or patient cases and
there can be inferences made when studies are con-
ducted on animal models. Overall guidelines for
nutrient uncertainties have been detailed by the
DRI committee,'? and specifics for each nutrient are
within individual DRI reports. A goal of the pro-
cess is to identify a no-observed-adverse-effect level
(NOAEL). The NOAEL should be the highest intake
at which no adverse effects have been observed.
However, it is not always possible to set a NOAEL
directly, and instead, the lowest-observed-adverse-
effect level (LOAEL) is assessed and the NOAEL is
estimated using an uncertainty factor (UF). Alter-
natively, a UF is set to estimate the UL directly
from the LOAEL. UFs are higher when the uncer-
tainty is greater. From a combination of the NOAEL,
LOAEL, and UE a UL is derived. Table 2 summa-
rizes the considerations and values leading to the
ULs for key vitamins and minerals. It is important
to note that essentially all risk assessment data, with
the exception of vitamin A, are based on nonpreg-
nant human adults (or animal models) and applied
to pregnancy.

World Health Organization upper intakes

The WHO established ULs for nutrients where suf-
ficient information was available as the “maximum
intake from food, water, and supplements that is
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Table 2. Factors considered in establishing the tolerable upper intake levels (ULs) set by the Institute of Medicine

for the United States and Canada!~>?!

Uncertainty factor

Micronutrient (UF)

Reason for UF LOAEL

NOAEL

Vitamin A? 1.5

Thiamin ND
Riboflavin ND
Niacin 1.5

Vitamin B6 2.0

Vitamin B12 ND

Folate 5

Vitamin C 1.5

Vitamin D 2.50

Vitamin E 36

Copper 1.0

Selenium 2

Todine 1.5

Interindividual variability in ND
susceptibility; higher UF not
justified owing to substantial data
showing no adverse effects at doses
up to 300 pg/day

ND ND

ND ND

Transient nature of flushing; smaller 50 mg/day
UF not justified because it is
applied to LOAEL (not NOAEL)

Limitations of the data involving 500 mg/day
pyridoxine doses <500 mg/day

ND ND

Severity of neurological 5 mg/day
complications; use of LOAEL
(rather than NOAEL)

Mild, reversible nature of osmotic 3 g/day
diarrhea and low uncertainty of
dose range that causes it

Uncertainties of risks related to ND
all-cause mortality and chronic
diseases

Several sources of uncertainty were 500 mg/kg body
weight/day

(~1000 mg/day)

used: UF of 2 to extrapolate
LOAEL to NOAEL; UF of 2 to
extrapolate from subchronic to
chronic intake; UF of 3 to
extrapolate from experimental
animals to humans; UF of 3 to
account for interindividual
variation in sensitivity. Final UF =
2X2 X 3X3 =36

NOAEL considered to be protective = ND
of the general population; larger
UF not justified owing to a large
database in humans indicating no
adverse effects from daily
consumption of 10—12 mg/day

To protect sensitive individuals; the ND
toxic effect is not severe, but may
not be reversible, so UF should be
>1

Little uncertainty regarding the range 1700 pg/day
of iodine intakes that are likely to
induce elevated TSH concentration
over baseline; UF does not need to
be higher because of a mild,
reversible nature of elevated TSH

4500 jg/day

ND
ND
ND

200 mg/day

ND

ND

Extrapolated from
LOAEL (2 g/day)

10,000 IU/day

Extrapolated from

LOAEL (250 mg/kg
body weight/day)

10 mg/day

800 jLg/day

Extrapolated from
LOAEL
(1000—1200
1g/day)
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Table 2. Continued
Uncertainty factor
Micronutrient (UF) Reason for UF LOAEL NOAEL
Iron 1.5 To account for extrapolation from 70 mg/day Extrapolated from
LOAEL to NOAEL; higher UF not LOAEL
used because of the self-limiting (45 mg/day)
nature of observed GI effects
Zinc 1.5 To account for interindividual 60 mg/day Extrapolated from

variability in sensitivity and for

LOAEL

extrapolation from LOAEL to
NOAEL; higher UF not justified
because reduced copper status is

rare

“Specific to women of reproductive age.

bUF calculated from NOAEL and UL but not specified in [OM report.
LOAEL, lowest-observed-adverse-effect level; NOAEL, no-observed-adverse-effect level; ND, not determined.

unlikely to pose the risk of adverse health effects
from excess in almost all (97.5%) apparently healthy
individuals.”!! ULs are based on long-term intake
and although they aim to mimic a “no observed
effect level” (NOEL) as used in toxicology, the data
to establish cut-points in this way for nutrients
are typically not available. In a few cases, 10 times
the reference nutrient intake (RNI) value is used
when there is little other information on adverse
effects. On the other hand, when some information
is available on adverse effects, a UF is used that
can be up to a 10-fold lowering of a level at which
adverse effects have been observed. Overall, ULs
set by the WHO were intended for population use.
While RNIs are clearly specified in the WHO report
of vitamin and mineral requirements, ULs are not
always delineated in the discussion of toxicity for
each nutrient.!! Future WHO recommendations
would be improved with specific UL values for
each age, sex, and physiological status, along with
information on the source of each nutrient that
informed the UL.

Role of upper levels in planning and
assessment

Each of the U.S. and Canadian-based DRI values has
guidance on how to use it for planning or assess-
ment for individuals or groups. For the UL, it was
designed for planning and assessment for individ-
uals, such that diets should be planned with intake
at or below this level and diets are assessed as hav-
ing the possibility of overconsumption if above the
UL. When assessing groups, the prevalence of those

at potential risk of adverse outcomes can be calcu-
lated as the percentage of a population with dietary
intake of a nutrient that is above the UL. This per-
centage is often overlooked or not reported owing
to the focus on deficiency and/or lack of informa-
tion on supplement intake;'*!* however, individual
country assessments are available in some cases.'*
Planning individual diet recommendations
should aim for intake from all sources to be below
the UL. For groups, the UL is most often needed in
planning population-level micronutrient interven-
tions, which are typically focused on supplements
or food fortification. Traditionally, the goal of
fortification is to achieve intake between the esti-
mated average requirement (EAR) and UL across
all groups of people consuming the fortified food
(including pregnant women),"” and software is
available to aid the process of minimizing defi-
ciency and excess specific to each setting.!® New
approaches have been recommended, such as using
a risk—benefit analysis to aid in decision making,
which could be particularly helpful when the EAR
and UL are not far apart or when risks of exceeding
the UL are low.!” More data on pregnancy will be
helpful to inform these population-level efforts.
Supplementation programs in LMIC are often
guided by WHO recommendations, which for
pregnant women currently include a recommenda-
tion for daily iron and folic acid supplements'® but
not multiple micronutrient tablets' or powders.*
The process of creating supplement recommen-
dations has included risk and benefit data from
randomized controlled trials of supplementation
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but does not follow the model for fortification that
aims to get the intake from all sources between the
EAR and UL.

Risks when exceeding the upper level in
pregnancy

In general, risks of excess in humans do not occur
from eating food with micronutrients that are nat-
urally present (Table 1).!7%2! Primary concerns of
excess come from micronutrient supplements; addi-
tional concerns can arise when food is fortified.
In the case of copper, concerns of excess in the
water supply also exist. Logical concerns for excess
micronutrient intake during pregnancy are different
from outside of pregnancy owing to potential risks
to the fetus as well as increases in nutrient absorp-
tion, plasma volume, and the glomerular filtration
rate of the kidneys. Yet, pregnancy-specific risk data
were not available at the time of publishing the cur-
rent ULs except for vitamin A (Table 3). Therefore,
current known risks of exceeding the UL in preg-
nancy are the same risks as in nonpregnancy plus
the risk from vitamin A. However, as the risk asso-
ciated with exceeding the UL is focused on chronic
intake, higher concerns during pregnancy are war-
ranted when women are taking a daily supplement
across gestation that is above the UL.

High intake of supplemental vitamin A is well
known for its risk of causing birth defects if taken
early in pregnancy.! The minimal dose found to
cause teratogenicity is 10,000 IU per day, which
would only be possible if a pregnant woman was
specifically taking high-dose supplements. How-
ever, caution is also warranted for nonpregnant
females taking retinoid acne medication, which can
cause the same adverse effect if pregnancy occurs
while being treated. For niacin, folate, vitamin B6,
and vitamin E, potential adverse effects detailed in
Table 3 are only due to intake from supplements and
are not pregnancy specific. The known risks asso-
ciated with excess folate are limited to those with
vitamin B12 deficiency (detailed further below).
Risks from high vitamin D also generically apply to
adults and are only due to supplements. Uniquely
among nutrients classified as essential, vitamin D
can be produced in the skin with sun exposure.
Excess amounts, however, do not occur from skin
production.

For several vitamins, including thiamin, ribofl-
avin, vitamin B12, and vitamin C, large supple-

Micronutrient upper levels in pregnancy

mental doses are well tolerated and there is little
to no documented risk in humans.'~ The low risk
is due to a limited capacity for gut absorption,
such that high doses are simply excreted without
being absorbed. There have been two anecdotal
case reports of offspring vitamin C dependence
when mothers took high doses late in pregnancy;
however, these reports were not substantiated
or corroborated by other evidence and were not
considered when setting the UL.?

Excess intake of minerals all have associated risks,
but none are pregnancy specific (Table 3). The stud-
ies on adverse effects are almost exclusively from
supplementation trials, yet different from vitamins,
total intake is considered for the UL. In the case of
iron, nausea and vomiting is an adverse effect doc-
umented in both pregnant and nonpregnant pop-
ulations (thus not included as a pregnancy-specific
risk). Overall, there is little to no risk from exceed-
ing intake of minerals from diet alone, and no
pregnancy-specific risks are currently known.

Micronutrient intake from diet and
potential to exceed the UL

Dietary intake of micronutrients is difficult to assess
in LMIC. Among the challenges, there are wide
regional differences and representative samples of
populations are hard to achieve. As well, many
countries do not have food composition tables and
inaccuracies occur from food substitutions. Two
reviews that compiled dietary intake information
in pregnant women globally and compared intakes
with the WHO EARs found that mean/median
intakes were low for iron, zinc, and folate for
most populations.'>!> On the other hand, some
mean/median intakes were higher than the EAR
for vitamin A, vitamin C, thiamin, riboflavin, and
niacin. In assessing risks of exceeding the UL, vita-
min C has a very high UL and is not likely to be
exceeded. The UL for niacin is based on intake from
synthetic forms, which is not likely to be the case
in these settings. For thiamin and riboflavin, there
is currently no UL set by the WHO or the United
States and Canada; and for vitamin A, the known
risks are only due to preformed retinol, which is not
likely to be the major contributor.

Several recent publications have begun to assess
and address the potential for excessive intake
when multiple programs and interventions over-
lap in a community, but these are not pregnancy
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Nutrient Risk(s) used to set the UL Other risks Pregnancy-specific risk
Vitamin A¢ Liver abnormalities (adults); Alcohol intake increases the toxicity Birth defects
birth defects (women of of vitamin A, including
reproductive age) hepatotoxicity; acute toxicity has
several transient effects, including
nausea, vomiting, and headache;
and bulging fontanel in infants
Thiamin N/A None identified None identified
Riboflavin N/A None identified None identified
Niacin? Flushing (can include Gastrointestinal effects, liver None identified
burning, itching, tingling, dysfunction, and glucose
and reddening) from intolerance (from nicotinic acid)
nicotinic acid that results
in someone reducing or
stopping supplementation
Vitamin B6 Sensory neuropathy None identified None identified
Vitamin B12 None identified None identified None identified
Folate® In B12-deficient individuals, Masking of pernicious anemia from
high folate can precipitate B12 deficiency
or exacerbate neurological
damage
Vitamin C Osmotic diarrhea and other None identified None identified (anecdotal
gastrointestinal effects report of fetal vitamin C
dependence)
Vitamin D Hypercalcemia and related May increase the risk of all-cause None identified
toxicity (anorexia and mortality, certain cancers,
weight loss can eventually cardiovascular disease, and
lead to vascular and tissue fractures and falls
calcification with
subsequent renal and
cardiovascular damage)
Vitamin E4 Hemorrhagic effects Supplementation may increase the None identified
risk of hemorrhagic stroke;
excessively high doses can
contribute to increased
prooxidative damage®
Copper Liver damage Nausea and other gastrointestinal None identified
illness
Selenium Brittleness and loss of Gastrointestinal disturbances, skin None identified
hair/nails rash, and garlic breath odor;
fatigue, irritability, and nervous
system abnormalities
Todine Elevated thyroid-stimulating Thyroid dysfunction; goiter None identified
hormone (TSH)
Iron Gastrointestinal effects (e.g., Can reduce zinc absorption if iron None identified
constipation, nausea, and zinc supplements are taken
vomiting, diarrhea, and without food (and iron to zinc
abdominal pain) ratio is high)
Continued
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Table 3. Continued

Micronutrient upper levels in pregnancy

Nutrient Risk(s) used to set the UL

Other risks Pregnancy-specific risk

Zinc Reduced copper status

Suppression of immune response;

None identified

decrease in high-density

lipoprotein cholesterol; acute

gastrointestinal distress

?Only micronutrients in the UNIMMAP supplement included.

¥Based on most recent DRI reports from the IOM, unless otherwise indicated. Risks do not include effects of acute toxicity or acci-

dental overdose.
“Based on intake of retinol or preformed vitamin A.

4Based on supplements and fortified food intake only; no known risks from naturally occurring niacin in food.
¢From WHO 2004 vitamin and mineral requirements in human nutrition.!!

specific.?>?* A study in Australia assessed the
prevalence of exceeding the UL during pregnancy
and found that around 20% of women exceeded the
UL for iron and folate (owing to supplements).'*
However, most studies in LMIC do not report the
full range of intake including the highest intake of
micronutrients. More studies collecting robust data
on diet and supplements, and comparing intake to
the UL, are needed.

Potential for excess intake when taking
daily UNIMMAP

The UNIMMAP supplement was initially estab-
lished in 1999 by UNICEF and WHO to contain
approximately one RDA/adequate intakes (AI) for
each of 15 selected micronutrients.® At the con-
vened workshop to develop the supplement, toxic-
ity and side effects from high intake were consid-
ered. Few details were provided in the report, but
the expert group concluded that using the RDA was
likely the amount to best balance potential bene-
fits and harms and that trials testing the supplement
should document morbidity and adverse side effects
(Annex 4). The RDAs established by the United
States and Canada (as of 1998) were used because
they were “the most recent and best documented.”

Since the 1999 workshop, new or updated DRI
reports have been published for nine of 15 micronu-
trients in UNIMMAP.!*2! These reports include
ULs (or reasons for the lack of setting a UL) for
each nutrient. In comparison to current recommen-
dations, there is some variation in the UNIMMAP
formulation around 100% of the RDA/AI; how-
ever, all values are substantially below ULs. As well,
more than 20 randomized controlled trials have
been published comparing multiple micronutrient
(often, but not always similar to UNIMMAP) to

iron and folic acid supplementation in LMIC.”*
Conducting such trials is inherently challenging,
and morbidities such as nausea and vomiting were
either not collected or have not yet been reported in
a way that would allow collective conclusions about
the side effects of supplementation.*

This paper aimed to reassess potential risks of
excess intake in pregnant women who take the
UNIMMAP supplement daily. In the absence of
data on high intake in LMIC, it was assumed that
women with the highest dietary intake would be
consuming approximately one RNI/RDA of any
individual vitamin or mineral from foods (mean
usual intake per day) and taking no other sup-
plements. This assumption was based on the dis-
tribution of requirements in healthy populations
from which the RNI/RDA values are derived—such
that the RNI/RDA is approximately the highest
end of the distribution (+2 standard deviations).
Intake distributions are typically wider than those
for requirements; however, information on the full
distribution of intake is difficult to obtain. This esti-
mate of highest dietary intake (i.e., the RNI/RDA)
was then added to the amount of each nutrient in
UNIMMAP and compared with either the WHO
(Table 4) or IOM (Table 5) UL values. Of note,
there are several micronutrients for which there is
no established UL set by the WHO or the IOM.

In the comparison of UNIMMAP plus dietary
intake to the UL set by the WHO, only the intake of
niacin exceeded the UL and folate intake was equal
to the UL (Table 4). All other micronutrients were
substantially below the UL as shown in Figure 1.
When comparing UNIMMAP plus dietary intake
to the UL set by the IOM (the United States and
Canada), results were similar to those in Table 4 for
14 of 15 vitamins and minerals, including niacin
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Table 4. Potential micronutrient intake from diet and UNIMMAP supplement compared with the upper tolerable
nutrient intake level (UL) for pregnancy set by the World Health Organization for global use

Micronutrient Pregnancy RNI UNIMMAP Total UL (WHO)*
Vitamin A (jg/day) 800-¢ 800 1600 3000°
Thiamin (mg/day) 1.4 1.4 2.8 ND
Riboflavin (mg/day) 14 1.4 2.8 ND
Niacin (mg/day) 18 18 36 35
Vitamin B6 (mg/day) 1.9 1.9 3.8 1004
Vitamin B12 (j.g/day) 2.6 2.6 52 ND
Folic acid (g/day) 600 400 1000 1000
Vitamin C (mg/day) 55 70 125 1000
Vitamin D (jug/day) 5 5 10 50
Vitamin E (mg/day) 7.5 10 17.5 1000
Copper (mg/day) ND 2 2 ND
Selenium (jug/day) 308 65 95 400
Todine (jLg/day) 2008 150 350 ND
Iron (mg/day) ND" 30 ND ND
Zinc (mg/day) 1081 15 25 4000—8000

“Based on recommendations for adults. UL values are not specified; information regarding UL values is found in the Toxicity section

for each nutrient.

bRetinol equivalents (REs).
‘Recommended safe intake.
4B6 as pyridoxine.

“Based on the 19- to 50-year-old age group; there are no specific recommendations for pregnancy.
fVitamin E toxicity occurs through excessive supplementation at high doses.

$Based on third-trimester pregnancy recommendations.

HRNI not set because requirement depends on diet and amount of stored iron.

iBased on moderate bioavailability of zinc.

ND, not determined; UNIMMAP, United Nations International Multiple Micronutrient Antenatal Preparation.
Bold values indicate that the total is greater than, or equal to, the UL.

and folate (Table 5). Iron intake was estimated to
be higher than the IOM UL. This was not the case
when comparing WHO values, because the WHO
did not set an RNI or UL for iron. Other authorities
have also concluded that a UL cannot be set owing
to insufficient evidence.”> Estimating the highest
intake of iron at 27 mg per day is similar to the high-
est observed dietary intake (without supplements)
in European countries and is likely above the highest
intake in LMIC. Of note, these estimates are made
assuming the recommended UNIMMAP formula-
tion with 30 mg of iron. A supplement with 60 mg of
iron (the highest amount recommended by WHO)
would be farther above the IOM UL but is consid-
ered appropriate in women with anemia or in set-
tings where the prevalence of anemia in pregnancy
is >40%."

Thus, comparing a micronutrient-rich diet plus
intake of a daily UNIMMAP supplement to the UL,
for both WHO and IOM values, yields amounts that

are at or below the UL for all vitamins and min-
erals except niacin and iron. The modeled amount
for folate intake was at the UL. For consistency, all
values include diet and supplement compared with
the UL; however, the ULs for several micronutri-
ents, including niacin, do not include intake from
naturally occurring food sources.

Iron, niacin, and folate

Because the modeled estimates for intake of iron,
niacin, and folate were at or above the UL (127%,
103%, and 100% of the UL, respectively), a detailed
discussion of the potential risks for each nutrient
follows. It is important to note that overall, risks
of intakes closer to the UL are lower than risks of
intakes far above the UL.!? Further, there are many
uncertainties around setting the UL and data dur-
ing pregnancy are particularly sparse. The UL is not
meant to apply to individuals under medical care,
and while this may be the case for most pregnant
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Table 5. Potential micronutrient intake from diet and UNIMMAP supplement compared with the tolerable upper
intake levels (ULs) for pregnancy set by the Institute of Medicine for the United States and Canada

Micronutrient Pregnancy RDA? UNIMMAP Total UL (IOM)?
Vitamin A (jg/day) 770° 800 1570 30004
Thiamin (mg/day) 1.4 1.4 2.8 ND
Riboflavin (mg/day) 1.4 1.4 2.8 ND
Niacin (mg/day) 18 18 36 35¢
Vitamin B6 (mg/day) 1.9 1.9 3.8 100/
Vitamin B12 (jg/day) 2.6 2.6 52 ND
Folic acid (j.g/day) 600 400 1000 1000°
Vitamin C (mg/day) 85 70 155 2000
Vitamin D (pug/day) 15 5 20 100
Vitamin E (mg/day) 15 10 25 1000°
Copper (mg/day) 1 2 3 10
Selenium (j1g/day) 60 65 125 400
Iodine (jLg/day) 220 150 370 1100
Iron (mg/day) 27 30 57 45
Zinc (mg/day) 11 15 26 40

“Based on the 19- to 30-year-old age group; values for the 14- to 18-year and 31- to 50-year age groups were the same except for
vitamin A (750 pg), vitamin C (80 mg), and zinc (12 mg) in the 14- to 18-year group.

YBased on the 19- to 30-year-old age group; values for the 14- to 18-year and 31- to 50-year age groups were the same except for
vitamin A (2800 pg), niacin (30 mg), B6 (80 mg), vitamin C (1800 mg), vitamin E (800 mg), copper (8 mg), iodine (900 jLg), and zinc

(34 mg) in the 14- to 18-year group.
“Retinol activity equivalents (RAEs).
4Vitamin A UL for preformed vitamin A only.

¢ULs for vitamin E, niacin, and folate apply to synthetic forms obtained from supplements, fortified foods, or a combination of the

two.
/B6 as pyridoxine.

ND, not determined; UNIMMAP, United Nations International Multiple Micronutrient Antenatal Preparation.
Bold values indicate that the total is greater than, or equal to, the UL.

women in high-income countries, women in LMIC
could be part of programs to receive supplements
but not have complete antenatal care.

Risks related to excess intake of iron are related
to impact on the gastrointestinal tract and are more
often reported when supplements are taken alone
without food.! A wide range of symptoms, including
abdominal pain and constipation, has been reported
in nonpregnant women; in pregnancy, the main
documented side effects are nausea and vomiting.
There is a lack of data in pregnancy for doses
<100 mg/day.! Overall, nausea and vomiting are
among the few side effects reported in randomized
trials of UNIMMAP or similar formulations.®” The
main concern is that women will stop taking the
supplements when suffering from these ailments,
although frequent vomiting is also of concern owing
to nutrient loss. Iron can inhibit zinc absorption
when the iron-zinc ratio is high (25:1) but this does
not occur when the ratio is lower, which is the case

for UNIMMAP and most antenatal micronutrient
supplements.! Finally, there are unique concerns in
malaria-endemic regions. In general, there is a large
body of evidence on the relationship between iron
status and infections,?® and severe risks of iron sup-
plementation in children in settings with malaria
were brought to center stage by the Pemba trial
in Tanzania.”’” Since that time, recommendations
by the WHO and others for iron supplementation
include a recommendation to provide malaria pro-
phylaxis to all pregnant women in malaria-endemic
areas.'”?® No adverse effects were noted in ante-
natal multiple micronutrient supplementation trials
in areas with malaria, and malaria prophylaxis was
provided as part of the studies.?*~3!

For niacin, the UL is set based solely on risks
due to the intake of synthetic forms from supple-
ments and/or fortified foods. Therefore, the food
intake component of the hypothetical high intake
calculated in this report would not yield a higher
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Comparision of Estimated Intake (Diet + Supplement) to Upper Level
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Figure 1. Percent of upper level hypothetically consumed if daily intake included UNIMMAP supplement plus one RDA (the
United States/Canada) or RNI (WHO) from food. Note that the supplement plus the food were compared with the UL for every
micronutrient for consistency, yet the UL for some nutrients does not apply to naturally occurring sources in food.

risk. As well, the UL for niacin has been the topic
of debate and some recent data suggest the value is
conservative.*> The adverse event that sets the low
UL is flushing, a mild reaction from nicotinic acid
(but not nicotinamide) that can also occur after eat-
ing foods with capsaicin (e.g., spicy peppers). Flush-
ing occurs from temporary dilation of blood vessels
and can result in skin reddening, warmth, or itch-
iness. Serious adverse effects have not been docu-
mented until doses reach much higher amounts of
3000 mg or more per day over a long time span.?
The main concern with flushing is that the discom-
fort may cause women to discontinue taking the
antenatal supplement. To our knowledge, flushing
has never been reported in the context of a multiple
micronutrient supplement in pregnancy.

Folate is not known to have any direct toxicity
due to excess intake. The risk associated with a high
intake is when an individual is also deficient in vita-
min B12. Both folate and vitamin B12 deficiency
cause pernicious anemia; when folate intake is high,
it can correct/prevent pernicious anemia from B12
deficiency leaving it difficult to detect until more
serious and threatening symptoms manifest. When
women take a multiple micronutrient supplement,
like UNIMMAP, that contains appropriate amounts
of both folate and vitamin B12, this risk is elimi-

nated. On the other hand, women consuming a tra-
ditional supplement with only iron and folic acid
would remain at higher risk for masked B12 defi-
ciency and potential adverse effects.

Risk of excess from overlapping
micronutrient programs

With the widespread recognition of the public
health burden of micronutrient deficiencies, many
programs have focused on prevention. The goal of
programs is always to promote adequate, but not
excessive, micronutrient intake and extensive guid-
ance exists on the methodology to set amounts.'>!”
Yet, with numerous micronutrient-focused pro-
grams, including fortification, biofortification, and
supplementation, there is the potential for unknown
overlap and resulting excess intake in certain pop-
ulations. A recent review in Annals of the New York
Academy of Sciences based on a technical consul-
tation convened in October 2017 examined risks
of excess micronutrient intake from public health
interventions.”? At present, there is no evidence
of excess intake due to overlapping micronutrient
interventions; however, data are incomplete and
biomarkers to indicate excess have limitations or do
not exist. The authors concluded that nutrients with
the highest risks from excess intake (vitamin A,
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calcium, copper, fluoride, iodine, iron, manganese,
and zinc) should be given the closest attention
and monitoring in programs.”” However, preg-
nancy was not highlighted in the report and should
be the focus of program reviews in the future.
Common concerns from single nutrient supple-
mentation/fortification having negative effects
on bioavailability or absorption of other nutri-
ents are mitigated with the use of UNIMMAP or
other antenatal supplements that contain multiple
micronutrients.*

Conclusion

The prevalence of micronutrient deficiencies in
LMIC continues to overshadow any concern of
excess intake, and furthermore, the potential for
a “double burden” (deficiency and excess) of
micronutrient malnutrition seems unlikely in preg-
nancy. Lack of an essential nutrient is an intractable
problem in the human body, and risks of excess are
often mild and short-lived. Therefore, supplemen-
tation remains an important strategy for improv-
ing pregnancy outcomes. Importantly, there are
many uncertainties in setting the RDA/RNI and UL
for nutrients, particularly for pregnancy, and mor-
bidity/side effect data from supplementation trials
should urgently be published.

In this review, modeling high dietary intake cou-
pled with a UNIMMAP supplement showed that
folate intake reached the UL and iron and niacin
slightly exceeded it. For folate, the only risk of excess
is due to By, deficiency, which is not a concern when
taking a supplement that contains B,. For niacin,
the risk of flushing is mild and only due to nicotinic
acid, which is not the sole form of niacin in the diet.
Finally, for iron, the risk of nausea and vomiting
can be reduced or eliminated by taking the supple-
ment with food. A supplement with 30 versus 60 mg
would have a better margin of safety across popula-
tions.

It is generally under-recognized that data on
micronutrients during pregnancy are limited com-
pared with nonpregnant adults and more informa-
tion is needed on particular biological sensitivities
during pregnancy. Although ULs apply to the gen-
eral, healthy population, there is a high prevalence
of underweight in women around the world who
become pregnant and risks of excess should be given
further scrutiny as more interventions are imple-
mented. Overall, risks of exceeding the UL during

Micronutrient upper levels in pregnancy

pregnancy from a standard diet and micronutrient
supplementation are extremely low.

Acknowledgments

The author would like to thank Leigh Taylor for
her assistance with gathering information and ref-
erences for this paper and the New York Academy
of Sciences Working Group for helpful comments
during the working group sessions. Open Access of
this article has been sponsored by the Bill & Melinda
Gates Foundation.

Author contributions
A.D.G. had sole responsibility for writing.
Competing interests

The author declares no competing interests.

References

1. IOM. 2001. Dietary reference intakes for vitamin A, vita-
min K, arsenic, boron, chromium, copper, iodine, iron, man-
ganese, molybdenum, nickel, silicon, vanadium, and zinc. The
National Academies Press.

2. IOM. 1998. Dietary reference intakes for thiamin, riboflavin,
niacin, vitamin B6, folate, vitamin B12, pantothenic acid,
biotin, and choline. The National Academies Press.

3. IOM. 2000. Dietary reference intakes for vitamin C, vitamin
E, selenium, and carotenoids. The National Academies Press.

4. Gernand, A.D., KJ. Schulze, C.P. Stewart, et al. 2016.
Micronutrient deficiencies in pregnancy worldwide: health
effects and prevention. Nat. Rev. Endocrinol. 12: 274-
289.

5. Black, R.E. et al. 2013. Maternal and child undernutrition
and overweight in low-income and middle-income coun-
tries. Lancet 382: 427-451.

6. Haider, B.A. & Z.A. Bhutta. 2017. Multiple-micronutrient
supplementation for women during pregnancy. Cochrane
Database Syst. Rev. 4: CD004905.

7. Smith, E.R. et al. 2017. Modifiers of the effect of maternal
multiple micronutrient supplementation on stillbirth, birth
outcomes, and infant mortality: a meta-analysis of individ-
ual patient data from 17 randomised trials in low-income
and middle-income countries. Lancet Glob. Health 5: €1090-
€1100.

8. UNICEF, WHO & UNU. 1999. Composition of a multi-
micronutrient supplement to be used in pilot programmes
among pregnant women in developing countries: report of
a United Nations Children’s Fund (UNICEF). New York,
NY: World Health Organization (WHO) and United Nations
University Workshop.

9. IOM. 2006. Dietary reference intakes: the essential guide to
nutrient requirements. The National Academies Press.

10. IOM. 1998. Dietary reference intakes: a risk assessment model
for establishing upper intake levels for nutrients. Washington,
DC: National Academy Press.

Ann. N.Y. Acad. Sci. 1444 (2019) 22-34 © 2019 The Authors. Annals of the New York Academy of Sciences 33
published by Wiley Periodicals, Inc. on behalf of New York Academy of Sciences.



Micronutrient upper levels in pregnancy

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

34

WHO & FAO. 2004. Vitamin and mineral requirements
in human nutrition: report of a joint FAO/WHO expert
consultation, Bangkok, Thailand, 21-30 September 1998. 2nd
ed. World Health Organization.

Lee, S.E., S.A. Talegawkar, M. Merialdi & L.E. Caulfield.
2013. Dietary intakes of women during pregnancy in low-
and middle-income countries. Public Health Nutr. 16: 1340
1353.

Torheim, L.E., E.L. Ferguson, K. Penrose & M. Arimond.
2010. Women in resource-poor settings are at risk of
inadequate intakes of multiple micronutrients. J. Nutr. 140:
2051S-2058S.

Livock, M. et al. 2017. Maternal micronutrient consump-
tion periconceptionally and during pregnancy: a prospective
cohort study. Public Health Nutr. 20: 294-304.

Codex Alimentarius Commission. 1991. General principles
for the addition of essential nutrients to foods. CAC/GL
91987.

WHO. 2010. Estimating appropriate levels of vitamins and
minerals for food fortification programmes: the WHO
Intake Monitoring, Assessment and Planning Program
(IMAPP): meeting report. Geneva, Switzerland: WHO.
Bruins, M.J. et al. 2015. Addressing the risk of inadequate
and excessive micronutrient intakes: traditional versus new
approaches to setting adequate and safe micronutrient levels
in foods. Food Nutr. Res. 59. https://doi.org/10.3402/fnr.v59.
26020.

WHO. 2012. Guideline: daily iron and folic acid supplemen-
tation in pregnant women. World Health Organization.
WHO. 2016. WHO recommendations on antenatal care for a
positive pregnancy experience. World Health Organization.
WHO. 2016. Guideline: use of multiple micronutrient pow-
ders for point-of-use fortification of foods consumed by
pregnant women. World Health Organization.

IOM. 2011. Dietary reference intakes for calcium and vitamin
D. The National Academies Press.

Garcia-Casal, M.N., R. Mowson, L. Rogers & R. Gra-
jeda; Consultation Working Groups. 2018. Risk of excessive
intake of vitamins and minerals delivered through public
health interventions: objectives, results, conclusions of the
meeting, and the way forward. Ann. N.Y. Acad. Sci. https:
//doi.org/10.1111/nyas.13975.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gernand

Tanumihardjo, S.A., C. Kaliwile, E. Boy, et al. 2018. Over-
lapping vitamin A interventions in the United States,
Guatemala, Zambia, and South Africa: case studies. Ann.
N.Y. Acad. Sci. https://doi.org/10.1111/nyas.13965.

Keats, E.C., B.A. Haider, E. Tam & Z.A. Bhutta. 2019.
Multiple-micronutrient supplementation for women during
pregnancy. Cochrane Database Syst. Rev. https://doi.org/10.
1002/14651858.CD004905.pub6.

European Food Safety Authority. 2006. Tolerable upper
intake levels for vitamins and minerals. European Food Safety
Authority.

Drakesmith, H. & A.M. Prentice. 2012. Hepcidin and the
iron-infection axis. Science 338: 768-772.

Sazawal, S. et al. 2006. Effects of routine prophylactic supple-
mentation with iron and folic acid on admission to hospital
and mortality in preschool children in a high malaria trans-
mission setting: community-based, randomised, placebo-
controlled trial. Lancet 367: 133-143.

Hanson, M.A. et al. 2015. The International Federation of
Gynecology and Obstetrics (FIGO) recommendations on
adolescent, preconception, and maternal nutrition: “Think
Nutrition First”. Int. J. Gynaecol. Obstet. 131(Suppl. 4): S213.
Fawzi, WW. et al. 2007. Vitamins and perinatal outcomes
among HIV-negative women in Tanzania. N. Engl. . Med.
356: 1423-1431.

Roberfroid, D. et al. 2008. Effects of maternal multiple
micronutrient supplementation on fetal growth: a double-
blind randomized controlled trial in rural Burkina Faso. Am.
J. Clin. Nutr. 88: 1330-1340.

Zagre, N.M., G. Desplats, P. Adou, et al. 2007. Prenatal mul-
tiple micronutrient supplementation has greater impact on
birthweight than supplementation with iron and folic acid:
a cluster-randomized, double-blind, controlled program-
matic study in rural Niger. Food Nutr. Bull. 28: 317-327.
Minto, C., M.G. Vecchio, M. Lamprecht & D. Gregori. 2017.
Definition of a tolerable upper intake level of niacin: a sys-
tematic review and meta-analysis of the dose-dependent
effects of nicotinamide and nicotinic acid supplementation.
Nutr. Rev. 75: 471-490.

Sandstrom, B. 2001. Micronutrient interactions: effects on
absorption and bioavailability. Br. J. Nutr. 85(Suppl. 2):
S$181-5185.

Ann. N.Y. Acad. Sci. 1444 (2019) 22-34 © 2019 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals, Inc. on behalf of New York Academy of Sciences.


https://doi.org/10.3402/fnr.v59.26020
https://doi.org/10.3402/fnr.v59.26020
https://doi.org/10.1111/nyas.13975
https://doi.org/10.1111/nyas.13975
https://doi.org/10.1111/nyas.13965
https://doi.org/10.1002/14651858.CD004905.pub6
https://doi.org/10.1002/14651858.CD004905.pub6

