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t the time of conception, maternal
nutritional status is an important

eterminant of embryonic and fetal
rowth.1 Placental and fetal growth is
ost vulnerable to maternal nutrition

tatus during the preimplantation pe-
iod and the period of rapid placental de-
elopment, which occurs during the first
ew weeks of development typically be-
ore pregnancy has been confirmed.2

ost organs form 3-7 weeks after the last
enstrual period and any teratogenic ef-

ects may occur by this time.3 Evidence is
merging that a mother’s diet and life-
tyle influence the long-term health of
er children.2,4 Recent research suggests
hat inadequate levels of maternal nutri-
nts during the crucial period of fetal de-
elopment may lead to reprogramming
ithin the fetal tissues that predisposes

rom the Department of Family Medicine,
oston University School of Medicine,
oston, MA (Drs Gardiner, Long, and Jack
nd Ms Nelson); Department of Family and
reventive Medicine, Emory University
chool of Medicine, Atlanta, GA (Dr
unlop); Division of Maternal and Fetal
edicine, Department of Obstetrics and
ynecology, The Ohio State University
ollege of Medicine, Columbus, OH (Dr
hellhaas); and Nutrition Section, Georgia
ivision of Public Health, Atlanta, GA (Dr
ndrist).

eceived June 17, 2008; revised Oct. 16,
008; accepted Oct. 17, 2008.

eprints: Paula Gardiner, MD, MPH, Boston
edical Center, 1 Boston Medical Center
lace, Dowling 5 South, Boston, MA 02118.
aula.gardiner@bmc.org.

onflict of Interest: Paula M. Gardiner, MD,
PH; Lauren Nelson; Cynthia S. Shellhaas,
D, MPH; Anne L. Dunlop, MD; Richard Long,
D; Sara Andrist, MPH, RD, LD; and Brian W.

ack, MD have no conflict of interest including
rants, honoraria, advisory board membership,
r share holdings.

002-9378/$34.00
2008 Mosby, Inc. All rights reserved.
oi: 10.1016/j.ajog.2008.10.049
he infant to chronic illnesses in adult-
ood.5 A woman’s nutritional status is

nfluenced by numerous variables in-
luding genetics, environment, lifestyle
abits, the presence of disease or physio-

ogical stressors, and drug-toxicant
xposures.6

Nutritional assessment and recom-
endations are important components

f preconception counseling. The key
omponents of the nutrition care pro-
ess include:

A nutrition assessment, including
analysis and interpretation of anthro-
pometric data and adequacy and qual-
ity of dietary habits (including dietary
supplements).
A nutrition diagnosis, which will iden-
tify and label any nutrition-related
problems or risk factors such as obe-
sity or eating disorders.
The nutrition intervention, at which
time the individual’s dietary goals and
plan of action are established and care
is delivered with the emphasis on ap-
propriate weight gain, consumption of
a variety of foods according to the Di-
etary Guidelines 2005, appropriate di-
etary supplement use, and physical ac-

Women of child-bearing age should achie
to conception to help minimize health risk
may not be aware of the importance of pre
have access to nutrition information. Hea
about preconception/pregnancy-related nu
information during preconception counsel
counseled to consume a well-balanced d
calcium-rich foods, and protein-containing
More research is critically needed on the e
the role of obesity in birth outcomes. Preco
for the health care provider to discuss a
intake, and maintaining a healthy weight s

Key words: folic acid, health risks, pregna
women
tivity. t
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Nutrition monitoring, evaluation,
and referrals to dietitians occur as
needed, depending on the individu-
al’s needs.7,8

In this manuscript, we review the evi-
ence for safety and efficacy of nutrition,
ietary supplements, and maternal
eight during the preconception period.

ietary intake prior to conception
ackground: The quality of a woman’s
iet during pregnancy has an influence
n positive fetal and maternal outcomes;
herefore, a healthy, balanced diet is im-
ortant before as well as during pregnan-
y.1,9 Many women of child-bearing age
n the United States do not maintain a
ealthy diet prior to, during, and after
regnancy. Not all women have financial
r logistical access to a high-quality
iet.10 Furthermore, several studies have
hown that most women of reproductive
ge are not getting enough vitamins A, C,
6, and E, folic acid, calcium, iron, zinc,
nd magnesium in their diet.11-13 This
nderscores the importance of encour-
ging healthy eating behaviors early in a
oman’s child-bearing years because

mproving dietary habits requires long-

nd maintain good nutritional status prior
both mothers and infants. Many women

ception nutrition and supplementation or
care providers should be knowledgeable
on and take the initiative to discuss this
. Women of reproductive age should be
including fruits and vegetables, iron and
ds as well as 400 �g of folic acid daily.

acy and safety of dietary supplements and
ption counseling is the perfect opportunity
lthy eating guideline, dietary supplement
s.

-related nutrition, reproductive-age
ve a
s to
con
lth
triti
ing
iet

foo
ffic
nce
hea
tatu

ncy
erm effort.
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Clinical studies have shown a positive
ssociation between a healthy diet dur-
ng the preconception period and preg-
ancy and improved birth out-
omes.14,15 For example, a case-control
tudy on the risk of orofacial clefts by
rapels et al16 concluded that the pre-

onception energy-adjusted intake of
egetable protein, fiber, beta-carotene,
itamin C, vitamin E, iron, and magne-
ium were all significantly lower in cases
ompared with controls. Additionally,
here have been a number of reviews writ-
en on the importance of a healthy diet
rior to and during pregnancy.7,10,17-19

n 1992, the Institute of Medicine (IOM)
ublished Nutrition during Pregnancy
nd Lactation: An Implementation
uide.20 The IOM has also published a

eries of reports establishing the dietary
eference intakes (DRIs).21 Throughout
his review, we will state the DRI for each
upplement we discuss.

Finally, the US Department of Agri-
ulture’s (USDA) Food Guide Pyramid
nd Dietary Guidelines for Americans
ave resources for patients to consume

oods that meet the nutritional require-
ents of pregnancy.22 USDA has re-

eased the MyPyramid food guidance
ystem, which includes MyPyramid Plan
or Moms, which helps women identify
he appropriate food plan according to
regnancy status, age, weight and
eight, and physical activity level (www.
ypyramid.gov/mypyramidmoms).
MyPyramid identifies an appropriate

ood plan that covers the individual’s en-
rgy needs and dietary reference intakes
n the perinatal period.1,7

ietary supplements
ackground: Although many of our re-
uired vitamins, minerals, amino acids,
ssential fatty acids, and other constitu-
nts are found in food, the physiologic
emands of the woman during precon-
eption and pregnancy may require ad-
itional dietary supplementation. Re-
uirements for folic acid, calcium, iron,
inc, vitamin D, vitamin C, and vitamin

increase substantially during preg-
ancy.22 In the United States, dietary
upplements are regulated differently
han prescription medications by the

ood and Drug Administration (FDA). e

346 American Journal of Obstetrics & Gynecology
his difference in regulation may influ-
nce the quality of products on the mar-
et, and our knowledge of dietary sup-
lement safety and efficacy prior to
onception and during perinatal period.
here exist serious concerns about di-
tary supplement safety and efficacy,
uality control, misidentification, adul-
eration, contamination, adverse events,
nd interactions with medications.23

Various national surveys estimate that
8-52% of the US population use dietary
upplements and women use more sup-
lements then men.24-26 Many women
se multivitamins, single vitamins,
erbal products, traditional medicines,

olk remedies, weight loss or sport sup-
lements, and other dietary supplements
rior to and during pregnancy.27-29 Un-

ortunately, many women do not discuss
heir dietary supplement use with their
ealth care professionals.30,31 It is critical
hat all health care professionals ask their
atients which vitamins, minerals,
erbs, traditional remedies, and other
ietary supplements they are using.
omen should be encouraged to bring

n the labels or bottles of all dietary sup-
lements (pills, powders, teas, etc) to de-
ermine whether excessive levels of spe-
ific nutrients (or other bioactive
ompounds) are being consumed on a
aily basis.8,32

vidence for efficacy: Although many
ealth care professionals do recommend
ertain dietary supplements prior to,
uring, and after pregnancy (eg, folate,

ron, and calcium), the safety and effi-
acy of many dietary supplements (eg,
port supplements and weight loss prod-
cts) have not been well established. For
xample, there are few clinical trials eval-
ating the safety and efficacy prior to and
uring pregnancy on herbal prod-
cts.33-35 Today much data available on
erbal products are based on case re-
orts, animal studies, and retrospective
tudies.36,37 Because of the high preva-
ence of dietary supplement use among
omen, more research on the safety and

fficacy of dietary supplements prior to
nd during pregnancy is urgently
eeded. Future studies should focus on
ubject characteristics that may influ-

nce our ability to meet maternal and in- t

Supplement to DECEMBER 2008
ant demands (genetic and environmen-
al), sensitivity, and selectivity of

easured outcomes and proper use of
roxy measures.38

Recommendation. All women of re-
roductive age should be asked about
heir use of dietary supplements (vita-

ins, minerals, traditional/home reme-
ies, herbal products, weight loss prod-
cts, etc) as part of preconception care
lan and should be advised about what is
r is not known about their impact,
afety, and efficacy. Strength of recom-
endation: C; quality of evidence: III.

itamin A
ackground: Vitamin A is a fat-soluble
itamin found in several forms. Vitamin
found in foods that come from animals

liver, whole milk) is called preformed
itamin A. It is absorbed in the form of
etinol, which is made into retinal and
etinoic acid (other active forms of vita-
in A) in the body. Vitamin A that is

ound in fruits and vegetables is called
rovitamin A carotenoid, which is made

nto retinol in the body. There is also a
ynthetic analog (13-cis retinoic acid)
sotretinoin (Accutane; Roche Pharma-
euticals, Nutley, NJ), a medication used
o treat severe, cystic acne, and related
ermatoses. Adequate vitamin A is es-
ential for proper visual functioning, fe-
al growth, reproduction, immunity,
nd epithelial tissue integrity.39 Because
itamin A is lipid soluble, it crosses the
lacenta easily and has a long half-life.
lthough normal fetal development re-
uires sufficient vitamin A intake, very
igh levels of preformed vitamin A (reti-
oic acid) supplementation has been as-
ociated with miscarriage and birth de-
ects that affect the central nervous
ystem and craniofacial, cardiovascular,
nd thymus development.39

Currently the recommended dietary
llowance of preformed vitamin A for
omen is 700 retinol activity equivalents

RAEs) per day, with a tolerable upper
ntake level of 3000 RAEs/day or 10,000
U/day.40 Dietary sources of vitamin A
nd beta-carotene (leafy vegetables, car-
ots, eggs, and diary products) do not
ose a risk of excessive intakes and
hould be included in a healthy diet. Vi-

amin A from beta-carotene is not

http://www.mypyramid.gov/mypyramidmoms
http://www.mypyramid.gov/mypyramidmoms
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nown to increase the risk of birth
efects.41

vidence of efficacy: During pregnancy,
vidence in humans suggests that more
han 10,000 IU of vitamin A per day may
e teratogenic, resulting in cranial/neu-
al crest defects.42 However, other stud-
es have shown that periconceptional vi-
amin A exposures greater than 10,000
U/day were not associated with in-
reased risk for cranial neural crest de-
ects or neural tube defects.43 Although
nimal data clearly show that high dose
itamin A is teratogenic, such data are
ifficult to obtain in humans as human
linical trails are not ethically possible.41

Vitamin A also appears to be protec-
ive in pregnant women with human im-

unodeficiency virus/acquired immu-
odeficiency syndrome.44-47 There is
rowing evidence from clinical trials in
eveloping countries that vitamin A may
rotect against maternal morbidity, al-
hough more research is needed.44,48-50

urrent recommendations: A World
ealth Organization expert group

onsultation concluded that daily
oses of up to 10,000 IU (equivalent to
000 �g retinol) or weekly 25,000 IU
7500 RAEs) are probably safe, espe-
ially in areas in which vitamin A defi-
iency is thought to be common51 The
alf-life of the main metabolite of reti-
oic acid is 50 hours, so most of the
rug and biotransformation products
re gone within 10 days of the last dose.
tretinate and isotretinoin (Accu-

ane), synthetic derivatives of retinol,
re known to cause serious birth de-
ects and should not be taken during
regnancy or if there is a possibility of
ecoming pregnant. The current rec-
mmendation is to discontinue such
edications such as at least 1 month

rior to attempting pregnancy.
Recommendation. Currently the rec-

mmended dietary allowance of pre-
ormed vitamin A for women is 700
AEs per day, with a tolerable upper in-

ake level for pregnancy is 3000 RAEs/
ay or 10,000 IU/day; Strength of recom-
endation: B; quality of evidence for
oxicity: III. a
olic acid
ackground: Folic acid, a water-soluble
-complex vitamin required for de-
xyribonucleic acid synthesis and cell di-
ision, is a nutrient currently recognized
s important prior to and during preg-
ancy because of its proven preventive
roperties against neural tube defects
NTDs).52 Neural tube defects are seri-
us birth defects of the spine (spina bi-
da) and brain (anencephaly). NTDs af-

ect approximately 3000 pregnancies
ach year in the United States and are the
econd most common major congenital
nomaly worldwide.53 Populations at in-
reased risk for NTDs or folic acid defi-
iency include Hispanic women, obese
omen, diabetic women with poor gly-

emic control, women with prior NTDs,
nd women with seizure disorder taking
ntiepileptic medications.12,54,55

Folate levels can be increased by con-
uming folate-rich foods or ingesting fo-
ic acid, a synthetic compound available
hrough dietary supplements and
hrough fortified foods. The major di-
tary sources of naturally occurring fo-
ate are legumes, green leafy vegetables,
itrus fruits and juices, and breads and
ereals that contained folic enriched
our. Folic acid is approximately 1.7

imes more bioavailable than folate and
herefore has a greater efficiency in im-
acting folate levels.56 Supplementing
ietary intake with folic acid has been
ecommended by many professional or-
anizations because of the difficulty for
oman to obtain the extra folate re-
uired periconceptionally through the
iet alone. The current recommended
aily intake (RDI) for folic acid is 400 �g

or women of preconception age and 600
g during pregnancy.57 The recom-
ended dose is higher (4000 �g) for
omen who have had a infant with an
TD.58 Numerous studies have reported

hat women in the United States do not
onsume the recommended 400 �g of
olic acid.59-61 Furthermore, inadequate
olate levels have been linked to in-
reased risks of stroke, cancer, and
ementia.62,63

vidence of efficacy: There is clear scien-
ific evidence that folic acid protects

gainst neural tube defects. Numerous c

Supplement to DECEMBER 2008 Amer
bservational and randomized controlled
tudies culminate in an estimate that at
east 70% of NTDs could be prevented if
he embryo were exposed to protective
mounts of folic acid during the critical
indow of organogenesis.52,64-66

urrent recommendations: The US Pub-
ic Health Service, American Academy of
ediatrics, American Dietetic Associa-

ion, American College of Obstetricians
nd Gynecologists (ACOG), and Ameri-
an Academy of Family Medicine rec-
mmend that women consume 400 �g
f folic acid daily.7,67-69 The USDA rec-
mmends women of child-bearing age
ho may become pregnant and those in

he first trimester of pregnancy consume
dequate synthetic folic acid daily (from
ortified foods or supplements) in addi-
ion to food forms of folate from a varied
iet.70

Recommendation. All women of re-
roductive age should be advised to in-
est 0.4 mg (400 �g) of synthetic folic
cid daily, obtained from fortified foods
nd/or supplements. In addition, all
omen should be advised to consume a
alanced, healthy diet, which includes
olate-rich foods. Strength of recommen-
ation: A; quality of evidence: I-a.

ultivitamins
ackground: Multivitamins are typically

he most commonly used dietary supple-
ents reported in surveys in the United

tates.71,72 Willett and Stamfer73 con-
luded that there is greater benefit than
arm in recommending a daily multivi-
amin that does not exceed the daily rec-
mmended intake of its component vi-
amins for most adults. In their review,

illett and Stamfer73 noted that a mul-
ivitamin is especially important for
omen who might become pregnant,
ersons who regularly consume 1 or 2
lcoholic drinks per day, those who tend
o absorb vitamin B12 poorly, vegans,
nd those with limited resources to af-
ord adequate fruits and vegetables.

vidence of efficacy: There is substantial
vidence showing that taking multivita-
ins with at least 400 �g of folic acid

aily may also reduce the incidence of
ther malformations such as orofacial

left, limb deficiencies, cardiac defects,

ican Journal of Obstetrics & Gynecology S347
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rinary tract defects, and omphalo-
ele.74-80 A recent metaanalysis of 41 tri-
ls reported that multivitamin supple-
ents provide consistent protection

gainst neural tube defects, cardiovascu-
ar defects, limb defects, and other birth
efects.74 In this metaanalysis, both case
ontrol studies (odds ratio [OR], 0.76;
5% confidence interval [CI], 0.62-0.93)
nd cohort and randomized controlled
tudies (OR, 0.42; 95% CI, 0.06-2.84)
howed lower incidence of cleft palate
hen women took mulitvitamins.
For oral cleft with or without cleft

alate, case control studies (OR, 0.63;
5% CI, 0.54-0.73) and cohort and
andomized controlled studies (OR,
.58; 95% CI, 0.28-1.19) followed the
ame pattern. For urinary tract anom-
lies and congenital hydrocephalus,
nly the case controls studies showed a
tatistically significant decrease in
nomalies. Finally, for congenital hy-
rocephalus there was an OR of 0.37
95% CI, 0.24-0.56) in case control
tudies and 1.54 (95% CI, 0.53-4.50)
or cohort studies, and randomized
ontrolled studies.74 Although multi-
le micronutrient supplementation is
heoretically preferable to supplemen-
ation with iron and folic acid alone,
specially in developing countries in
hich multiple deficiencies are preva-

ent, more data need to be collected to
etermine the advantages of different
ultiple micronutrient formulations

or pregnant and lactating women.81

Recommendation. All women of re-
roductive age should be encouraged to
ake a folic acid– containing multivita-

in supplement for the purpose of sup-
orting healthy pregnancy outcomes
nd preventing congenital anomalies.
trength of recommendation: A; quality of
vidence: II2.

itamin D
ackground: Vitamin D is a lipid-solu-
le vitamin important in the metabolism
f calcium and phosphorus. It promotes
alcium absorption and bone mineral-
zation. It may be obtained from either
ndogenous production from sun expo-
ure or dietary sources. The major di-
tary sources are fortified items, particu-

arly milk, orange juice, and some c

348 American Journal of Obstetrics & Gynecology
reakfast cereals. Other dietary sources
nclude fatty fish (salmon, mackerel,
una, sardine), egg yolks, beef liver, and
heese.

Vitamin D is essential for the health of
regnant women and their infants. Cur-
ently there is an increasing prevalence
f vitamin D insufficiency and deficiency

n pregnant women and infants in the
nited States and internationally.82-87

itamin D deficiency is common among
regnant women in ethic minority
roups.88 Vitamin D deficiency during
regnancy is reflected in lower maternal
eight gain; biochemical evidence of dis-

urbed skeletal homeostasis in the infant;
nd in extreme situations, reduced bone
ineralization, radiologically evident

ickets, and fractures.89,90 Additionally,
itamin D insufficiency has also been as-
ociated in some studies with other
ealth outcomes that affect women, in-
luding asthma, diabetes, autoimmune
iseases, and certain cancers.83,91-93

Women at risk for vitamin D defi-
iency include women who are not ex-
osed to enough sunlight; whose dietary
itamin D intake is low (no dairy or
actose intolerant); who wear head
overings.

vidence of efficacy: The optimal dose of
itamin D for the preconception period
nd during pregnancy is unknown. Obser-
ational studies and vitamin D supple-
entation trials among pregnant women

t high risk of vitamin D deficiency showed
mproved neonatal handling of calcium
ith improved maternal vitamin D status.
esults concerning the effects of vitamin D
n maternal weight gain and fetal growth

n these high-risk populations are conflict-
ng and inconclusive.94,95 Despite taking
renatal vitamins, vitamin D deficiency
as been demonstrated in pregnant wom-
n.83 Most experts agree that the current
RI of 200-400 IU is too low and that
ased on current evidence, daily require-
ents may be closer to 1000 IU or higher

nd that more research is needed on the
ptimal vitamin D dose and blood
oncentrations for several health
utcomes.83

urrent recommendations: The Ameri-

an College of Obstetricians and Gynecol- c

Supplement to DECEMBER 2008
gists recommend daily consumption of
00-800 IU.96 In the United States, the cur-
ent DRI is 200 IU/day with 200 IU/day in
regnancy. The USDA guidelines note that
eople with dark skin and people exposed
o insufficient ultraviolet band radiation
ie, sunlight) consume extra vitamin D
rom vitamin D-fortified foods and/or
upplements.22

Recommendation. The evidence is in-
ufficient to recommend for or against
outine screening or vitamin D supple-
entation during preconception coun-

eling. Based on the emerging data of the
mportance of vitamin D for women and
nfants; however, clinicians should be
ware of the risk factors for vitamin D
eficiency. Additionally, for women
ith vitamin D deficiency, education on
itamin D in the diet and supplementa-
ion should be a part of preconception
are. Currently we do not have data for
he optimal dose prior to and during
regnancy. More data are urgently
eeded. Strength of recommendation: B;
uality of evidence: I b.

alcium
ackground: Calcium is essential for
one development and health and main-
enance throughout life and in preg-
ancy, yet many women in the United
tates do not consume the recom-
ended amount of calcium prior to and

uring pregnancy.97-99 During preg-
ancy, the growing fetus receives its total
ourishment from maternal sources.
he dynamic balance between skeletal
alcium storage and fetal nutritional
eeds can affect the maternal calcium
quilibrium adversely. Therefore, if ade-
uate bone has not been built before
regnancy and adequate calcium is not
art of the maternal diet, bone can be
egraded as calcium is taken from the
aternal skeleton.100 When completing
diet history during preconception

ounseling, it is important to ask about
ietary calcium consumption (milk, for-
ified orange juice, etc), calcium supple-

entation, and use of antacids to assess
he woman’s overall calcium intake. Vi-
amin D intake is necessary to facilitate

alcium absorption.
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vidence of Efficacy: Studies indicate that
ncreases in calcium intake during preg-
ancy improve maternal bone health of
other and neonate. Higher birthweight

abies, a reduced risk of preterm deliv-
ry, and lower infant blood pressure
ave all been linked with a high calcium

ntake during pregnancy.100,101 More re-
earch is needed to assess the optimal
oes of calcium prior to and during
regnancy.100,102-106 A 2008 metaanaly-
is of 12 good-quality clinical trials re-
orted that the risk of high blood pres-
ure was reduced with calcium
upplementation rather than placebo
11 trials, 14,946 women: relative risk
RR), 0.70; 95% CI, 0.57-0.86). There
as also a reduction in the risk of pre-

clampsia associated with calcium sup-
lementation (12 trials, 15,206 women:
R, 0.48; 95% CI, 0.33-0.69). There was
o overall effect on the risk of preterm
irth or stillbirth or death before dis-
harge from the hospital.107 Many re-
iews have concluded that the lack of
vailable evidence restricts the ability to
orm strong conclusions, especially with
espect to supplementation’s effect on
aternal bone health during pregnancy.
ore research is needed to assess the op-

imal does of calcium prior to and during
regnancy.100,102-106

urrent recommendations: The Institute
f Medicine currently recommends 1000
g/day of calcium for pregnant and lac-

ating women who are 19-50 years old
nd 1300 mg/day for pregnant and lac-
ating women who are younger than 19
ears old.108

Recommendation. Women of repro-
uctive age should be counseled about
he importance of achieving the recom-

ended calcium intake level through
iet or supplementation. Calcium
upplements should be recommended if
ietary sources are inadequate. Strength
f recommendation: A; quality of evidence:
b.

ron
ackground: Iron deficiency is the most
ommon nutritional deficiency world-
ide and is the most common cause of

nemia in pregnancy. The prevalence of

ron deficiency and iron deficiency ane- w
ia in the United States is significant
mong vulnerable populations. For ex-
mple, the National Health and Nutri-
ion Examination Survey 1999-2000 re-
orted iron deficiency prevalence among
omen aged 12-49 years was 9-16%.
mong minority females in the same age
roup, the prevalence of iron deficiency
as approximately 3 times higher than

he Healthy People 2010 objective
f 5%.109

Reproductive-aged women are at risk
f iron deficiency because of blood loss
rom menstruation, poor diet, and fre-
uent pregnancies.110 In a study of fertile
omen, only 20% had iron reserves of
reater than 500 mg, 40% had iron stores
f 100-500 mg, and 40% had virtually no

ron stores.111 Potential fetal complica-
ions secondary to anemia include spon-
aneous prematurity and intrauterine
rowth restriction.112 The mecha-
ism(s) by which this occurs are not
lear. Prior to conception and during
regnancy, women should eat iron-rich

oods (lean meat, poultry, and iron for-
ified cereals). Foods that inhibit iron ab-
orption, such as whole-grain cereals,
nleavened whole-grain breads, le-
umes, tea, and coffee, should be con-
umed separately from iron-fortified
oods. The Centers for Disease Control
nd Prevention (CDC) recommends 18
g/day for women and 27 mg/day for all

regnant women113

vidence of efficacy: There are several
ystematic reviews reporting the benefits
f iron combined with folate prior to and
uring pregnancy. The Cochrane collab-
ration completed a systematic review
n 20 randomized controlled trials of

ron supplementation in pregnancy with
ormal hemoglobin levels (� 10 dL) at

ess than 28 weeks of gestation.114 Iron
upplementation raised or maintained
he serum ferritin level above 10 mg/L
nd reduced the number of women with
ow hemoglobin levels late in pregnancy.
he reviewers concluded that iron sup-
lementation had no detectable effect
n any substantive measures of either
aternal or fetal outcomes.114 One re-

iew looked at 8 trials involving 5449
omen.115 Routine supplementation

ith iron or folate raised or maintained s

Supplement to DECEMBER 2008 Amer
erum iron and ferritin levels and serum
nd red cell folate levels. Supplementa-
ion resulted in a substantial reduction of
omen with a hemoglobin level below
0 or 10.5 g in late pregnancy.
A more recent prospective study done

y Ronnenberg et al116 in 2004 examined
he relation between preconception he-

oglobin concentration and pregnancy
utcomes in 405 healthy Chinese women
ho were planning pregnancy. This

tudy showed an association between
reconception maternal anemia status
nd adverse pregnancy outcomes. The
dds of low birthweight and fetal growth
estriction were 6.5 and 4.6 times higher,
espectively, in women with moderate
nemia (hemoglobin � 95 g/L) compared
ith nonanemic controls. Anemia attrib-
ted to iron deficiency was significantly as-
ociated with decreased birthweight.

A recent randomized controlled trial
f 867 pregnant women (less than 20
eeks) was assigned randomly to receive
renatal supplements with 30 mg of iron
s ferrous sulfate or placebo until 26-29
eeks of gestation. The mean birth-
eight was higher by 108 g (P � .03), and

he incidence of preterm delivery was
ower (8% vs 14%; P � .05) in the 30 mg
roup compared with the control group.
ron supplementation did not affect the
revalence of small-for-gestational-age

nfants or third-trimester iron status.117

In another recent clinical trial, 513
ow-income pregnant women were ran-
omly assigned to receive a monthly
upply of ferrous sulfate or placebo until
8 weeks of gestation. Compared with
lacebo, iron supplementation from en-
ollment to 28 weeks of gestation did not
ignificantly affect the overall prevalence
f anemia or the incidence of preterm
irths but led to a significantly higher
ean birthweight (P � .010), a signifi-

antly lower incidence of low-birth-
eight infants (P � .003), and a signifi-

antly lower incidence of preterm low-
irthweight infants (P � .017).118

dditional studies on the effectiveness of
reconception iron supplementation on
reventing prenatal iron depletion are
eeded.119

urrent recommendations: The CDC is-

ued guidelines in 1998 for preventing
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ron deficiency based on age and sex.
hey state that for girls aged 12-18 years
nd nonpregnant women of child-bear-
ng age, iron status screening should oc-
ur every 5-10 years during a routine
xamination. Annual iron screening
hould be conducted for women with ex-
sting risk factors for iron deficiency. If
nemia is confirmed with a second test, a
rial of oral iron is warranted. Other
ources recommend confirmation of
ron deficiency as a cause of the anemia
rior to initiation of therapy.120 The
merican College of Obstetricians and
ynecologists recommend all pregnant
omen should be screened for anemia

nd those with iron deficiency anemia
hould be treated with supplemental
ron, in addition to prenatal vitamins.110

he USDA food guidelines recommend
hat women of child-bearing age who

ay become pregnant eat foods high in
emeiron and/or consume iron-rich
lant foods or iron-fortified foods with
n enhancer of iron absorption, such as
itamin C–rich foods22

Recommendation. At a preconception
isit, screening should be conducted for
omen with risk factors for iron defi-

iency for the purposes of identifying
nd treating anemia. There is evidence to
ecommend that all women should be
creened at a preconception visit for iron
eficiency anemia for the purpose of im-
roving perinatal outcomes. Strength of
ecommendation: A; quality of evidence:
B.

ssential fatty acids
ackground: The essential fatty acids
EFA) linoleic and alpha-linolenic acid,
nd their long-chain derivatives arachi-
onic acid and docosahexaenoic acid
DHA) are important structural compo-
ents of cell membranes, the central ner-
ous system, and retinal cell membrane
tructure.121,122 EFAs cannot be synthe-
ized in the body and must be ingested by
ood. Essential fatty acids are found in
uch foods as oily fish, flax seeds, wal-
uts, and vegetables oils.
In 2005, the FDA and Environmental

rotection Agency, because of high mer-
ury levels detected in fish, issued warn-
ngs that advise young children, preg-

ant women, nursing women, and c

350 American Journal of Obstetrics & Gynecology
omen of child-bearing age to avoid
onsuming swordfish, king mackerel,
hark, and tilefish. The warnings also
ecommend that those groups eat no
ore than 12 ounces of fish weekly and

o more than 6 ounces of canned alba-
ore tuna weekly.123 Concerns have been
aised that eating oil-rich fish exposes the
etus to dioxins and polychlorinated bi-
henyls, which are environmental
ollutants.
Several studies have shown an associ-

tion between maternal dietary intake of
ily fish or oils providing n-3 EFA during
regnancy and visual and cognitive de-
elopment, maturity of sleep patterns,
nd motor activity in infants.124-127

hether all woman should be supple-
ented and at what dose of EFAs (eg,

sh or fish oil supplements during pre-
onception and pregnancy) has been the
ubject of much debate and recent
esearch3

vidence of efficacy: There is mixed evi-
ence for the efficacy of essential fatty
cids such as fish oil against adverse
regnancy outcomes for mother and
hild during preconception and preg-
ancy.128,129 For example, epidemiolog-

cal evidence suggests an association be-
ween fish intake and birthweight.
nother study showed a positive corre-

ation with low fish consumption in early
regnancy and increased risk for pre-
erm delivery and low birthweight.130 A

etaanalysis of 6 randomized controlled
rials demonstrated that supplementa-
ion with omega-3 fatty acids was associ-
ted with a significantly greater length of
regnancy than in control subjects; how-
ver, there was no evidence that sup-
lementation influenced the percent-
ge of preterm deliveries, the rate of
ow-birthweight infants, or the rate of
reeclampsia.131

In a review, the results of several ran-
omized clinical studies have indicated
hat supplementation with fish oils may
ead to modest increases in gestation
ength, birthweight, or both.132 The Co-
hrane collaboration review of 6 clinical
rials found women randomized to a fish
il supplement had a mean gestation that
as 2.6 days longer than women allo-
ated to placebo or no treatment. Birth- r

Supplement to DECEMBER 2008
eight was slightly greater in infants
orn to women in the fish oil group
ompared with controls. However,
here were no overall differences be-
ween the groups in the proportion of
ow birthweight or small-for-gesta-
ional-age babies.133

urrent recommendations: There are
everal recommendations and guidelines
bout omega fatty acid consumption for
omen. The Institute of Medicine set

dequate intake for linoleic acid (N-6) 3
/day for pregnant women and 12 g/day
or women 18-50 years old. The ade-
uate intake for �-N-3 is 1.4 g/day for
regnant women and 1.1 g/day for
omen 18-50 years old, respectively.134

he USDA recommends to keep total fat
ntake between 20-35% of calories, with

ost fats coming from sources of poly-
nsaturated and monounsaturated fatty
cids, such as fish, nuts, and vegetable
ils.70

The International Society for the
tudy of Fatty Acids and Lipids recom-
ends adequate intakes of 4.44 g of lino-

eic acid and 2.22 g of �-N-6, with 0.22 g
r more of DHA and 0.22 g of EFA for
dults and 0.3 g or more of DHA daily for
regnant women.135 The Perinatal Lipid
ntake Working Group recently released
uidelines for maternal dietary fat intake
n Europe. After reviewing the literature,
hey report that intakes of up to 1 g/d
HA or 2 � 7 g/day n-3 long-chain poly-
nsaturated fatty acids have been used in
andomized clinical trials without signif-
cant adverse effects. These guidelines
ecommend that pregnant and lactating
omen should aim to achieve an average
ietary intake of at least 200 mg of DHA
er day. The guidelines note that women
f child-bearing age should aim to con-
ume 1-2 portions of sea fish per week,
ncluding oily fish.136

Recommendation. During the precon-
eption period, women should be en-
ouraged to eat a diet rich in EFAs in-
luding omega 3 and omega 6 fatty acids.
o achieve this, women should be ad-
ised to consume at least 12 ounces of
sh weekly and no more than 6 ounces of
anned albacore tuna weekly. More re-
earch is critically needed to asses the

isks and benefits of fish and fish oil con-



s
r
q

I
B
c
v
t
m
p
d
t
i
i
l
p
d
i
t
i
r
t
t
h
d
a
v
p
s
n
s

t
t
d
p
t
r
c
S
l
c
i
t
i
f
I
d
a
s

C
o
r
i

n
w
e
U
I
d
d
(
n

d
s
c
t
d
i
w
h
t
a
d
m

P
a
O
B
o
o
f
c
m
i
d
d
o
i
v
i
o
s
d
h
o
p
a
m
c
w

a
c
n
t
o

o
s
f
t
m

E
p
a
v
v
F
o
m
m
t
c
t
p
c
i
h
r
t
l

f
p
s
o
p
r
t
l
a
w
s

s
o
m
w
a
b
r
n
n
T
s
t

C
C
O
d

www.AJOG.org Supplement
umption during the preconception pe-
iod. Strength of recommendation: B;
uality of evidence: I-b.

odine
ackground: Worldwide iodine defi-
iency is the single most important pre-
entable cause of brain damage. In 2005
he World Health Organization esti-

ated 2 billion people, 35% of the world
opulation were iodine deficient.137 Io-
ine is necessary for the production of
hyroid hormones, thyroxine, and tri-
odothyronine, and it must be provided
n the diet. Inadequate iodine intake
eads to inadequate thyroid hormone
roduction and to a spectrum of disor-
ers, iodine deficiency disorders, includ-

ng abortion, stillbirth, mental retarda-
ion, cretinism, increased neonatal and
nfant mortality, goiter, and hypothy-
oidism. Iodine is readily transferred to
he fetus, and the fetal thyroid concen-
rates iodine and synthesizes thyroid
ormones by 10-12 weeks’ gestation. Io-
ine deficiency in pregnancy negatively
ffects the normal maturation of the de-
eloping fetal central nervous system,
articularly myelination, and is respon-
ible for cognitive impairment, perma-
ent mental retardation, and in its most
evere form, cretinism.138

Iodine deficiency disorders are among
he easiest and least costly of all disorders
o prevent. Adding a small amount of io-
ine in the form of potassium iodate or
otassium iodide to dietary salt is effec-
ive for prevention. Salt iodization is the
ecommended, preferred strategy to
ontrol and eliminate iodine deficiency.
ufficient dietary iodine throughout the
ife cycle, especially during the precon-
eption period, can minimize the risk of
odine deficiency during critical, early fe-
al development. Studies of the impact of
odine supplementation specifically be-
ore pregnancy have not been done.
dentification and treatment of iodine
eficiency disorders before pregnancy is
n effective preventive public health
trategy.

urrent recommendations: The Institute
f Medicine’s Food and Nutrition Board
ecommend minimum daily intake of

odine in the United States of 150 �g for m
onpregnant adults, 220 �g for pregnant
omen, and 290 �g for lactating wom-

n.139 The World Health Organization,
nited Nations Children’s Fund, and the

nternational Council for Control of Io-
ine Deficiency Disorders recommend
aily iodine intake of 150 �g for adults
� 12 years of age) and 200 �g for preg-
ant and lactating women.140

Recommendation. Women of repro-
uctive age with iodine deficiency
hould be counseled on the risks of this
ondition to pregnancy outcomes and
he importance of maintaining adequate
aily dietary iodine intake of 150 �g dur-

ng preconception and at least 200 �g
hen pregnant or lactating. Public
ealth efforts to implement salt iodiza-
ion programs should be encouraged for
ll women residing in regions with en-
emic iodine deficiency. Strength of recom-
endation: A; quality of evidence: II-2.

reconception weight
nd body mass index
verweight
ackground: Approximately one third
f all women in the United States are
bese, and obesity is identified as the
astest-growing health problem in the
ountry.141 Obesity, defined as a body
ass index (BMI) of 30 kg/m2 or greater,

s associated with elevated risks of type 2
iabetes; hypertension; infertility; heart
isease; gallbladder disease; immobility;
steoarthritis; sleep apnea; respiratory

mpairment; social stigmatization; and a
ariety of cancers, including breast, uter-
ne, and colon.142-145 Adverse perinatal
utcomes associated with maternal obe-
ity include neural tube defects, preterm
elivery, stillbirth, gestational diabetes,
ypertensive and thromboembolic dis-
rders, macrosomia, low Apgar scores,
ostpartum anemia, cesarean delivery,
nd shoulder dystocia.142,143 Further-
ore, women who are obese before con-

eption tend to gain and retain more
eight during pregnancy.146

The risks associated with high BMIs
re best addressed before conception be-
ause weight loss during pregnancy is
ot recommended. Health risks are bet-

er established for obese persons than for
verweight individuals (BMI 25-29.9 kg/

2). However, even mild to moderate c

Supplement to DECEMBER 2008 Amer
verweight in young adults predicts sub-
equent obesity.144,147 Weight retained
rom previous gestations is an impor-
ant contributor to higher-than-opti-

al BMIs in child-bearing women.

vidence of efficacy: Counseling to sup-
ort improvements in diet and physical
ctivity are considered first-line inter-
entions.147 In a systematic evidence re-
iew, the US Preventive Services Task
orce concluded that counseling alone
r with pharmacotherapy can promote
odest sustained weight loss.144,147 The
ost successful nonsurgical approaches

o weight loss were intensive, weight-fo-
used counseling consisting of more
han 1 session per month or multicom-
onent, intensive interventions that
ombine nutrition and exercise counsel-
ng with supportive, skill-building be-
avior interventions. Evidence from
andomized controlled trials of long-
erm improved health with weight loss is
imited.

Interventions about gestational weight
rom randomized controlled trials in
regnant obese women have mixed re-
ults. In a review by Guelinckx et al148,
nly 2 of 7 trials, using nutrition and
hysical activity as an intervention,
eached a significant decrease in gesta-
ional weight gain. There is a growing
iterature of clinical trials on the safety
nd perinatal outcomes for women
ho have undergone gastric bypass

urgery.149-155

ACOG suggests that utilizing the
tages of change model as adapted for
verweight and obesity may help deter-
ine patient motivation and interest in
eight loss. ACOG recommends setting

n initial goal of losing 5-10% of total
ody weight over a 6 month period as
ealistic and achievable.147 Weight loss is
ot recommended during any preg-
ancy, irrespective of pregravid weight.
herefore, to minimize the risks of obe-

ity on reproductive outcomes, interven-
ions must occur before pregnancy.

urrent recommendations: In an ACOG
ommittee Opinion on obesity issued in
ctober 2005, the following recommen-
ations were made: (1) BMI should be

alculated for all women and (2) appro-

ican Journal of Obstetrics & Gynecology S351
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riate interventions or referrals to pro-
ote a healthy weight and lifestyle

hould be offered.147 Relative to non-
regnant populations, the US Preventive
ervices Task Force found that counsel-
ng and pharmacotherapy can promote

odest sustained weight loss and that
harmacoptherapy appears to be safe in
he short term; however, long-term
afety has not been established. The task
orce also noted that, in selected patients,
urgery promotes large amounts of
eight loss with rare but potentially se-
ere complications.144

In 1990, the IOM published a report
hat reevaluated the evidence regarding
ptimal weight gain during pregnancy.
he report concluded that prepregnancy
ody weight should be taken into ac-
ount when advising on optimal weight
ain. For women with a normal prepreg-
ancy BMI, a weight gain of around 0.4
g/week during the second and third tri-
esters is recommended. For under-
eight women, a weight gain of 0.5 kg/
eek is the target, whereas for
verweight women, 0.3 kg/week is
ecommended156

Recommendation. All women should
ave their BMI calculated at least annu-
lly. All women of reproductive age with
BMI of 25 kg/m2 or greater should be

ounseled about the risks to their own
ealth, the additional risk associated
ith exceeding the overweight category,

nd the risks to future pregnancies, in-
luding infertility. All women with a
MI of 25 kg/m2 or greater should be
ffered specific strategies improve the
alance and quality of the diet, decrease
aloric intake, and increase physical ac-
ivity, and be encouraged to consider en-
olling in structured weight-loss pro-
rams. Strength of recommendation: A;
uality of evidence: I-b.

nderweight
ackground: Although most discussions
f health risks associated with weight sta-
us focus on overweight and obesity, a
005 analysis estimating the number of
xcess deaths in adults are associated
ith various BMI levels revealed that
3,746 deaths were associated with BMIs
ess than 18.5 kg/m.157 Health risks of be-

ng underweight include nutrient defi- l

352 American Journal of Obstetrics & Gynecology
iencies, heart irregularities, osteoporo-
is, amenorrhea, and infertility. For
omen who become pregnant, low pre-
ravid weight is associated with in-
reased risks for preterm birth and low
irthweight, which are all major contrib-
tors to poor pregnancy outcomes.157-160

vidence of efficacy: A low prepregnancy
MI may also increase the risk of birth
efects such as gastroschisis. A study by
am et al161 found that infants born to
nderweight mothers (prepregnancy
MI � 18.1 kg/m2) were more than 3

imes as likely to have gastroschisis com-
ared with infants of normal-weight
others (prepregnancy BMI 18.1-28.3

g/m2). In this study, every unit increase
n BMI was estimated to decrease the risk
or gastroschisis by about 11%.

Weight gain in pregnancy cannot
vercome the risks associated with a low
regravid weight. Therefore, women
hould be counseled during the precon-
eptional period on the potential risks of
heir weight on fertility and on preg-
ancy outcome.
Recommendation. All women should

ave their BMI calculated at least annu-
lly. All women of reproductive age with
BMI 18.5 kg/m2 or less should be coun-

eled about the short- and long-term
isks to their own health and the risks to
uture pregnancies, including infertility.
ll women with a low BMI should be as-

essed for eating disorders and distor-
ions of body image. Strength of recom-

endation: A; quality of evidence: III.

ating disorders
ackground: Women with eating disor-
ers such as anorexia nervosa and bu-

imia nervosa may have higher rates of
iscarriage, low birthweight, obstetric

omplications, and postpartum depres-
ion. Eating disorders are associated with
utritional, metabolic, endocrine, and
sychological changes that have poten-
ially negative effects on fetal develop-

ent. Pregnancy was thought to be a rare
ccurrence among women with an-
rexia nervosa; however, women who
re below threshold for clinical symp-
oms or are in remission may not have
ompromised fertility. Women with bu-

imia nervosa may have less difficulty v

Supplement to DECEMBER 2008
onceiving, but they may experience sig-
ificant difficulty during the pregnancy
elated to binge eating, purging, and lax-
tive or diuretic use.162

Women with eating disorders may be
eluctant to disclose symptoms, and
here are no reliable laboratory indica-
ors for eating disorders, so clinicians
eed to be aware of warning signs and
se effective assessment techniques.163

ssessment should be done for condi-
ions such as bulimia and anorexia; once
dentified, nutritional counseling and in
ome cases treatment of an underlying
motional condition should be initiated.
multidisciplinary approach is most ef-

ective in treating a woman with an eat-
ng disorder in pregnancy.163,164

Recommendation. All women of re-
roductive age with anorexia and bu-

imia should be counseled about the risks
o fertility and future pregnancies and
hould be encouraged to enter into treat-

ent programs before pregnancy.
trength of recommendation: A; quality of
vidence: III.

onclusion
ood nutrition is an essential compo-
ent of attaining a healthy pregnancy
nd birth outcome. Women of repro-
uctive age should be advised that the
uality of a woman’s diet may influence
er pregnancy outcomes. Women of re-
roductive age, especially those who are
lanning a pregnancy, should be coun-
eled to consume a well-balanced diet in-
luding fruits and vegetables, calcium-
ich foods, and protein-containing foods
aily and increase their consumption of

ron-rich or iron-fortified foods in con-
unction with vitamin C–rich foods to
nhance iron absorption. Women
hould consume folate-rich foods daily
ncluding 400 �g of folic acid daily. More
esearch is critically needed in the area of
he safety and efficacy of fish consump-
ion and dietary supplements. Health
are professionals should address opti-
al weight gain, healthy diet, and the use

f dietary supplements as a part of pre-
onception care. f
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