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Abstract

Maternal diet is widely recognized to be one of the major environmental factors influencing the development
of the embryo and fetus. It is important that women of childbearing age maintain good nutrition throughout their
reproductive years, including before conception, as there is a strong relationship between fertility and a successful
pregnancy, and a sufficient intake of micronutrients. Yet even in ‘high-income’, industrialized countries, where dietary
resources are more readily available, micronutrient levels in such women may be inadequate.

This review looked at the micronutrient status of women of childbearing age in industrialized countries, as well as
those who were pregnant, to determine whether there are any gaps in micronutrient levels. A second objective was
to assess whether the evidence indicates a role for multiple micronutrients other than folate and iron during these
periods. Results indicated that although some women might have a sufficient intake of micronutrients (although
not necessarily all of them), there are those who have lower than the currently-recommended daily intake of
micronutrients, particularly folate, vitamin B12, vitamin D, calcium, iodine, iron and selenium. The evidence suggests
that multiple micronutrient supplementation during the periconceptional period (i.e. before conception until the end
of the first trimester) and throughout pregnancy could help to address inadequate dietary intake of micronutrients,

improve maternal status prior to and during pregnancy, and thereby help to minimize reproductive risks.
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Introduction

It is well established that good nutrition is important and that a
balanced diet helps to maintain health in each of us. This is particularly
true in women of childbearing age, as there is always the potential of
becoming pregnant - and normal development of the embryo and fetus
depends on the availability and supply of nutrients from the mother,
and thus on her nutritional state [1-4]. In theory, women who are
planning to have a child can accommodate the additional requirements
through their diet, and a sufficient supply of micronutrients during the
periconceptional period (i.e. the period before conception until the
end of the first trimester) may support normal fertility, conception,
placentation and embryogenesis and ultimately lead to better
pregnancy outcomes [2]. However, the diet cannot always supply
the micronutrients in the sufficient quantities required. In addition,
not all pregnancies are planned; it has been estimated that up to 41%
of pregnancies worldwide are unintended [5]. Thus, maintenance
of optimal nutritional status throughout the reproductive years is
essential.

Yet many women are at risk of insufficient micronutrient intake,
and not just in developing countries [6,7]. This can be problematic,
as deficiencies in micronutrients can affect fertility and can lead to
adverse pregnancy outcomes such as neural tube defects (NTD), low
birth weight, preterm deliveries, and pregnancy loss [1,2]. The health
of the mother can also be affected by micronutrient deficiency, which
contributes to anemia [8] and pre-eclampsia [1] for example. It is very
important that women everywhere are made aware of the reality of
suboptimal nutrition and the potential problems that can arise-and that

inadequate intake prior to pregnancy usually cannot be rectified once
pregnancy has been recognized [3]. Education as to the steps that can
be taken to prevent micronutrient deficiency during periconception
is vital. The simplest remedy is to consume a varied and healthy diet,
which theoretically should be easy to do in more developed countries
where women have greater access to good food. However, in reality,
the micronutrient needs of many women are not always satisfied. In
addition, it should be noted that deficiencies in vitamins and minerals
can occur in both undernutrition and overnutrition [9].

Thus, micronutrient supplementation is necessary to address
suboptimal nutrition before conception and during pregnancy. To date,
periconceptional supplementation has focused on iron and folate, as
much evidence supports the increased need for both during pregnancy
[10]. There is a growing interest in supplementation with multiple
micronutrients (MMN)-but is there a widespread need to supplement
with other micronutrients, such as the B vitamins, calcium, vitamin D
or iodine, for example? Is there any evidence to suggest that women
of reproductive age in more developed countries have a suboptimal
intake of such micronutrients? This review aims to offer a perspective
of the micronutrient status of women of childbearing potential and
pregnant women, to ascertain whether there any benefits associated
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with supplementation with micronutrients other than folate and iron
before conception and during pregnancy.

Impact of insufficient micronutrients during periconception

The protective effect of folate during the first 28 days of pregnancy
is a familiar and accepted concept, and supplementation is proven
to significantly reduce the risk of congenital anomalies such as NTD
[11-13]. When folate levels are inadequate, the risk of NTD increases
[14,15]. Similarly, it has long been recognized that iron deficiency is
the major cause of anemia in pregnancy worldwide [8], occurring in
more than half of pregnant women in developing countries and almost
one-fifth of women in developed countries [8,16]. Even women who
enter pregnancy with reasonable iron stores can develop anemia in
the later stages of pregnancy [4]. However, less is known about other
micronutrients in periconception [1], such as the B vitamins, vitamin
D, calcium, selenium and iodine. Table 1 provides a summary of the
key adverse effects that are associated with an inadequate intake of
these micronutrients during the periconceptional period.

What is increasingly being understood is that adequate nutrition
has a role to play at all stages of periconception, not just during
pregnancy [2,17]. Various nutrients may alter both maternal and fetal
metabolism and thus influence pregnancy outcomes [1,2]. Inadequate

nutrition before conception can negatively affect fertility and may have
an adverse effect on implantation [2]. After conception, abnormal
placentation is a risk if nutrition is poor [2], which can affect the supply
of nutrients to the fetus throughout gestation [1]. Certain nutrients
are involved in several biochemical pathways that ultimately affect cell
replication and differentiation [18], and thus play a critical role in the
development of the brain and nervous system during embryogenesis,
while others influence oxidative pathways [1,2]. Abnormalities in
placental function and oxidative pathways are associated with adverse
effects such as pre-eclampsia, pre-term delivery, and fetal growth
restriction [1,2]. Low folate and vitamin B12 levels increase the risk of
NTD [2] as well as pregnancy loss [1]. The evidence supports the fact
that there is a strong relationship between a sufficient micronutrient
intake, good maternal health, and a successful pregnancy outcome [2].

Recommended micronutrient levels in females

It is clear that periconceptional nutrition is crucial for the
successful onset and optimal development of pregnancy, delivery
of a healthy child, and maternal health. However, the levels of
micronutrients that are necessary during pregnancy are not always
apparent. There are sometimes rather wide variations in the levels
of micronutrients that are recommended by healthcare agencies and
government bodies at different stages of life (Table 2) although there is

Potential adverse effects of inadequate micronutrient intake

Micronutrient .
Effects on the offspring

Premature birth [74]

Maternal effects
Vitamin A-deficiency anemia [2,74]
Xerophthalmia [2]
Night blindness [2]
Pre-eclampsia [3,75]
Anemia [2]
Gestational carbohydrate intolerance [75]
Hyperemesis gravidarum [75]
Thrombosis [2]

Anemia
Megaloblastic anemia [75]

Anemia [75]

Spontaneous abortions [75]
Pre-eclampsia [75]
Placental abruption [75]
Thrombosis [75]

Osteomalacia [4,75]

Vitamin A Malformed offspring [2]
Neurologic disease of infants [75] Impaired neuromotor development [3]
Teratogenicity (omphalocele, exencephaly, cleft palate, micrognathia, digital

Vitamin B6 defects, splenic hyperplasia) [3]
Decreased body weight [3]
Convulsions [3]
Neural tube defects [3]
Teratogenicity [3]
Reduced fetal growth [75]

Vitamin B12 Neurological abnormalities (cognitive disturbances, dementia, paresthesias,
ataxia) [3,75]
Fetal demyelination [3]
Myelopathy
Congenital malformations (neural tube defects, orofacial clefts, cardiac anomalies) Megaloblastic anemia [3]
Folate [3,75]

Intrauterine growth retardation
Premature birth [3]
Rickets [4]

Vitamin D Impaired dental enamel formation [4]
Reduced bone mineral accumulation

. Intrauterine growth retardation [75]
Calcium

Low birth weight [75]

Oxidative damage to fetal erythrocytes [75]
Intrauterine growth retardation [75]
Iron Neonates small-for-gestational age/low birth weight [4,75]
Premature delivery [4]
Cognitive and behavioral problems [4]

Intrauterine growth retardation [4]
Teratogenicity [75]

Zinc Embryonic and fetal death [4]
Small-for-gestational age infants [4]
Preterm delivery [4]

Spontaneous abortions [4]

lodine Increased perinatal mortality [4]
Mental retardation, cretinism [4]
Selenium Intrauterine growth retardation [75]

Pre-eclampsia [75]

Anemia [2,4]
Increased corticotropin-releasing hormoneand cortisol
production [75]

Gestational hypertension [4]
Pre-eclampsia [4]
Intrapartum hemorrhage [4]

Thyroid enlargement [4]

Recurrent abortions [75]
Pre-eclampsia [75]

Table 1: Impact of inadequate micronutrient status during preconception or pregnancy.
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a general consensus that micronutrient requirements increase during
pregnancy. Furthermore, apart from folic acid the importance of other
micronutrients is rarely disseminated to women planning a pregnancy,
beyond the need for a ‘varied and healthy’ diet [17]. Even in the US,
which offers a comprehensive preconception healthcare plan, the
clinical need for a sufficient intake of micronutrients other than folic
acid seems not to be overtly communicated directly to women [19].
This is something that should be addressed, and research should enable
guidelines to become more consistent as preconception care begins to
emerge and develop worldwide.

An adequate micronutrient intake is not always possible

In industrialized countries, it could be assumed that most women
would have easy access to fresh and nutritious foods to maintain
a healthy and balanced diet. However, the reality is that women in
society are from a diverse range of social, economic, educational, ethnic
and cultural backgrounds, all of which have an impact on what they
consume. For example, women from low-income families might not
always have the money to buy fresh foods, or the means to travel to places
that sell them; instead, they may live in areas populated by convenience
stores (that often stock only energy-dense but micronutrient-poor
processed foods) and fast-food restaurants. Vegetarians and vegans

are often lacking in certain essential micronutrients such as vitamin
B12, which is primarily derived from animal products. Certain genetic
disorders may prevent digestion or absorption of specific foods,
leading to a deficiency in vital micronutrients; for example, lactose
intolerance precludes consumption of dairy products, leading to low
calcium intake and impaired vitamin D status [20]. An increasingly
hectic and stressful lifestyle can result in poor eating habits such as
skipping meals and increased consumption of fast foods. Weight loss is
ever a concern to many women and the endeavor to reach the perfect
weight may result in an adequate consumption of micronutrients.
There are numerous factors that may adversely influence a woman’s
micronutrient status, some of which are listed in Table 3.

Micronutrient status of women in the general population

Despite the recommendations provided by healthcare and
government bodies regarding the importance of consuming a varied
and healthy diet in the periconceptional period, micronutrient intake
can be inadequate in women of childbearing age [2] and in pregnant
women [6]. For example, a high proportion of women of childbearing
potential have been shown to have folate levels that are suboptimal (i.e.
around 500-600 nmol/l, whereas that thought to be protective of NTD
is 906 nmol/l) [21-23]. Similarly, mean iron intake in women aged 25-

. . D-A-CH 2000 Australia and UK Gov 2014 . .
Micronutrient = WHO 2004 [10] IOM 2011 [76] (7.77] * NZ 2005 [78] 179] Russia 2008 [80] China 2013 [81] Japan [82]
14-50y: 1.2
. . . 15-17y: 1.4
Vitamin B2 14-18y: 1.0 14-18y: 1.0 19-24y: 15 14-50 y: 1.1 15-50 y: 1.1 18 Pregnancy: 18-49y: 1.2
(riboflavin), mg/d 19-50y: 1.1 19-50y: 1.1 25-50y: 1.4 Pregnancy: 1.4 | Pregnancy: 1.4 Pregnancy (2nd  1st trimester: 1.2 Pregnancy: 1.5-
’ Pregnancy: 1.4 = Pregnancy: 1.4 T T Y half): 2.0 2nd trimester: 1.4 171 T
3rd trimester: 1.5 ’
T 15-17y: 1.3
Vitamin B6 14-18y: 1.2 14-18y: 1.2 14-18y: 1.2 : . 2.0 } . ] :
(pyroxidine), 19-50y: 1.3 19-50y: 1.3 1.5 19-50y: 1.3 P:es :gny(; 1122 Pregnancy (2nd Pr1: ﬁgn{:‘ 1;2 Prl:s ::n};' ,1'124_
mg/d Pregnancy: 1.9 | Pregnancy: 1.9 Pregnancy: 1.9 9 ¥t half): 2.3 9 Y- & 9 1 5Ty. ’
3.0 15-17y: 2.5
Vitamin B12 14-50y: 2.4 14-50y: 2.4 3 14-50y: 2.4 15-50y: 1.5 Pre naﬁc (nd 14-50y: 2.4 18-49y:2.4
(cobalamin), ug/d = Pregnancy: 2.6 | Pregnancy: 2.6 Pregnancy: 2.6 = Pregnancy: 1.5 ﬁalf)' gS Pregnancy: 2.9 = Pregnancy: 2.8-
T 2.9t
15-19 y: 300 [83] 400 15-17 y: 250
Folate. ua/d 14-50 y: 400 14-50 y: 400 20+ y: 400 14-50 y: 400 15-50 y: 200 Pregnancy (2nd 14-50 y: 400 18-49y: 240
-HO Pregnancy: 600 = Pregnancy: 600 = Pregnancy: 550 @ Pregnancy: 600 = Pregnancy: 300 l?alf)' 6)60 Pregnancy: 600 @ Pregnancy: 480-
U ' 490t
10 15-17 y: 6.0
N 14-50y: 5 14-50y: 15 14-50y: 5 Pregnancy: 14-50y: 10 18-49y: 5.5
Vitamin B, pg/d Pregnancy: 5 Pregnancy: 15 5 Pregnancy: 5 10[84] Prer?ar}gn?é (52nd Pregnancy: 10 | Pregnancy: 12.5-
T 13.01
1448y 1,300  14-18Y: 1,300 14-18 y: 1,300 1148'_15703;_1800000
1 TS 19-50 y: 1,000 19-50 y: 1,000 15-18 y: 800 1000 o .
. 9-50 y: 1,000 . . ; ) Pregnancy: 15-49 y: 650
Calcium, mg/d Pregnancy: 1,000 Pregnancy: 19-50 y: 700 Pregnancy (2nd . - )
Pregnancy, 3rd 14-18 v: 1.300 14-18v: 1300 | P - 700 half): 1300 1st trimester: 800 Pregnancy: NS
trimester: 1,200 A A regnancy: alf): 2/3 trimester:
’ 19-50 y: 1,000 19-50 y: 1,000 1000
14-17 y: 19.6- 14-17 y: 18 15-49y: 10.5¢
65.4 ) . . . 18-49y: 20 Pregnancy:
18-50 y: 20.7- 14-18 yj 15 14-18 yj 15 15-50y: 14.8 18 Pregnancy: Early stage: +2.5
Iron, mg/d 19-50y: 18 10 19-50y: 18 . Pregnancy (2nd : ! . .
58.8 Pregnancy: 27 Pregnancy: 27 Pregnancy: 14.8 half): 33 1st trimester: 20  Mid to late stage:
Pregnancy: 7.5- 9 v 9 Y ’ 2nd trimester: 24 +15.0
22.6 3rd trimester: 29
15-17 y: 140
15-50 y: 140 [85] 150
' 14-50 y: 150 14-50 y: 150 . . 14-50 y: 150 . 14-50 y: 120 18-49y: 130
lodine, pg/d Pregnancy: 200 | Pregnancy: 220 19-50y: 200 Pregnancy: 220 Pregnancy: 140 Pregnar}cy (2nd Pregnancy: 230 | Pregnancy: 240-
[85] half): 220 250t
14-50 y: 26 .
Selenium. ug/d Pregnancy: 14-50 y: 55 30-70 14-50 y: 60 1Psr-e50n};n?:o'[ggl Pre naSnE:: (2nd 14-50 y: 60 15-49y: 25
' H9 2nd trimester: 28 Pregnancy: 60 Pregnancy: 65 9 (86] Y %alf)' %’5 Pregnancy: 65 Pregnancy: 30

3rd trimester: 30

*Values provided as listed in Elmadfa 2009, for non-pregnant women [7]; T depending on age; £ menstruating women. NS: Not Stated; RE: Retinol Equivalent

Table 2: Example recommended nutrient intakes of certain micronutrients in females.
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Social and
economic

Lifestyle

Health-related

Factors

Poverty/low income [87-89]

The need to work [87]

Occupation [90]

Alcohol consumption [87]

Smoking [87]

lllicit drug use [87]

Vegetarianism/veganism [91]

Dieting [87]

Health conditions/medication use

(871

Genetic disorders

Micronutrient/food interactions

Comments

May limit access to nutritious foods [90], little dietary diversity [89]
May have poor knowledge of nutrition [89]
Associated with most of the major risk factors for adverse pregnancy outcomes [87]

Inadequate time for shopping and food preparation [87]
Work-related travel alters eating habits (e.g. missed meals) [87]
Increased consumption of low-calorie (often nutritionally-poor) diets [87]

Certain jobs are associated with low socioeconomic status (e.g. manual labor, driving), food choice may be
limited or irregular [90]

Excretion of high levels of zinc [87]

Altered transport of amino acids across the placenta [87]

Overall decrease in maternal nutritional status [87]

Associated with poor eating habits (e.g. skipping breakfast) [87]

May alter the metabolism of certain micronutrients [87]

Can result in decreased antioxidant status [87]

Can lead to poor eating habits [87]

Can restrict intake of micronutrients mainly derived from animal products (e.g. vitamin B12) [91]

May lead to substantially lower than recommended levels of calories, protein, vitamins and minerals [87]

For example, chronic digestive diseases can reduce micronutrient absorption, while HIV infection is associated
with several nutritional deficiencies [87]

Medication use may reduce absorption of micronutrients (e.g. oral contraceptive use is associated with reduced
folic acid, B6 and B12 levels, and certain rheumatoid arthritis drugs are folic acid antagonists or interfere with
iron absorption) [87]

May prevent digestion or absorption of specific foods, leading to a deficiency in vital micronutrients (e.g. lactose
intolerance reduces tolerance of dairy products, leading to low calcium intake and impaired vitamin D status [20]
Certain foods or micronutrients can inhibit the absorption of other micronutrients; for example, zinc absorption is
inhibited by phytate (in staple foods such as cereals, corn and rice), while increasing amounts of zinc in a meal

can itself decrease the absorption of zinc [92]

People in some urban environments (e.g. low-income areas) and rural settings might need to travel to shops

‘Food deserts’ [89] foods) [89,90]

Geographical

Home-grown or farmed produce
[90]

that sell more nutritious food, and instead may rely on local convenience stores (generally a poor selection of

Those with a lack of mobility (e.g. lack of transport) may not have access to nutritious food sources [89]
Food choice is season dependent, which can limit choice [90]

In some regions, the soil may lack certain micronutrients (e.g. selenium in China, [93] iodine deficiency in
mountainous or flood-risk regions [94])

Table 3: Factors that may adversely affect the nutritional status of women.

49 years has been shown to be one-third lower than the recommended
level [24]. Thus, we decided to explore more closely whether such
women receive an adequate intake of the micronutrients required
during each stage for a healthy pregnancy-whether that pregnancy was
planned or not. In general, micronutrient status and deficiency have
been assessed in pregnant women from developed countries [25]. But
what about the micronutrient status of women in the general population
of ‘high-income’ countries, without pre-existing medical conditions
and who presumably have the resources to consume an adequate diet
to meet their nutritional needs? Does their micronutrient status reach
the recommended levels suggested in the guidelines? If not, how large
is the gap? Is there any change in status from those of childbearing
potential (including young girls) to those who are already pregnant?
To this end, we searched the literature for studies published within
the last 10 years that would provide evidence of the micronutrient
status of women of childbearing age or those who were pregnant in
the general population in high-income countries. Although different
methods of data collection (e.g. 24 h dietary recalls, Food Frequency
Questionnaires, blood samples) and different age classifications were
used in the studies found, the data nevertheless provide an overview of
the nutritional status.

In general, as outlined in Supplementary Table 1, it was found
that for each micronutrient there are women who at least have an
adequate daily intake (within the countries for which data is available)-
and those who in fact have a surfeit. It is apparent that these women
already consume a nutritionally-sufficient diet and/or may be using
micronutrient supplementation (particularly during pregnancy) and/
or live in a country where food fortification (with folate and/or iron) is

mandatory. However, more often than not the nutrient intake or serum
concentration of most micronutrients is inadequate, as outlined in the
summary of Supplementary Table 1.

Folate: There was insufficient folate intake across all countries for
which data was found, in all of the populations included and across all
ages. Where folate was insufficient, intakes ranged from 23% to 98% of
the recommended nutrient intake in non-pregnant women [7,26-28]
(depending on the reference value used), and between 30% and 95%
in pregnant women [7,29-37]. Intake was regularly less than half of the
daily amount required [7,27,28,31,33,36,37]. The exception was in non-
pregnant women in Japan [34], whose folate levels were apparently
sufficient (Table 2); however, the recommended level of folate for such
women in Japan is lower than for other countries, apart from the UK
(Table 2). In the studies that looked at folate status during several stages
of pregnancy, inadequate levels could be seen at each stage (between
33% and 78% of the recommended levels) [31-36].

Vitamin B2 (riboflavin): There was some evidence of inadequate
intake in non-pregnant [7] and pregnant [7,29] younger women in
European countries (where insufficient intakes were between 74%
and 92% of the recommended daily intake) and in older pregnant
women in Japan [34] (76% and 82% of the recommended intake in
the first and second trimester, respectively); otherwise, there was an
overconsumption of riboflavin in the women included [7,29,34,38].

Vitamin B6 (pyroxidine): On the whole, pyroxidine consumption
was sufficient in non-pregnant women (younger and older) [7,38].
However, there was mild insufficiency in non-pregnant women in
Japan [34] (73% of the recommended intake) and in some pregnant
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women in Austria [7], Canada [32] and Japan [34,35], where inadequate
intakes between 65% to 95% of the recommended daily intake were
observed.

Vitamin B12 (cobalamin): There was some deficiency in
cobalamin intake in non-pregnant women (42% [7] and 55% [28] of the
recommended intake in Europe), as well as in some pregnant women
in Belgium [30], Spain [31] and Australia [33]. In both Spain [31] and
Australia [33], intake decreased over the course of the pregnancy,
while in Australia the intake increased again after giving birth [33].
There appears to be a surfeit of vitamin B12 in pregnant women in
Japan [34,35], where vitamin B12 levels were double the recommended
levels, as well as in non-pregnant adolescents girls in Europe [7], non-
pregnant women in the USA [38], pregnant adolescent girls in the UK
[29], and pregnant women in Canada [32].

Vitamin D: Insufficient vitamin D intake was widespread across all
women, often to a large extent. In non-pregnant women, insufficient
intake ranged between 22% to 88% of the recommended intake
[7,38,39], and most intakes accounted for less than one-quarter of
the daily amount required [38]. The situation was similar in pregnant
women, where insufficient intakes ranged from 21% to 97% of the
recommended amount [7,40-78]. However, intakes were more often
closer to the recommended nutrient intake (e.g. >75% of the amount
required). The greatest insufficiency was observed in China [44-46],
Japan [47] and the USA [38,48], but was less apparent in Denmark [40],
Sweden [39], New Zealand [42] and Australia [43]. Adolescent girls
seemed to be at a high risk of vitamin D deficiency, whether pregnant
(UK [29], Austria [7]) or not (Europe [7]). Vitamin D intake appeared
to decrease slightly during the course of a pregnancy [40,41].

Calcium: Calcium intakes were insufficient in many cases, ranging
from 50% to 82% of recommended levels in non-pregnant women
[7,38] and 61% to 92% in pregnant women [7,29,49]. Non-pregnant
younger girls appeared to be at greatest risk of inadequate intake in
Europe [7].

Iron: Suboptimal levels of iron were evident in both non-pregnant
[7,26,38] and pregnant women [7,29,50,51], according to the varied
recommendations set by each country or region. In non-pregnant
women, the intakes were particularly low across Europe [7,26], making
up just 13% to 68% of the recommended levels with most inadequate
intakes below 50%. Even in the US, where flour fortification with iron
is mandatory [52], the intake was only three-quarters of the required
amount [38]. In pregnant women, iron intake was slightly higher but
was still insufficient in many cases [7,29,50,51].

Iodine: Inadequate iodine intake could be seen in all women,
across all countries. Intakes that were insufficient ranged from 15% to
77% of the required amount in non-pregnant women [7,53,54], and
were mostly at the higher end in pregnant women (ranging from 36%
to 96%) [7,55-57].

Selenium: Selenium intake was mostly sufficient in non-pregnant
women [7,38], although a slightly low intake was observed in Australia
[26] (around 80% of the recommended intake). In pregnant women in
the UK [58], selenium intake was generally adequate although some
women had a lower than recommended intake.

Overall, these studies suggest that apart from riboflavin and
possibly pyroxidine, there are inadequate nutrient intakes or blood
concentrations of most micronutrients in women of childbearing
potential, as well as those who are pregnant. In all of these women, a
healthy, balanced diet rich in the micronutrients essential for a healthy

pregnancy could ideally prevent such inadequacies. However, as
already discussed nutritional intake is highly dependent on a woman’s
financial situation, social and cultural background, and personal habits
[59], which often lead to poor dietary habits and a suboptimal diet.
Even women who seemingly consume a sufficient amount of most
micronutrients may have a suboptimal intake of one or two essential
vitamins or minerals.

Role of supplementation

Based on the available evidence, it is clear that it is not only
deficiencies in iron and folate that need to be addressed in women
of childbearing potential in industrialized countries, but that there
is also an inadequate intake or blood concentration of multiple
micronutrients. Undoubtedly, there is a need for greater eduction
regarding the importance of good nutrition in women of all ages, but
particularly during pregnancy. It is vital that women of childbearing
potential are fully aware of the importance of a good supply of
fresh food, for their own wellbeing as well that of the developing
child. Nevertheless, there is a rationale to supplement with multiple
micronutrients before conception and during pregnancy, based on the
adverse effects that an inadequate nutrient status can produce during
this time, both in the developing embryo (e.g. the development of NTD
and other congenital abnormalities, decreased birth weight, increased
incidence of stillbirth) and in the mother (e.g. increased anemia and
pre-eclampsia) [1,2]. Supplementation with multiple micronutrients
could improve micronutrient status and thereby allow normal
fertility, improve maternal health, and ultimately lead to the healthy
development of a baby. However, is there any evidence that MMN
supplementation before conception and during pregnancy will provide
real clinical advantages?

From a pharmacokinetic standpoint, an MMN supplement
that includes folic acid at a daily dose of 800 ug has been evaluated
in healthy women of childbearing potential [21]. The study aimed to
ascertain at what point red blood cell (RBC) folate levels considered
preventive of NTD (906 nmol/l [14]) could be reached. In this study, it
was observed that the RBC folate concentration, as a surrogate marker
for NTD, increased to a protective level within 4 weeks in more than
two-thirds of women, whereas at least 8-12 weeks of daily intake was
required at a dose of 400 pg/day as observed in other studies [60-
62]. In women who took longer than 4 weeks, a significantly lower
baseline folate status compared to the other participants was observed.
Furthermore, compared with placebo at 4 weeks and up to 16 weeks,
MMN supplementation resulted in significantly higher levels of
vitamins B12, B6 and B2, and a significantly lower concentration of
homocysteine (where high levels are a risk factor for adverse pregnancy
outcomes, including NTD [63]). These results were confirmed in a later
study using an MMN supplement containing 400 ug folic acid plus
451 ug L-5-methyl-tetrahydrofolate (MTHF), which also determined
its efficacy in achieving NTD-protective RBC folate levels [23]. It
was observed that within 4 weeks compared with placebo, the MMN
supplement was effective at replenishing RBC folate concentrations to
a level considered to prevent NTD. In addition, there was a significant
increase in the levels of folate and vitamin B6, while homocysteine
concentrations significantly decreased.

Do these increases in RBC folate levels translate to a reduction in
NTD and other congenital malformations? A randomized controlled
trial using a similar MMN supplement (also containing 800 pg folic
acid) in a Hungarian cohort determined that approximately 92%
of NTD may be prevented using the MMN supplement, while the
total prevalence of congenital abnormalities decreased by around
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50% compared to no supplement [64]. Other studies have also
demonstrated that MMN supplementation has beneficial effects on
pregnancy outcomes. In an analysis of pooled outcomes from 16
high quality trials, there was a significant reduction in the incidence
of low birth weight and small-for-gestational age (SGA) births with
MMN supplementation, as well as an increase in mean birth weight
[65]. This time there was an increased risk of neonatal death with
MMN supplementation-but only in the subgroup of studies that
began the intervention after the first trimester, again emphasizing the
importance of the timing of initiation of MMN supplementation. A
recent meta-analysis of MMN supplementation showed that the use of
multivitamins rather than folic acid alone during the periconceptional
period resulted in a modest but persistent reduction in limb reduction
defects and congenital urinary tract abnormalities [66]. In addition,
the risk of pre-eclampsia was reduced by 27%, multiple congenital
abnormalities by 43%, and occurrent NTD in high-income countries
by 49%.

In China, in a study of almost 61,000 women from
socioeconomically disadvantaged areas, the incidence of stillbirth,
malformation and low birth weight babies was significantly lower
with MMN supplementation taken from at least 3 months before
pregnancy compared with no nutrient interventions [67]. A meta-
analysis of 17 randomized controlled trials in low- to middle-income
countries indicated that SGA births were significantly reduced
with MMN supplementation compared with standard iron-folate
supplements [68]. Overall, there was no significant increase in the
risk of neonatal mortality. It was observed that participants remained
anemic in the included studies, despite seemingly inadequate amounts
of supplemental iron; it was noted that starting the supplementation
during pregnancy may be too late for many women, especially those
with pre-existing anemia [68]. This highlights the fact that timing of
initiation of MMN supplementation is an important aspect that should
be considered; supplementation should begin before conception.

There is some concern that excessive periconceptional
supplementation with folic acid may modulate DNA methylation, with
potential epigenetic effects and long-term health consequences in the
child [69-73]. Nevertheless, the number of studies is currently limited
and the clinical significance of chronic or high folic acid intake is not
well established [72,73]. There is a need for future studies to thoroughly
investigate any potential adverse effects, but in the meantime the
data is insufficient to impact on the proven benefits of folate
supplementation [72,95-98].

Summary

The evidence suggests that a proportion of women in high-income
countries-of childbearing potential or who are already pregnant-have
lower either than currently-recommended nutrient intakes or blood
concentrations of micronutrients, particularly folate, vitamin B12,
vitamin D, calcium, iodine, iron and selenium. All of these women
would benefit from supplementation with multiple micronutrients,
rather than just folate and iron. Studies have confirmed that MMN
supplementation can redress insufficient micronutrient levels and help
to improve the health of both the developing embryo (e.g. by reducing
the risk of NTD and other congenital abnormalities, increasing birth
weight, and reducing the incidence of stillbirth) and that of the mother
(e.g. by tackling anemia and pre-eclampsia). Timing of the intervention
is critical, as supplementation during pregnancy is often too late
to prevent adverse outcomes. To support the optimal reproductive
health of women of childbearing potential and pregnant women from

a nutritional perspective, MMN supplements should be taken at least
one month before conception and throughout pregnancy.

Acknowledgements

The draft manuscript was prepared by a professional medical writer (Deborah
Nock, Medical WriteAway, Norwich, UK), with full review and approval by the
author.

Author Contributions

ES was responsible for the concept of the review, fully reviewed the manuscript
at every stage, and gave final approval.

Conflicts of Interest
The author is currently a full-time employee of Bayer Consumer Health.

Declaration of Funding

Funding for the study was provided by Bayer, as were the services of the
medical writer, Deborah Nock (Medical WriteAway, Norwich, UK).

References

1. Ramakrishnan U, Grant F, Goldenberg T, Zongrone A, Martorell R (2012)
Effect of women's nutrition before and during early pregnancy on maternal and
infant outcomes: a systematic review. Paediatr Perinat Epidemiol 26: 285-301.

2. Cetinl,BertiC, Calabrese S (2010) Role of micronutrients in the periconceptional
period. Hum Reprod Update 16: 80-95.

3. Simpson JL, Bailey LB, Pietrzik K, Shane B, Holzgreve W (2010) Micronutrients
and women of reproductive potential: required dietary intake and consequences
of dietary deficiency or excess. Part I--Folate, Vitamin B12, Vitamin B6. J
Matern Fetal Neonatal Med 23: 1323-1343.

4. Simpson JL, Bailey LB, Pietrzik K, Shane B, Holzgreve W (2011) Micronutrients
and women of reproductive potential: required dietary intake and consequences
of dietary deficiency or excess. Part Il--vitamin D, vitamin A, iron, zinc, iodine,
essential fatty acids. J Matern Fetal Neonatal Med 24: 1-24.

5. Singh S, Sedgh G, Hussain R (2010) Unintended pregnancy: worldwide levels,
trends, and outcomes. Stud Fam Plann 41: 241-250.

6. Blumfield ML, Hure AJ, Macdonald-Wicks L, Smith R, Collins CE (2013) A
systematic review and meta-analysis of micronutrient intakes during pregnancy
in developed countries. Nutr Rev 71: 118-132.

7. Elmadfa I, Meyer A, Nowak V, Hasenegger V, Putz P, et al. (2009) European
Nutrition and Health Report. Forum Nutr 62: 1-405.

8. World Health Organization and Food and Agricultural Organization of the
United Nations (1998, 2004). Iron. In: Vitamin and mineral requirements in
human nutrition 2nd,Report of a joint FAO/WHO expert consultation, Bangkok,
Thailand, 21-30 September

9. Young H, Borrel A, Holland D, Salama P (2004) Public nutrition in complex
emergencies. Lancet 364: 1899-1909.

10. World Health Organization and Food and Agricultural Organization of the
United Nations (2004) Vitamin and mineral requirements in human nutrition.

11. Lumley J, Watson L, Watson M, Bower C (2001) Periconceptional
supplementation with folate and/or multivitamins for preventing neural tube
defects. Cochrane Database of Systematic Reviews 4: CD001056.

12. Persad VL, Van den Hof MC, Dubé JM, Zimmer P (2002) Incidence of open
neural tube defects in Nova Scotia after folic acid fortification. CMAJ 167: 241-
245,

13. Pitkin RM (2007) Folate and neural tube defects. Am J Clin Nutr 85: 285S-288S.

14. Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM (1995) Folate levels and neural
tube defects. Implications for prevention. JAMA 274: 1698-1702.

15. Cuskelly GJ, McNulty H, Scott JM (1996) Effect of increasing dietary folate on
red-cell folate: implications for prevention of neural tube defects. Lancet 347:
657-659.

16. World Health Organization (2001) Iron deficiency anaemia: assessment,
prevention, and control. Geneva: WHO/NHD/01.3.

17. Shawe J, Delbaere |, Ekstrand M, Hegaard HK, Larsson M, et al. (2015)
Preconception care policy, guidelines, recommendations and services across
six European countries: Belgium (Flanders), Denmark, Italy, the Netherlands,

J Nutr Disorders Ther, an open access journal
ISSN: 2161-0509

Volume 6 « Issue 4 + 1000199


http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01281.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01281.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01281.x/full
http://dx.doi.org/10.1093/humupd/dmp025
http://dx.doi.org/10.1093/humupd/dmp025
http://dx.doi.org/10.3109/14767051003678234
http://dx.doi.org/10.3109/14767051003678234
http://dx.doi.org/10.3109/14767051003678234
http://dx.doi.org/10.3109/14767051003678234
http://dx.doi.org/10.3109/14767051003678226
http://dx.doi.org/10.3109/14767051003678226
http://dx.doi.org/10.3109/14767051003678226
http://dx.doi.org/10.3109/14767051003678226
http://onlinelibrary.wiley.com/doi/10.1111/j.1728-4465.2010.00250.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1728-4465.2010.00250.x/abstract
http://dx.doi.org/10.1111/nure.12003
http://dx.doi.org/10.1111/nure.12003
http://dx.doi.org/10.1111/nure.12003
http://dx.doi.org/10.1016/S0140-6736(04)17447-3
http://dx.doi.org/10.1016/S0140-6736(04)17447-3
http://www.cmaj.ca/content/167/3/241.short
http://www.cmaj.ca/content/167/3/241.short
http://www.cmaj.ca/content/167/3/241.short
http://ajcn.nutrition.org/content/85/1/285S.short
http://www.sciencedirect.com/science/article/pii/S0140673696912052
http://www.sciencedirect.com/science/article/pii/S0140673696912052
http://www.sciencedirect.com/science/article/pii/S0140673696912052
http://dx.doi.org/10.3109/13625187.2014.990088
http://dx.doi.org/10.3109/13625187.2014.990088
http://dx.doi.org/10.3109/13625187.2014.990088

Citation: Schaefer E (2016) Micronutrient Deficiency in Women Living in Industrialized Countries During the Reproductive Years: Is there a Basis for
Supplementation with Multiple Micronutrients? J Nutr Disorders Ther 6: 199. doi: 10.4172/2161- 0509.1000199

Page 7 of 8

20.

21.

e

22.

23.

24.

2

26.

27.

28.

29.

30.

3

=

32.

33.

34.

3

(5]

36.

37.

g

Sweden and the United Kingdom. Eur J Contracept Reprod Health Care 20:
77-87.

. Cetin |, Alvino G (2009) Intrauterine growth restriction: implications for placental

metabolism and transport. A review. Placenta 30: S77-82.

. Advisory Committee on Immunization Practices (2015) Advisory committee

on immunization practices recommended immunization schedules for persons
aged 0 through 18 years--United States, 2015. MMWR Morb Mortal Wkly Rep
64: 93-94.

Segal E, Dvorkin L, Lavy A, Rozen GS, Yaniv |, et al. (2003) Bone density in
axial and appendicular skeleton in patients with lactose intolerance: influence
of calcium intake and vitamin D status. J Am Coll Nutr 22: 201-207.

Bréamswig S, Prinz-Langenohl R, Lamers Y, Tobolski O, Wintergerst E, et al.
(2009) Supplementation with a multivitamin containing 800 microg of folic acid
shortens the time to reach the preventive red blood cell folate concentration in
healthy women. Int J Vitam Nutr Res 79: 61-70.

Thamm M, Mensink GB, Thierfelder W (1999) Folic acid intake of women in
childbearing age. Gesundheitswesen 61: S207-212.

Schaefer E, Bieri G, Sancak O, Barella L, Maggini S (2016) A randomized,
placebo-controlled trial in women of childbearing age to assess the effect of
folic acid and methyl-tetrahydrofolate on erythrocyte folate levels. Vitam Miner
5:134.

Public Health England and Food Standards Agency (2014) National Diet and
Nutrition Survey. Results from Years 1, 2, 3 and 4 (combined) of the Rolling
Programme p: 23.

Tulchinsky TH (2010) Micronutrient deficiency conditions: global health issues.
Public Health Rev 32: 243-255.

Fayet-Moore F, Petocz P, Samman S (2014) Micronutrient status in female
university students: iron, zinc, copper, selenium, vitamin B12 and folate.
Nutrients 6: 5103-5116.

Gall S, Seal J, Taylor R, Dwyer T, Venn A (2012) Folate status and socio-
demographic predictors of folate status, among a national cohort of women
aged 26-36 in Australia, 2004-2006. Aust N Z J Public Health 36: 421-426.

Zappacosta B, Persichilli S, lacoviello L, Di Castelnuovo A, Graziano M, et al.
(2013) Folate, vitamin B12 and homocysteine status in an Italian blood donor
population. Nutr Metab Cardiovasc Dis 23: 473-480.

Baker PN, Wheeler SJ, Sanders TA, Thomas JE, Hutchinson CJ, et al. (2009)
A prospective study of micronutrient status in adolescent pregnancy. Am J Clin
Nutr 89: 1114-1124.

Jacquemyn Y, Ajaji M, Karepouan N, Jacquemyn N, Van Sande H (2014)
Vitamin B12 and folic acid status of term pregnant women and newborns in the
Antwerp region, Belgium. Clin Exp Obstet Gynecol 41: 141-143.

.Ubeda N, Reyes L, Gonzalez-Medina A, Alonso-Aperte E, Varela-Moreiras

G (2011) Physiologic changes in homocysteine metabolism in pregnancy: A
longitudinal study in Spain. Nutrition 27: 925-930.

Fayyaz F, Wang F, Jacobs RL, O’Connor DL, Bell RC, et al. (2014) Folate,
vitamin B12, and vitamin B6 status of a group of high socioeconomic status
women in the Alberta Pregnancy Outcomes and Nutrition (APrON) cohort. Appl
Physiol Nutr Metab 39: 1402-1408.

Hure AJ, Collins CE, Smith R (2012) A longitudinal study of maternal folate and
vitamin B12 status in pregnancy and postpartum, with the same infant markers
at 6 months of age. Matern Child Health 16: 792-801.

Shibata K, Fukuwatari T, Sasaki S, Sano M, Suzuki K, et al. (2013) Urinary
excretion levels of water-soluble vitamins in pregnant and lactating women in
Japan. J Nutr Sci Vitaminol (Tokyo) 59: 178-186.

. Takimoto H, Mito N, Umegaki K, Ishiwaki A, Kusama K, et al. (2007) Relationship

between dietary folate intakes, maternal plasma total homocysteine and
B-vitamins during pregnancy and fetal growth in Japan. Eur J Nutr 4: 300-306.

Matsuzaki M, Haruna M, Ota E, Sasaki S, Nagai Y, et al. (2008) Dietary folate
intake, use of folate supplements, lifestyle factors, and serum folate levels
among pregnant women in Tokyo, Japan. J Obstet Gynaecol Res 34: 971-979.

Yamada T, Morikawa M, Yamada T, Kishi R, Sengoku K, et al. (2013) First-
trimester serum folate levels and subsequent risk of abortion and preterm birth
among Japanese women with singleton pregnancies. Arch Gynecol Obstet
287: 9-14.

38.

39.

40.

4

RN

42.

43.

44,

45.

46.

4

hy)

4

49.

50

51.

52.

53.

54.

5

[

56.

57.

58.

@®

Rai D, Bird JK, McBurney MI, Chapman-Novakofski KM (2014) Nutritional
status as assessed by nutrient intakes and biomarkers among women of
childbearing age — is the burden of nutrient inadequacies growing in America?.
Public Health Nutr 18: 1658-1669.

Hedlund L, Brembeck P, Olausson H (2013) Determinants of vitamin D status
in fair-skinned women of childbearing age at northern latitudes. PLoS One 8:
€60864.

Milman N, Hvas AM, Bergholt T (2011) Vitamin D status during normal
pregnancy and postpartum. A longitudinal study in 141 Danish women. J
Perinat Med 40: 57-61.

.Moon RJ, Crozier SR, Dennison EM, Davies JH, Robinson SM, et al. (2015)

Tracking of 25-hydroxyvitamin D status during pregnancy: the importance of
vitamin D supplementation. Am J Clin Nutr 102: 1081-1087.

Ekeroma AJ, Camargo CA Jr, Scragg R, Wall C, Stewart A, et al. (2015)
Predictors of vitamin D status in pregnant women in New Zealand. N Z Med
J 128: 24-34.

Perampalam S, Ganda K, Chow KA, Opie N, Hickman PE, et al. (2011) Vitamin
D status and its predictive factors in pregnancy in 2 Australian populations.
Aust N Z J Obstet Gynaecol 51: 353-359.

Song SJ, Si S, Liu J, Chen X, Zhou L, et al. (2013) Vitamin D status in Chinese
pregnant women and their newborns in Beijing and their relationships to birth
size. Public Health Nutr 16: 687-692.

Tao M, Shao H, Gu J, Zhen Z (2012) Vitamin D status of pregnant women in
Shanghai, China. J Matern Fetal Neonatal Med 25: 237-239.

Xiao JP, Zang J, Pei JJ, Xu F, Zhu Y, et al. (2015) Low maternal vitamin D
status during the second trimester of pregnancy: a cross-sectional study in
Wuxi, China. PLoS One 10: e0117748.

. Shiraishi M, Haruna M, Matsuzaki M, Murayama R (2014) Demographic and

lifestyle factors associated with vitamin D status in pregnant Japanese women.
J Nutr Sci Vitaminol (Tokyo) 60: 420-428.

Eckhardt CL, Gernand AD, Roth DE, Bodnar LM (2015) Maternal vitamin D
status and infant anthropometry in a US multi-centre cohort study. Ann Hum
Biol 42: 215-222.

Rocha VS, Lavanda |, Nakano EY, Ruano R, Zugaib M, et al. (2012) Calcium
and magnesium status is not impaired in pregnant women. Nutr Res 32: 542-
546.

.Vandevijvere S, Amsalkhir S, Van Oyen H, Moreno-Reyes R (2012)

Determinants of folate status in pregnant women: results from a national cross-
sectional survey in Belgium. Eur J Clin Nutr 66: 1172-1177.

Mei Z, Cogswell ME, Looker AC, Pfeiffer CM, Cusick SE, et al. (2011)
Assessment of iron status in US pregnant women from the National Health
and Nutrition Examination Survey (NHANES), 1999-2006. Am J Clin Nutr 93:
1312-1320.

U.S. Department of Health and Human Services, Food and Drug Administration
and Center for Food Safety and Applied Nutrition (November 2015) Questions
and Answers on FDA's Fortification Policy. Guidance for Industry.

Bath SC, Sleeth ML, McKenna M, Walter A, Taylor A, et al. (2014) lodine intake
and status of UK women of childbearing age recruited at the University of
Surrey in the winter. Br J Nutr 112: 1715-1723.

Watutantrige Fernando S, Cavedon E, Nacamulli D, Pozza D, Ermolao A, et al.
(2016) lodine status from childhood to adulthood in females living in North-East
Italy: lodine deficiency is still an issue. Eur J Nutr 55: 335-340.

. Charlton K, Yeatman H, Lucas C, Axford S, Gemming L, et al. (2012) Poor

knowledge and practices related to iodine nutrition during pregnancy and
lactation in australian women: pre- and post-iodine fortification. Nutrients 4:
1317-1327.

Katz PM, Leung AM, Braverman LE, Pearce EN, Tomlinson G, et al. (2013)
lodine nutrition during pregnancy in Toronto, Canada. Endocr Pract 19: 206-
211.

Mao G, Ding G, Lou X, Zhang R, Zheng P, et al. (2015) Survey of iodine
nutritional status in 2011, Zhejiang, China. Asia Pac J Clin Nutr 24: 234-244.

Rayman MP, Bath SC, Westaway J, Williams P, Mao J, et al. (2015) Selenium
status in U.K. pregnant women and its relationship with hypertensive conditions
of pregnancy. Br J Nutr 113: 249-258.

J Nutr Disorders Ther, an open access journal
ISSN: 2161-0509

Volume 6 « Issue 4 + 1000199


http://dx.doi.org/10.3109/13625187.2014.990088
http://dx.doi.org/10.3109/13625187.2014.990088
http://dx.doi.org/10.1016/j.placenta.2008.12.006
http://dx.doi.org/10.1016/j.placenta.2008.12.006
http://europepmc.org/abstract/med/25654610
http://europepmc.org/abstract/med/25654610
http://europepmc.org/abstract/med/25654610
http://europepmc.org/abstract/med/25654610
http://dx.doi.org/10.1080/07315724.2003.10719294
http://dx.doi.org/10.1080/07315724.2003.10719294
http://dx.doi.org/10.1080/07315724.2003.10719294
http://dx.doi.org/10.1024/0300-9831.79.2.61
http://dx.doi.org/10.1024/0300-9831.79.2.61
http://dx.doi.org/10.1024/0300-9831.79.2.61
http://dx.doi.org/10.1024/0300-9831.79.2.61
http://europepmc.org/abstract/med/10726422
http://europepmc.org/abstract/med/10726422
http://www.mdpi.com/2072-6643/6/11/5103/htm
http://www.mdpi.com/2072-6643/6/11/5103/htm
http://www.mdpi.com/2072-6643/6/11/5103/htm
http://dx.doi.org/10.1111/j.1753-6405.2012.00910.x
http://dx.doi.org/10.1111/j.1753-6405.2012.00910.x
http://dx.doi.org/10.1111/j.1753-6405.2012.00910.x
http://dx.doi.org/10.1016/j.numecd.2011.10.001
http://dx.doi.org/10.1016/j.numecd.2011.10.001
http://dx.doi.org/10.1016/j.numecd.2011.10.001
http://dx.doi.org/10.3945/ajcn.2008.27097
http://dx.doi.org/10.3945/ajcn.2008.27097
http://dx.doi.org/10.3945/ajcn.2008.27097
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0181
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0181
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0181
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0181
https://dx.doi.org/10.1007/s10995-011-0782-0
https://dx.doi.org/10.1007/s10995-011-0782-0
https://dx.doi.org/10.1007/s10995-011-0782-0
http://doi.org/10.3177/jnsv.59.178
http://doi.org/10.3177/jnsv.59.178
http://doi.org/10.3177/jnsv.59.178
https://dx.doi.org/10.1007/s00394-007-0667-6
https://dx.doi.org/10.1007/s00394-007-0667-6
https://dx.doi.org/10.1007/s00394-007-0667-6
https://dx.doi.org/10.1111/j.1447-0756.2008.00821.x
https://dx.doi.org/10.1111/j.1447-0756.2008.00821.x
https://dx.doi.org/10.1111/j.1447-0756.2008.00821.x
http://link.springer.com/article/10.1007/s00404-012-2501-5
http://link.springer.com/article/10.1007/s00404-012-2501-5
http://link.springer.com/article/10.1007/s00404-012-2501-5
http://link.springer.com/article/10.1007/s00404-012-2501-5
http://dx.doi.org/10.1017/S1368980014002067
http://dx.doi.org/10.1017/S1368980014002067
http://dx.doi.org/10.1017/S1368980014002067
http://dx.doi.org/10.1017/S1368980014002067
http://dx.doi.org/10.1371/journal.pone.0060864
http://dx.doi.org/10.1371/journal.pone.0060864
http://dx.doi.org/10.1371/journal.pone.0060864
http://dx.doi.org/10.1515/JPM.2011.120
http://dx.doi.org/10.1515/JPM.2011.120
http://dx.doi.org/10.1515/JPM.2011.120
http://ajcn.nutrition.org/content/102/5/1081.short
http://ajcn.nutrition.org/content/102/5/1081.short
http://ajcn.nutrition.org/content/102/5/1081.short
http://europepmc.org/abstract/med/26411844
http://europepmc.org/abstract/med/26411844
http://europepmc.org/abstract/med/26411844
http://dx.doi.org/10.1111/j.1479-828X.2011.01313.x
http://dx.doi.org/10.1111/j.1479-828X.2011.01313.x
http://dx.doi.org/10.1111/j.1479-828X.2011.01313.x
http://dx.doi.org/10.1017/S1368980012003084
http://dx.doi.org/10.1017/S1368980012003084
http://dx.doi.org/10.1017/S1368980012003084
http://dx.doi.org/10.3109/14767058.2011.569613
http://dx.doi.org/10.3109/14767058.2011.569613
http://dx.doi.org/10.1371/journal.pone.0117748
http://dx.doi.org/10.1371/journal.pone.0117748
http://dx.doi.org/10.1371/journal.pone.0117748
http://dx.doi.org/10.3177/jnsv.60.420
http://dx.doi.org/10.3177/jnsv.60.420
http://dx.doi.org/10.3177/jnsv.60.420
http://dx.doi.org/10.3109/03014460.2014.954616
http://dx.doi.org/10.3109/03014460.2014.954616
http://dx.doi.org/10.3109/03014460.2014.954616
http://dx.doi.org/10.1016/j.nutres.2012.05.010
http://dx.doi.org/10.1016/j.nutres.2012.05.010
http://dx.doi.org/10.1016/j.nutres.2012.05.010
http://dx.doi.org/10.1038/ejcn.2012.111
http://dx.doi.org/10.1038/ejcn.2012.111
http://dx.doi.org/10.1038/ejcn.2012.111
http://dx.doi.org/10.3945/ajcn.110.007195
http://dx.doi.org/10.3945/ajcn.110.007195
http://dx.doi.org/10.3945/ajcn.110.007195
http://dx.doi.org/10.3945/ajcn.110.007195
http://dx.doi.org/10.1017/S0007114514002797
http://dx.doi.org/10.1017/S0007114514002797
http://dx.doi.org/10.1017/S0007114514002797
http://dx.doi.org/10.1007/s00394-015-0853-x
http://dx.doi.org/10.1007/s00394-015-0853-x
http://dx.doi.org/10.1007/s00394-015-0853-x
http://www.mdpi.com/2072-6643/4/9/1317/htm
http://www.mdpi.com/2072-6643/4/9/1317/htm
http://www.mdpi.com/2072-6643/4/9/1317/htm
http://www.mdpi.com/2072-6643/4/9/1317/htm
http://dx.doi.org/10.4158/EP12193.OR
http://dx.doi.org/10.4158/EP12193.OR
http://dx.doi.org/10.4158/EP12193.OR
http://dx.doi.org/10.6133%2fapjcn.2015.24.2.08
http://dx.doi.org/10.6133%2fapjcn.2015.24.2.08

Citation: Schaefer E (2016) Micronutrient Deficiency in Women Living in Industrialized Countries During the Reproductive Years: Is there a Basis for
Supplementation with Multiple Micronutrients? J Nutr Disorders Ther 6: 199. doi: 10.4172/2161- 0509.1000199

Page 8 of 8

59.

60.

6

=

62.

63.

64.

6

[

66.

67.

68.

69.

7

o

7

-

72.

73.

74.

7

7

77.

o

o

Kontic-Vucinic O, Sulovic N, Radunovic N (2006) Micronutrients in women's
reproductive health: Il. Minerals and trace elements. Int J Fertil Womens Med
51:116-124.

Lamers Y, Prinz-Langenohl R, Bramswig S, Pietrzik K (2006) Red blood
cell folate concentrations increase more after supplementation with [6S]-5-
methyltetrahydrofolate than with folic acid in women of childbearing age. Am
J Clin Nutr 84: 156-161.

. Norsworthy B, Skeaff CM, Adank C, Green TJ (2004) Effects of once-a-week

or daily folic acid supplementation on red blood cell folate concentrations in
women. Eur J Clin Nutr 58: 548-554.

Adank C, Green TJ, Skeaff CM, Briars B (2003) Weekly high-dose folic Acid
supplementation is effective in lowering serum homocysteine concentrations in
women. Ann Nutr Metab 47: 55-59.

Mills JL, Scott JM, Kirke PN, McPartlin JM, Conley MR, et al. (1996)
Homocysteine and neural tube defects. J Nutr 126: 756S-760S.

Czeizel AE (2004) The primary prevention of birth defects: Multivitamins or folic
acid?. Int J Med Sci 1: 50-61.

. Ramakrishnan U, Grant FK, Goldenberg T, Bui V, Imdad A, et al. (2012) Effect

of multiple micronutrient supplementation on pregnancy and infant outcomes:
A systematic review. Paediatr Perinat Epidemiol 26: 153-167.

Dean SV, Lassi ZS, Imam AM, Bhutta ZA (2014) Preconception care: nutritional
risks and interventions. Reprod Health 11: S3.

Wang YF, PeiLJ, Song XM, Chen G, Zheng XY (2013) Impact of periconceptional
multi-micronutrient supplementation on gestation: a population-based study.
Biomed Environ Sci 26: 23-31.

Haider BA, Bhutta ZA (2015) Multiple-micronutrient supplementation for
women during pregnancy. Cochrane Database of Systematic Reviews 11(Art.
No.: CD004905).

Sie KK, Li J, Ly A, Sohn KJ, Croxford R, et al. (2013) Effect of maternal and
postweaning folic acid supplementation on global and gene-specific DNA
methylation in the liver of the rat offspring. Mol Nutr Food Res 57: 677-685.

. Penailillo R, Guajardo A, Llanos M, Hirsch S, Ronco AM (2015) Folic acid

supplementation during pregnancy induces sex-specific changes in methylation
and expression of placental 11B-hydroxysteroid dehydrogenase 2 in rats. PLoS
ONE 10: e0121098.

. Steegers-Theunissen RP, Obermann-Borst SA, Kremer D, Lindemans J,

Siebel C, et al. (2009) Periconceptional maternal folic acid use of 400 microg
per day is related to increased methylation of the IGF2 gene in the very young
child. PLoS ONE 4(11): e7845.

Burdge GC, Lillycrop KA (2012) Folic acid supplementation in pregnancy: Are
there devils in the detail? Br J Nutr 108: 1924-1930.

Barua S, Kuizon S, Junaid MA (2014) Folic acid supplementation in pregnancy
and implications in health and disease. J Biomed Sci 21: 77.

Radhika MS, Bhaskaram P, Balakrishna N, Ramalakshmi BA, Devi S, et al.
(2002) Effects of vitamin A deficiency during pregnancy on maternal and child
health. BJOG 109: 689-693.

Hovdenak N, Haram K (2012) Influence of mineral and vitamin supplements on
pregnancy outcome. Eur J Obstet Gynecol Reprod Biol 164: 127-132.

IOM (Institute of Medicine) (2011) Dietary reference intakes for calcium and
vitamin D. The National Academies Press, Washington DC.

D-A-CH: German Nutrition Society (DGE), Austrian Nutrition Society (OGE),
Swiss Society for Nutrition Research (SGE) and Swiss Nutrition Association

78.

79.

80.

81.
82.

83.

84.

85.

86.

87

88.

89.

90

91.

92.

93.

94.

95.

96.

97.

98.

(SVE) (2000) Reference values for nutrient intake. Frankfurt/Main, Umschau
Braus.

Australian Government Ministry of Health, Department of Health and Ageing
and National Health and Medical Research Council (2005) Nutrient Reference
Values for Australia and New Zealand Including Recommended Dietary Intakes.

UK Government and Department for Environment Food & Rural Affairs (2014)
Reference nutrient intakes. Guidance: Family Food Methodology.

Guidelines 2.3.1.2432-08 (2008) Norms of physiological needs of energy and
nutrients for different groups of the population in the Russian Federation.

Chinese Nutrition Society (2013) Chinese DRIs handbook.

Japan Ministry of Health Labour and Welfare (2015) Overview of dietary
reference intakes for Japanese (2015).

Krawinkel MB, Strohm D, Weissenborn A, Watzl B, Eichholzer M, et al. (2014)
Revised D-A-CH intake recommendations for folate: how much is needed?. Eur
J Clin Nutr 68: 719-723.

Wood CL, Cheetham TD (2016) Vitamin D: increasing supplement use among
at-risk groups (NICE guideline PH56). Arch Dis Child Educ Pract Ed 101: 43-
45.

SACN (Scientific Advisory Committee on Nutrition) (2014) SACN statement on
iodine and health.

SACN (Scientific Advisory Committee on Nutrition) (2013) SACN position
statement on selenium and health.

. Bendich A (1993) Lifestyle and environmental factors that can adversely affect

maternal nutritional status and pregnancy outcomes. Ann N Y Acad Sci 678:
255-265.

Attree P (2005) Low-income mothers, nutrition and health: a systematic review
of qualitative evidence. Matern Child Nutr 1: 227-240.

Biesalski HK (2013) Hidden hunger in the developed world. The road to good
nutrition. A global perspective. Karger, Basel, Switzerland.

.Dindyal S, Dindyal S (2003) How personal factors, including culture and

ethnicity, affect the choices and selection of food we make. Internet J Third
World Med 1: 1-4.

World Health Organization and Food and Agricultural Organization of the
United Nations (2006) Guidelines onfood fortification with micronutrients.

Loénnerdal B (2000) Dietary factors influencing zinc absorption. J Nutr 130:
1378S-83S.

Haug A, Graham RD, Christophersen OA, Lyons GH (2007) How to use
the world's scarce selenium resources efficiently to increase the selenium
concentration in food. Microb Ecol Health Dis 19: 209-228.

Biesalski HK (2013) Hidden Hunger.
Heidelberg.

Hidden Hunger. Springer Berlin

World Health Organization (2012) Serum and red blood cell folate concentrations
for assessing folate status in populations.

Herbert V (1996) Present knowledge in nutrition. 7th, International Life Sciences
Institute Press, Washington DC.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, et
al. (2011) Evaluation, treatment, and prevention of vitamin D deficiency: an
Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab 96:
1911-1930.

World Health Organization (2013) Urinary iodine concentrations for determining
iodine status in populations.

J Nutr Disorders Ther, an open access journal
ISSN: 2161-0509

Volume 6 « Issue 4 + 1000199


http://europepmc.org/abstract/med/17039855
http://europepmc.org/abstract/med/17039855
http://europepmc.org/abstract/med/17039855
http://ajcn.nutrition.org/content/84/1/156.short
http://ajcn.nutrition.org/content/84/1/156.short
http://ajcn.nutrition.org/content/84/1/156.short
http://ajcn.nutrition.org/content/84/1/156.short
http://dx.doi.org/10.1038/sj.ejcn.1601843
http://dx.doi.org/10.1038/sj.ejcn.1601843
http://dx.doi.org/10.1038/sj.ejcn.1601843
http://dx.doi.org/69278
http://dx.doi.org/69278
http://dx.doi.org/69278
http://search.proquest.com/openview/6f49c011b473d0a8ef25e28aa1c25495/1?pq-origsite=gscholar&cbl=34400
http://search.proquest.com/openview/6f49c011b473d0a8ef25e28aa1c25495/1?pq-origsite=gscholar&cbl=34400
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01276.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01276.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3016.2012.01276.x/full
https://dx.doi.org/10.1186/1742-4755-11-S3-S3
https://dx.doi.org/10.1186/1742-4755-11-S3-S3
http://dx.doi.org/10.3967/0895-3988.2013.01.003
http://dx.doi.org/10.3967/0895-3988.2013.01.003
http://dx.doi.org/10.3967/0895-3988.2013.01.003
http://dx.doi.org/10.1002/mnfr.201200186
http://dx.doi.org/10.1002/mnfr.201200186
http://dx.doi.org/10.1002/mnfr.201200186
http://dx.doi.org/10.1371/journal.pone.0121098
http://dx.doi.org/10.1371/journal.pone.0121098
http://dx.doi.org/10.1371/journal.pone.0121098
http://dx.doi.org/10.1371/journal.pone.0121098
http://dx.doi.org/10.1371/journal.pone.0007845
http://dx.doi.org/10.1371/journal.pone.0007845
http://dx.doi.org/10.1371/journal.pone.0007845
http://dx.doi.org/10.1371/journal.pone.0007845
http://dx.doi.org/10.1017/S0007114512003765
http://dx.doi.org/10.1017/S0007114512003765
http://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-014-0077-z
http://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-014-0077-z
https://dx.doi.org/10.1111/j.1471-0528.2002.01010.x
https://dx.doi.org/10.1111/j.1471-0528.2002.01010.x
https://dx.doi.org/10.1111/j.1471-0528.2002.01010.x
http://dx.doi.org/10.1016/j.ejogrb.2012.06.020
http://dx.doi.org/10.1016/j.ejogrb.2012.06.020
https://dx.doi.org/10.1038%2Fejcn.2014.45
https://dx.doi.org/10.1038%2Fejcn.2014.45
https://dx.doi.org/10.1038%2Fejcn.2014.45
http://dx.doi.org/10.1136/archdischild-2015-308299
http://dx.doi.org/10.1136/archdischild-2015-308299
http://dx.doi.org/10.1136/archdischild-2015-308299
https://dx.doi.org/10.1111/j.1749-6632.1993.tb26127.x
https://dx.doi.org/10.1111/j.1749-6632.1993.tb26127.x
https://dx.doi.org/10.1111/j.1749-6632.1993.tb26127.x
http://dx.doi.org/10.1111/j.1740-8709.2005.00022.x
http://dx.doi.org/10.1111/j.1740-8709.2005.00022.x
http://jn.nutrition.org/content/130/5/1378S.short
http://jn.nutrition.org/content/130/5/1378S.short
http://www.tandfonline.com/doi/abs/10.1080/08910600701698986
http://www.tandfonline.com/doi/abs/10.1080/08910600701698986
http://www.tandfonline.com/doi/abs/10.1080/08910600701698986
http://dx.doi.org/10.1210/jc.2011-0385
http://dx.doi.org/10.1210/jc.2011-0385
http://dx.doi.org/10.1210/jc.2011-0385
http://dx.doi.org/10.1210/jc.2011-0385

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction 
	Impact of insufficient micronutrients during periconception 
	Recommended micronutrient levels in females 
	An adequate micronutrient intake is not always possible 
	Micronutrient status of women in the general population 
	Role of supplementation 

	Summary
	Acknowledgements
	Author Contributions 
	Conflicts of Interest 
	Declaration of Funding 
	Table 1
	Table 2
	Table 3
	References

