4/13/2015

Formulary JournalClinical PharmacologyPregnancyl.og in to save to my locker

Prenatal vitamins: A review of the literature on benefits and
risks of various nutrient supplements

January 31,2013
By Anna K. Sfakianaki. MD. MPH

Topic-Based This article is part of a resource center:

Resource Centers  Prenatal Vitamins

Most pregnant women take a daily prenatal vitamin, but advising the patient can be difficult
because so many different formulations are available.

Prenatal vitamins generally contain a variety of vitamins and minerals and may be similar to
multivitamins used outside of pregnancy, with some notable differences. Some of these vitamins
have been studied directly (eg, folic acid), and their recommended allowance comes from sound
evidence. But for most vitamins, data are limited, and for multivitamins (also referred to as
multimicronutrient supplements), study results can be biased by confounding variables. This article
reviews the evidence in support of supplemental vitamin use during pregnancy. The discussion
focuses primarily on data retrieved from the developed world, because the nutritional challenges of
the developing world are distinct.

GENERAL NUTRITION REQUIREMENTS DURING PREGNANCY

Pregnancy represents a time of rapid change in maternal physiology and nutritional requirements.
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These changes allow the mother to meet the needs of the growing fetus and placenta and occur
within weeks of the establishment of pregnancy. Dietary recommendations during pregnancy have
focused on maintaining adequate caloric intake while avoiding substances that may harm the
growing fetus. A particular focus on micronutrients during pregnancy has led to specific
recommendations regarding nutrients such as calcium, folic acid, and iron.

Since 1997, the Institute of Medicine’s (IOM) Food and Nutrition Board has been publishing
dietary reference intakes (DRIs) for healthy people throughout the life stages, including pregnancy

(Table 1, page 78).! These tables include recommended daily allowances (RDAs) for which the
committee believed there was enough information to make such a recommendation. In some
circumstances, the Food and Nutrition Board did not have enough data to determine RDAs, and
therefore, the available information combined with expert opinion, was used to develop adequate
intake values. The American College of Obstetricians and Gynecologists (ACOG) has incorporated

these tables into its recommendations for nutrition during the perinatal period‘2
SPECIFIC VITAMIN REQUIREMENTS
Folic acid

The naturally occurring, water-soluble vitamin folate 1s integral to the synthesis and maintenance of
DNA, metabolism of amino acids, production of red blood cells, and growth of the fetus and

placenta.3 Folate 1s found in a number of foods and is most readily acquired from green leafy

vegetables (1e, foliage), which gave it its name.3 Folic acid is a synthetic compound that is used as a
folate supplement in various dosages.

Strong evidence links folic acid supplementation to a decreased incidence of neural tube defects,
and all authorities recommend an increased allowance for women of childbearing age.

A Cochrane review summarized data from randomized and quasi-randomized trials of daily

periconceptional folic acid supplementation at doses of 360 pg to 4000 pg (0.36 mg-4 mg).4
Supplementation was effective at reducing both primary (first occurrence) and recurrent neural tube
lesions in this meta-analysis, which included 5 trials and 6,105 women. No negative effects were
noted.

Folic acid supplementation may also be beneficial for preventing other congenital anomalies such as
cleft lip/palate and heart defects; however, evidence from randomized trials 1s lacking,

[deally, an adequate amount of folic acid is obtained from the diet. Fortification of grain products
with folic acid began in 1998 in the United States, and the incidence of neural tube defects has
decreased since then.” Still, the majority of US women do not consume the recommended

allowance of folic acid, so supplementation is recommended.©

Because the neural tube closes by 7 to 8 weeks’ gestation, before most women know they are
pregnant, and given that approximately 50% of pregnancies are unplanned, it is prudent for all
women of childbearing age to take supplemental folic acid. Unfortunately, a significant number of
women do not take supplements, especially women with less education and of minority
backgrounds. (This “folate gap™ is discussed further in the December 2010 issue of Contemporary

OB/GYN.”)

The RDA for folate during pregnancy is 600 ug/day.1 The US Preventive Services Task Force
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recommends that all women planning or capable of pregnancy take a daily supplement containing
400 pg to 800 pg (0.4 mg-0.8 mg) of folic acid.8 ACOG recommends 400 pg/day for low-risk

women and 4000 pg (4 mg) daily for high-risk women, such as women with a history of an affected

pregnancy and those taking antiepileptic medications.”

Omega-3 fatty acids

Docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are omega-3 (also known as n-3)
long-chain polyunsaturated fatty acids (LCPUFAs), which are found in many prenatal vitamins and

supplements and are promoted as beneficial for fetal neurodevelopmen‘[.3

Omega-3 fatty acids are associated with vasodilation, inhibition of thrombosis, and reduction in
inflammation. In general, these nutrients are found in plants such as walnuts and in oils made from
soy, canola, and flaxseed. Both DHA and EPA are found in fatty fish (salmon, tuna, trout, sardines,
and mackerel) and in smaller amounts in lean fish and shrimp.

Also, DHA is the most abundant fatty acid in the brain, where it accumulates rapidly in the third
trimester and neonatal period.10 Thus, maternal nutrition may affect the amount of DHA deposited
in the growing brain.

Table 1

Vitamin and mineral intake during pregnancy

Abbreviations: RDA, Recommended Dietary ABowance; Al, Adeguate Intake

* As cholecalciferol; 1 pg chalecalciferol=410 WU vitamin O

Formulary/Source: Ref 1

Multiple observational
studies in humans and
animal studies have
linked fish, fish oil,
and/or LCPUFA

supplementation with
Vitamin or mineral Iﬂ:tkaa?ﬂrﬁfﬂazmcﬂl Tolerable upper limit imr;)I;ove d cognitive
| Vitamin A (ug/d) 750-770 2,800-3,000 function in offspring. 1
Vitamin C (mg/d) 80-85 1,800-2,000 Unfortunately,
Vitamin D (pg/d)* 15 100 observational studies are
Yitamin E (mg/d) 15 800-1,000 subject to variops biases.
Folate (ug/d) 600 800-1,000 For example, higher fish
consumption in the
Vitamin B& (mg/d) 1.9 80-100 United States is
Vitamin B12 (pg/d) 26 ND associated with higher
Iron (mg/d) 27 45 socloeconomic status
Calcium (mg/d) 1,000-1,300 2,500-3,000 and other healthy habits.
lodine (pg/d) 220 900-1,100

The gold standard for the
evaluation of causality is
the randomized trial, and
4 major randomized
trials have evaluated the

use of fish oil supplements during pregnancy and lactation. 11-14 These trials, none of which was
performed in the United States, failed to show a consistent benefit of supplementation.

The largest study, dubbed the DHA to Optimize Mother Infant Outcome (DOMInO) trial, took

place in Australia and recruited more than 2.000 women before 21 weeks’ gestation.!2 The
participants received fish oil capsules with 800 mg of DHA per day or vegetable oil capsules
without DHA until birth. No differences were found in the infants’ cognitive or language
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development at 18 months or in visual acuity at 4 months. 15 There were also no differences in
maternal

postpartum depression.'?

This study did find a lower rate of preterm birth (<34 weeks) and a smaller incidence of low birth
weight (LBW; <2.500 g), although the numbers in these groups were small. An analysis of infants
in this trial who were deemed to be at high hereditary risk of developing allergic disease (n=706)

found no difference in immunoglobulin E-associated allergies (eczema or food allergy), but lower

rates of atopic eczema and egg sensitization were noted.'®

A similar trial was conducted in Norway comparing cod liver oil containing more than 1000 mg of
DHA and 800 mg of EPA to corn oil that contained primarily linoleic and alpha-linoleic acid.'1-17
At 9 months, there were no differences in cognitive development or growth. n

At 4 years, children in the cod liver oil group had higher scores on development and cognitive

tests.!” However, at 7 years, there were no differences in IQ or body mass index.!® A major
limitation of this study was the high dropout rate.

The 2 other smaller trials found modest benefits in eye-and-hand coordination, '3 and although

maternal DHA levels were positively associated with cognitive function, supplementation was
14,19
not.” ™

The associations between omega-3 fatty acids and a number of other maternal, neonatal, and
pediatric outcomes have been explored. A systematic review found no consistent effect of

supplementation during pregnancy or lactation on infant and child body composition.20 A Cochrane

review found no benefit in the prevention of preeclampsia or intrauterine growth restriction.2!

However, this review, as in other studies,!2%2 did find a significantly longer gestation in women
receiving supplements, along with a lower risk of preterm delivery (<34 weeks), even after
adjusting for possible confounding factors.

The association between omega-3 fatty acids and maternal depression is unclear, with observational

studies suggesting a protective effect but with randomized trials and pooled observational studies
122324

showing no benefit.

Similar to the lack of effect of DHA during pregnancy, fish oil and DHA supplementation during
lactation also achieved no significant differences in primary neurodevelopmental outcomes,

according to a Cochrane review of 6 randomized trials.2> In 2 trials, head circumference was larger
among infants exposed to supplements. In some of these studies, supplementation was initiated
during pregnancy, and a subgroup analysis is planned.

Because the benefits of DHA during pregnancy have not been proven, DRIs have not been
established in the United States. However, many expert groups suggest 200 mg of DHA intake
daily.26 This may be achieved in a number of ways but is ideally derived by eating 1 to 2 portions
of fish per week. Approximately 1 g of EPA/DHA can be obtained from 100 g (3.5 0z) of oily fish.

Because of the risk of mercury exposure, pregnant women should avoid shark, king mackerel,

swordfish, and tilefish. 27

In short, pregnant women should consume at least 2 meals of fish per week to achieve a DHA goal
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of 200 mg/day. Supplementation with DHA and EPA cannot be definitively recommended during
pregnancy because of lack of data. However, evidence of risk is low.

Vitamin D

Vitamin D 1s an essential fat-soluble nutrient and has been the focus of considerable media attention
over the past few years. The term vitamin D, or calciferol, generally refers to either vitamin D, or

vitamin Ds.

Technically, vitamin D is not a vitamin at all, because it is synthesized in the skin primarily through

ultraviolet irradiation of 7-dehydrocholesterol.?8 In the Western world, where the amount of sun
exposure 1s limited because of skin covering, sunscreen use, and prolonged time indoors, most
vitamin D is obtained through ingestion of fortified milk and cheese products, and through vitamin

supplementation.2? Vitamin D can be obtained from dietary sources such as fatty fish and egg yolks
(Table 4). Vitamin D is measured in the serum as 25-hydroxyvitamin D (250HD or calcidiol) in
ng/mL or nmol/L.

Proposed perinatal effects of vitamin D deficiency include increased risk of preeclampsia, cesarean
delivery (CD), intrahepatic cholestasis of pregnancy, preterm birth, small for gestational age (SGA),

gestational diabetes, and others. 393! The data regarding these associations are limited and
conflicting, and the biologic mechanisms through which vitamin D deficiency mediates these
effects are theorized. Vitamin D may mediate preeclampsia risk through its immunomodulatory

effects at the time of placental 1'mplantation,32 through alteration of inflammatory cytokines in the
placenta,33 or through effects on calcium homeostasis and overall cardiovascular health.3* Vitamin
D may mediate CD risk through its effects on both smooth muscle and skeletal muscle.3?

Trials of vitamin D supplementation in pregnancy have demonstrated a significantly increased
vitamin D level in the mother; however, improved clinical outcomes have not been observed.30

There is not enough data to support the use of vitamin D supplements to decrease the risk of adverse
perinatal outcomes.>! The current recommendations regarding vitamin D intake are geared toward
the maintenance of bone health in the mother, fetus, and newborn. The normal range of vitamin D
levels is debated. Currently, the IOM suggests that people with 250HD levels less than 12 ng/mL
(30 nmol/L) are at risk of deficiency, whereas those with levels greater than 20 ng/mL (50 nmol/L)
are sufficient, although some experts suggest higher levels.2? The use of higher cutofts has led to an
overestimation of vitamin D insufficiency in the United States.

The DRI for vitamin D during pregnancy is 600 1U (15 ng) per day (Table 1, page 78). Exposure of
arms and legs for 5 to 30 minutes (depending on time of day, season, latitude, and skin
pigmentation) between the hours of 10 am and

3 pm twice a week is often adequate; however, care must be taken to balance the risks of cancer due

to sun exposure.29 The upper limit is 4,000 IU (100 pg) per day; toxic levels do not occur from
prolonged sun exposure. Routine assessment
of vitamin D levels (250HD) in pregnancy is not recommended.

Iron

Adequate elemental iron intake 1s important during pregnancy to maintain the increase in red blood
cell mass and meet the oxygen requirements of the uteroplacental circulation.3” Maternal anemia
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has been associated with
LBW, preterm delivery,

Table 2 perinatal mortality, and
Iron supplements maternal depression. The
US Preventive Services
Preparation and dose Task Force38 and

ACOG recommend that

| all pregnant women be
routinely screened for

anemia. Anemia during

Ferric gluconate, 20 mg iron/mL, I¥ only

Ferrous fumarate, 106 mg elemental iron/325-mg tablet

Ferrous gluconate, 34 mg elemental iron/300-mg tablet

Ferrous sulfate, 65 mg elemental/325-mg tablet | preghancy is defined as
Iron dextran, 50 mg elemental iron/mL, IM or [V hemoglobin and
Iron sucrose, 20 mg iron,/mL. IV only | hematocrit of less than

11 g/dL. and 33%,
respectively, in the first

or third trimester, and as
10.5 g/dL and 32%,

Abbreviations: IM, intramuscular; IV, Intravenous.

Formulary/Source: Ref 37

respectively, in the second trimester.

The DRI for iron is 27 mg/day and can be obtained from most prenatal vitamins (Table 1, page
78).1 This represents an increase of only 10 to 15 mg over the recommendation for nonpregnant
adult women. Although the treatment of iron deficiency anemia is not debated, the benefits of iron

supplementation in healthy women have been questioned, and some studies of iron supplementation

have demonstrated harm 3°

A Cochrane review of 49 trials involving more than 20,000 pregnant women showed that although
prophylactic iron supplementation was associated with higher hemoglobin levels in the peripartum

period, there were no differences in maternal or neonatal clinical outcomes.*? In addition,
significant adverse effects were noted, especially hemoconcentration and constipation. This review
was limited by significant heterogeneity in the study populations because the authors included trials

from a variety of countries in different phases of economic development. A recent study found an

association between iron supplementation and gestational diabetes.*!

As mentioned earlier, the RDA for iron during pregnancy is 27 mg/day.1 In the setting of iron
deficiency anemia, supplementation of 60 mg/day to 80 mg/day of elemental iron is suggested

(Table 2).37 The lowest necessary dose should be used. Vitamin C increases the absorption of iron.
VITAMIN AND MINERAL EXCESS

Although the benefits of certain vitamins during pregnancy can be debated, some vitamins are

associated with convincing evidence of harm when taken in excess doses.3 For example, more than
10,000 IU/day of vitamin A is associated with fetal malformations, yet adequate vitamin A 1s
important to support healthy vision and immune function. Most US women do achieve adequate
vitamin A intake from their diets, and prenatal vitamins contain 4000 to 5000 IU; therefore,
additional supplementation 1s not advised.

Several trials have explored the efficacy of increased amounts of vitamin C (1,000 mg) and vitamin

E (400 IU) for the prevention of preeclampsia.42 When the data were pooled, these studies
demonstrated that not only were the vitamins not protective but also that women who received the
supplements actually had increased risks of gestational hypertension and premature rupture of
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membranes.

Both an excess of iodine and a deficiency of iodine may lead to fetal goiter and developmental
delay. Therefore, women are advised to stay within the RDA. Many prenatal vitamins do not
contain iodine, and therefore dietary intake is important. Supplementation is frequently achieved
through 10dized salt; however, many gourmet and kosher salt preparations do not contain 1odine.
The RDA for pregnancy is 220 pg.

The tolerable upper limits of vitamin and mineral supplementation during pregnancy are listed in
Table 1 (page 78).1

ROLE OF A HEALTHY DIET

Underweight has long been known as a risk factor for adverse pregnancy outcomes. Recently,
overweight and obesity have become much more prevalent and are now recognized as significant
risk factors as well. A healthy diet is necessary to modify these risks, and observational studies have

linked specific dietary patterns, such as a Mediterranean-type diet, with improved pregnancy

outcomes.43=44

Women whose diets are high in processed meats and high-fat dairy foods (compared with those who
eat more fruits, vegetables, and fish) have a higher risk of having infants who are small for

gestational age (SGA).45 However, given that observational studies are at risk for significant bias
because of confounding factors, attempts have been made to perform randomized trials.

For example, the Cardiovascular Risk Reduction Diet in Pregnancy (CARRDIP) trial studied a low-
cholesterol, low-saturated-fat, antiatherogenic diet compared with a usual diet among nonsmoking,

healthy European women.*® This study found a reduction in preterm birth (<37 weeks) of 7.4% in
women on the Mediterranean-type diet compared with 0.7% in the women on their usual diet and

improved uteroplacental circulation as measured by Doppler velocimetry.47 Randomized trials of
specific diets are exceedingly difficult to undertake, however, and so researchers have focused
instead on the use of multivitamins and micronutrient supplements.

MULTIVITAMIN USE

In the developing world, where the risk of malnutrition 1s high, multiple trials have been performed
to assess the effects of prenatal multimicronutrient supplementation. Two recent systematic reviews
and meta-analyses have demonstrated a decreased risk of SGA48 and LBW49 infants in women
who received multimicronutrient supplements versus those who received standard iron-folic acid

supplementation. Reductions in miscarriage, preterm birth, and stillbirth have not been consistently

noted, and vitamins have been associated with an increased incidence of multiple gestation.’ 0

Most of the literature on multivitamin use in the developed world consists of observational studies,
and many have found improved outcomes. Multivitamin use has been associated with a decreased

risk of SGA infants,>! specifically in nonoverweight women,>2 black women,>3 and low-income

urban women.>* The literature regarding preterm birth is conflicting, with some studies showing a

Kk 32.54.55 £33

decreased ris some showing no effect,”” and 1 study showing an increased risk of preterm

birth with multivitamin use.”® A decreased risk of placental abruption has also been noted,>” as

well as a decreased risk of preeclampsia.58
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These observational studies are inherently limited for a number of reasons. First, many were
retrospective, relying on questionnaires administered after pregnancy, and thus were subject to
recall bias. Second, in almost all studies, multivitamin use was significantly associated with a
number of factors that are also known to improve pregnancy outcomes: higher socioeconomic
status, not smoking, more education, married status, and nonminority race. Therefore, although
these observational studies attempted to control for these factors, residual confounding 1s a major
1ssue, and causality cannot be inferred. It just may be that healthier women take vitamins, and
healthier women have better pregnancy outcomes.

SUMMARY

Vitamin and mineral supplements cannot replace a healthy diet, and there are not enough high-
quality data to recommend multivitamin supplements for all American women. The differences
between prenatal vitamins are slight, and no particular vitamin can be recommended over another.
Pregnant women should stay below the upper limits of supplementation per IOM guidelines (Table
1, page 78).1 Folic acid is the 1 vitamin for which definitive evidence supports preventive
supplementation in the periconceptional period.

Multivitamin supplements are recommended for pregnant women who cannot meet the RDAs
through food intake; ideally, these women should be identified before conception and prescribed
supplements at that time. At-risk populations include adolescents, women carrying multiple

gestations, those with a substance abuse history (including tobacco), those with eating disorders,

those taking certain medications that can alter absorption, and strict vegetarians or Vegans.5 9
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