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Background: A nutrient-rich maternal diet before and during pregnancy is associated with improved fetal
health, more appropriate birth weight, and increased rates of maternal and infant survival. Physicians need a better
understanding of the role of diet in shaping fetal outcomes. Given this background, we reviewed and summarized
articles on maternal nutrition found in MEDLINE since 1981, written in English, and limited to human subjects.

For the Offspring: Maternal diets high in sugar and fat lead to an increased incidence of metabolic syndrome,
diabetes, and cardiovascular disease later in life. Folic acid should be supplemented prior to conception and con-
tinued through at least the first 28 days of fetal life to prevent neural tube defects, and vitamin C should be given
to women who smoke to lower the incidence of asthma and wheezing in the children. lodine deficiency is increas-
ing, and iodine should be included in prenatal supplements. If the maternal hemoglobin is 7 g/dL or more, there is
no evidence that iron supplementation is needed. Fish intake during pregnancy is protective against atopic out-
comes, whereas high-meat diets contribute to elevated adult blood pressure and hypersecretion of cortisol.

For the Mother: Calcium supplementation lowers the risk of preeclampsia and hypertensive disease in
pregnancy.

Conclusions: Given the limits of our current knowledge, a diet rich in whole grains, fruits, vegetables, and se-
lected fish is desirable for the best outcomes. Diets high in sugar and fat lead to higher rates of diabetes, meta-
bolic syndrome, and cardiovascular disease. Folic acid, iodine, and calcium in all pregnant women and vitamin C
in smokers are the only supplements so far shown to be of value for routine use. The physician treating a pregnant
woman should be ready to advise a healthy diet for the benefit of the fetus.

Target Audience: Obstetricians and gynecologists, family physicians

Learning Objectives: After participating in this activity, the obstetricians, gynecologists, and family physicians
should be better able to discuss the role of various diets in helping with healthy fetal development; understand the
role of diet prior to conception and throughout the pregnancy; and develop knowledge of the role of the maternal
diet in affecting the risk for development of diabetes, cardiac disease, cancer, and allergic disease in the offspring.

Maternal nutritional requirements for optimal fetal
development are difficult to discern in a human
pregnancy. The ethical constraints regarding what can
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reasonably be put to experimental study, coupled with
the length of gestation and our differing genetic strains,
limit what can be stated with confidence for any given
woman in any given location. Furthermore, we now
know that our diet, our environment, and our responses
to each in combination can alter the expression of our
genes. This adds another layer of complexity to our
findings. The purposes of this article are to summa-
rize what appears to be known at this time about mater-
nal nutritional requirements and to discuss what is not
yet established.

Fetal programming, or maternal epigenetic influence,
occurs not by changing the genes themselves, but by
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altering how they are expressed. Methylation of his-
tones, one example of epigenetic change, can influence
gene expression. This epigenetic influence is trans-
generational and long lasting.’

The risk for the developing fetus of developing adult-
onset disease is determined, at least in part, by maternal
nutritional status at conception, during pregnancy, and
in early infancy. The fetal strategy of limiting growth
in the absence of adequate nutrition creates an infant
with a higher insulin response to food and less growth
of muscle (including heart), nephrons, and bone. If the
diet improves in infancy or childhood, this infant will
gain weight at a higher-than-normal rate and will be at
higher risk of type 2 diabetes and the metabolic syn-
drome.® As an adult, the lower number of nephrons
and cardiac cells will set the stage for hypertension
and cardiac failure.

After fertilization, the fertilized ovum and early blas-
tocyst appear to detect and respond to the nutritional
quality of the fallopian tube environment, even before
implantation. During this time, and throughout the first
10 weeks of gestation, nourishment of the developing
fetus seems to be provided solely by the fluid produced
by the glands of the endometrium. Studies of mice and
other animal species show that there is no maternal
bloodstream access to the embryo until 10 weeks of
gestation, and the fluid found in the fallopian tubes
matches that found in the endometrial glands.® This is
significant as all organ differentiation takes place by
11 weeks of gestation.* Maternal nutrition must be op-
timized before conception, so that the preimplantation
and early differentiation environment is ready to sup-
port early fetal and initial placental development. Ma-
ternal nutritional status influences nutrient partitioning
to the placenta or fetus, which subsequently affects dis-
ease risk.’

Overlying all of this is the current phenomenon of
high-calorie malnutrition brought on by the increased
reliance on processed foods and the drop in vegetable
and fruit consumption around the world. The higher
rate of maternal diabetes brought on by a high-calorie

TABLE 1
Recommended Weight Gain in Pregnancy
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diet and the strong effect of diabetes on pregnancy out-
come make this phenomenon particularly important.

There is a growing appreciation of the chemical com-
munication between the mother and the fetus and the
competing interests of the mother versus those of the
fetus. It appears that the developing fetus, from con-
ception onward, evaluates the nutritional environment
available to it and adjusts its rate of growth accord-
ingly. At the same time, while the goal of the fetus is
to maximize its chances of successful development
and reproduction, the goal of the mother’s body is to
maximize her long-term reproductive potential, even
if it means sacrificing the current fetus to do so. This
means that in the face of limited nutrition the placenta
may limit what is available to the fetus, even if the
mother receives supplementation.

The following is a brief summary of what is known
and what is not known about the impact of the maternal
diet on fetal development and pregnancy outcomes or-
ganized by gestational weight gain goals, specific nutri-
ent recommendations, and general dietary needs.

General Overview
* Pregnancy and lactation are associated with major
metabolic and physiologic changes in the mother.
e Nutritional requirements increase to optimize
both maternal adaptation and fetal development.
* Improving the mother’s diet before and during
pregnancy reduces the risk of medical problems
for her and her infant.

Gestational Weight Gain Recommendations

The Institute of Medicine of the National Academy of
Sciences provided gestational weight gain recommen-
dations based on maternal prepregnancy body mass in-
dex (BMI) (Table 1; Fig. 1). These recommendations,
however, specifically excluded women with diabetes,
who now make up a significant portion of the US pop-
ulation. For diabetic women, there is evidence that
weight gain at the lower edge of the recommended

Range of Recommended Total Weight Gain, kg

Rate of Weight Gain in Second
and Third Trimester, lb/wk

Weight Classification Prepregnancy BMI, kg/m?

Singleton Pregnancy

Twin Pregnancy Singleton Pregnancy

Underweight <185 28-40 Ib (12.5-18 kg) NA 1.0-1.31b (0.5 kg)
Normal 18.5-24.9 25-351b (11.5-16kg)  37-54 Ib (16.8-24.5 kg) 0.8-1.0 Ib (0.4 kg)
Overweight 25-29.9 15-251b (7-11.5kg)  31-50 Ib (14.1-22.7 kg) 0.5-0.7 Ib (0.3 kg)
Obese >30 11-20 Ib (5-9 kg) 25-42 |b (11.4-19.1 kg) 0.4-0.6 Ib (0.2 kg)

Reprinted from Rasmussen KM, Kathleen YA, eds. Weight Gain During Pregnancy: Reexamining the Guidelines. US Institute of Medicine,
with permission from the National Academies Press, Copyright 2009, National Academy of Sciences.
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FIG. 1. Metabolic changes in pregnancy. Maternal metabolism is altered to redirect nutrients to the placenta and fetus.

range or even below this range leads to better maternal
and fetal outcomes.®’ The additional energy increment
needed to support appropriate weight gain during preg-
nancy is 90 to 125 kcal/d in the first trimester, 286 to
350 kcal/d in the second trimester, and 466 to
500 kcal/d in the third trimester.® Thus, the old adage
“eating for two” is not mathematically representational
of the 10% to 25% increase in caloric intake actually
needed to support a healthy pregnancy. Furthermore,
given the average caloric intake of many individuals,
there is no need to increase caloric intake in pregnancy,
but rather to shift low-nutritional calories into more
nutrient-dense calories. The protein requirement during
pregnancy is not much higher than that needed by a
nonpregnant woman, coming to 0.45 g/lb of maternal
body weight, or an average of 71 g/d. High protein sup-
plementation or balanced protein supplementation is
not helpful and may be harmful to the pregnancy,'”
whereas balanced energy/protein supplementation ap-
pears to lead to a lower risk of small-for-gestational-
age (SGA) births, as well as a small increase in mean
birth weight and maternal weight gain.'®"3

*  40% of weight gain is associated with the fetus

and placenta
*  60% of weight gain is associated with maternal
changes

Women with a high prepregnancy BMI have infants
with higher birth weights, and heavier babies have a higher
body fat mass. Except for the very overweight group, birth
weight is strongly correlated to maternal weight gain.>'*

An elevated energy intake is associated with the
following:

* increased maternal weight gain

* increased risk of hypertension

+ gestational diabetes (GDM)

» cesarean deliveries, macrosomia (birth weight

>4500 g)
 childhood obesity in the offspring

An inadequate energy intake is associated with the
following:
*  SGA or low birth weight (LBW; <2500 g)

* SGA is associated with an increased risk of adult
metabolic diseases including type 2 diabetes

The risk ratio for developing impaired glucose toler-
ance or type 2 diabetes mellitus is 4 times higher
among babies with a birth weight of 5.5 1b or less than
those with a birth weight of 7.5 to 8.5 Ib."” Intrauter-
ine growth restriction is associated with an increased
risk of adult onset of hypertension and stroke. Large-
for-gestational-age infants are at increased risk of
infant and adult obesity and other obesity-related
comorbidities. "

Episodes of famine in otherwise well-nourished
populations (the Netherlands in World War II and
rural China in the 1950’s Great Leap Forward) pro-
vide valuable data to evaluate the impact of mater-
nal diet on short- and long-term health outcomes in
the offspring. Exposure to famine during gestation re-
sulted in higher rates of adult-onset disease in the
offspring including impaired glucose tolerance,'®'®
obesity, !° coronary heart disease,'®>* atherogenic lipid
profiles,'®** hypertension,>** microalbuminuria, 26
schizophrenia, %2278 antisocial personality and affec-
tive disorders,'>**" and a higher rate of addictive dis-
order in men.** The offspring also tend to eat a higher
fat diet.>> Women exposed to famine in utero tend to
have more offspring, more twin gestations, and younger
age at first pregnancy™* and show a higher incidence of
metabolic syndrome.*® There are also differing effects
of famine depending on when it occurs during the preg-
nancy. As organogenesis takes place along a rigid
timeline, nutrient deficits early in the pregnancy may
lead to compromised organ development, whereas def-
icits later in pregnancy may lead to an LBW infant with
normal organ function.

Carbohydrates

Carbohydrates are the body’s, and importantly the
brain’s, main source of energy. Pregnant women need
the energy provided by carbohydrates to grow a healthy
baby, as glucose, derived from carbohydrate, is the
main fuel used for intrauterine growth.*® The Daily
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Recommended Intake (DRI) for carbohydrates during
pregnancy is 175 g/d. It is important that pregnant
women choose high-quality carbohydrates with a low
glycemic index (GI), found naturally in whole foods
such as whole grains, nonstarchy vegetables, fruits,
beans, peas, lentils, and low-fat dairy.3¢ Carbohydrates
may also take the form of added sugars such as table
sugar, honey, syrup, cane sugar, agave, high-fructose
corn syrup, and fruit juice concentrate. All women, in-
cluding pregnant women, should limit their intake of
these sugars, as well as foods that have high amounts
of added sugar such as candy, desserts, and sugar-
sweetened beverages (soda, juice, lemonade, sweet-
ened teas, and other fruit-flavored drinks). A study by
Loy et al’’ in Malaysia showed that increased con-
sumption of fruits and vegetables was associated with
an increase in birth weight, birth length, and head cir-
cumference, but was not associated with any specific
measured micronutrient intake (Table 2).

Protein

Dietary protein provides important building blocks
during times of growth, development, or repair and also

TABLE 2
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provides structural components for human cells and for
the synthesis of enzymes, which help to ensure proper
function of these cells. A diet low in protein during
pregnancy decreases insulin secretion in rats, whereas
a diet high in protein induces changes in genes associ-
ated with energy metabolism in the liver in rats, mice,
and pigs.*®*’

In some cases, there appear to be important inter-
related nutritional effects, such that supplementa-
tion with one nutrient has differing effects based on
the availability of other nutrients. A good example of
this would be providing only protein supplementation
to a population that is both protein and energy deficient
(dangerous) versus the effect of supplementing both
protein and energy in a balanced manner (promotes
growth) or by providing folate with or without iron
supplementation. While the primary intent here is to
discuss each nutrient separately, some discussion of
their interactions is necessary. The DRI for protein
during pregnancy is 1.1 g/kg per day or approxi-
mately 71 g protein per day starting in the second tri-
mester, which is approximately 25 g more than what
is recommended for nonpregnant women. Meats, poul-
try, seafood, eggs, milk and dairy products, beans, lentils,

Recommended Daily Intake During Pregnancy and Dietary Sources of Macronutrients and Micronutrients

Nutrient DRI Dietary Sources

Carbohydrate 175 g/d Whole grains, nonstarchy vegetables, fruits,
beans, peas, lentils, low-fat dairy products

Protein 1.1 g/kg per day (~71 g/d) Meats, poultry, seafood, eggs, dairy products,
beans, lentils, nuts, and seeds

Fat No DRI. Suggest 25%-35% of Emphasize n-3 PUFAs, limit animal fat and

total calories
200-300 mg DHA/d, 500 mg/d
of DHA + EPA

Polyunsaturated fat

Iron
in US population

No documented benefit to supplementation

saturated fat, avoid trans-fat
12 oz of seafood/wk; avoid high-mercury fish

Use of iron cookware, clams, sunflower seeds,
nuts, whole grains, dark leafy greens, tofu
Beans, peas, orange juice, green leafy vegetables

lodized salt, seafood, seaweed, kelp, dairy products
(1/2 tsp salt = ~74 pg iodine)

Sweet potatoes, carrots, dark leafy greens, winter
squashes; must consume with fat.

Fish, beef liver, potatoes, other starchy vegetables, fruit

Fish, meat, poultry, eggs, milk, and dairy products;
vegetarians and vegans need supplements

Citrus fruit, cantaloupe, kiwi fruit, mango, papaya,
pineapple, strawberries, blueberries

Fatty fish, egg yolks, fortified milk, margarine, yogurt,
orange juice

Sunflower seeds, almonds, wheat germ oil, sunflower oil

Folate 0.6 mg/d in pregnancy 0.5 mg/d during
lactation; suggest 4 mg/d better

lodine 220 pg/d (US) 250 pg/d (World Health
Organization)

Vitamin A No significant effects of supplementation
in US population

Vitamin Bg No clear evidence of effects for
supplementation in US population

Vitamin B> No clear evidence of effects for
supplementation in US population

Vitamin C 500 mg/d prevents wheezing/asthma
in children of smokers

Vitamin D 600 1U/d, may supplement up to
1000-2000 1U/d

Vitamin E No clear evidence of effects for
supplementation in US population

Calcium 1-2 g/d lowers risk of preeclampsia

and hypertensive disease
Multivitamin supplements

Folate 0.8—1.0 mg/d. lodine 200 pg/d

Milk, yogurt, cheese, fortified juices, tofu, cereals,
Chinese cabbage, broccali, fish with bones
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nuts, and seeds are rich sources of protein. Protein, in
smaller amounts, is also found in vegetables and grains.

Fat

Fats are part of a healthy diet during pregnancy. Fat
is primarily used as an energy source by the body, but
is also used to transport the fat-soluble vitamins A, D,
E, and K and to provide essential fatty acids that can-
not be synthesized by the body.

Although there is no DRI for fat specific to pregnancy,
it seems reasonable for pregnant women to follow the
current guidelines for Americans, which suggest keep-
ing total dietary fat intake to between 25% and 35%
of total calories.*>*! The quality of the fat is also an
important consideration when looking at overall fat in-
take. Recent scientific investigation allows for greater
understanding of specific fatty acid functions and is
helpful to clarify the fatty acids best for health. Based
on recent research and consensus, increased intake of
the omega-3 (n-3) polyunsaturated fatty acids (PUFAs)
should be emphasized, and intake of saturated fatty
acids should be limited to no more than 7% to 10% of
total calorie intake; frans-fatty acid intake should be
avoided whenever possible.*

High-fat diets in pregnancy have been found to in-
crease insulin resistance. A high saturated fat intake is
associated with development of glucose abnormalities
in pregnancy and an increased risk of GDM. Higher in-
takes of animal fat and cholesterol before pregnancy are
also associated with an increased risk of GDM, as is a
higher intake of saturated fat during pregnancy.**

Docosahexaenoic acid (DHA) and n-3 fatty acids are
needed for brain and retinal development throughout
the third trimester of gestation and the first year of life.
The fetus needs 200 to 300 mg/d of DHA and 500 mg
of DHA plus eicosapentaenoic acid (EPA) per day. Good
sources of n-3 fatty acids include fatty fish and seafood
(recommendation of 12 oz per week), walnuts, and die-
tary supplements.

Polyunsaturated Fatty Acids

For women who do not eat fish, n-3 PUFA supple-
mentation appears to be associated with a small decrease
in preterm birth and LBW infants,***” and fish con-
sumption is associated with increased birth weight and
gestation length.*® Docosahexaenoic acid and EPA are
important in visual and cognitive development.*> Some
studies in women who do eat some fish fail to show
effects,”® however, and other studies both support
and refute a correlation between the ratio of n-6:n-3
fatty acids, where a ratio of less than 9 is considered
healthful.>!-3 However, there is also concern about
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consuming too much fish during pregnancy as some
fish contain significant amounts of organic mercury
compounds relative to the amount of DHA they pro-
vide. Studies done in the Faroe Islands>>>* showed
an effect of fish consumption on measures of neuro-
logic function at ages 7 and 14 years that were corre-
lated with cord blood mercury concentrations. The
population living on these islands eats both fish and
whale blubber, and maternal blood levels of mercury
have been shown to peak at 10 times higher levels after
eating blubber than after eating fish. In addition, there
is a higher intake of polychlorinated biphenylbromine
compounds in the Faroe Island diet, although control-
ling for this contaminant did not affect the relation-
ship with mercury.

A study done in the Seychelles islands, where fish
consumption is high (with the offspring now 14 years
old), did not show these findings,’>>% but a recent
study out of Hong Kong™ confirmed the Faroe Island
findings in a population that did not consume whale
blubber. These results appear to show that a moderate
amount of fish consumption in pregnant women is
beneficial, but that fish with a low ratio of DHA to
mercury (albacore, halibut, red snapper, for example)
should be eaten in limited quantities and that shark,
swordfish, king mackerel, and tilefish, fish known
to have higher mercury concentrations, should be
avoided. Also of note are several studies showing a
decrease in atopic syndrome, eczema, and wheezing
in the face of small-particle air pollution in infants
born after prenatal supplementation with DHA in
the third trimester®® °* and studies showing that the
incidence of eczema and allergies can be increased
by n-6 fatty acid intake in the last trimester and de-
creased by n-3 fatty acid intake in the same period.®* %’
A recent report shows that pregnant women have
avoided fish consumption altogether as a result of
concerns about mercury, while it is clear that moder-
ate consumption (8—12 oz/wk) of fish with low levels
of mercury is beneficial for all pregnant women and
needs to be reinforced.®®

Iron

Maternal iron stores at conception are a strong pre-
dictor of maternal iron status and risk of iron defi-
ciency and anemia in later pregnancy. There are some
data that show that in populations with a high preva-
lence of anemia there is an increase in birth weight
in infants following in utero iron supplementation
(usually provided along with folate).®® The incidence
of anemia and iron deficiency in the United States
is about 12% in nonpregnant women and 18% in
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pregnant women. These conditions are found in 43%
and up to 75% of nonpregnant and pregnant women, re-
spectively, in developing countries. This is due to poor
diet, limited consumption of iron-rich foods, intestinal
parasites, and chronic blood loss.

There is no doubt that adequate iron stores are crucial
for maternal safety. While there is no evidence of fetal
growth restriction with a hemoglobin level greater than
6 g/dL, hemorrhage in the presence of anemia is the
cause of at least 20% of maternal deaths worldwide.”
Mild anemia reflected by a hemoglobin concentration
of 8 to 10.9 g/dL. may be physiologic. There is a nor-
mal drop in hemoglobin concentration during preg-
nancy because of the increase in the circulating blood
volume, and this may actually improve blood flow across
the placental bed by decreasing viscosity,”' thus pro-
viding more efficient oxygen transfer.

A recent review of current literature by the US Pre-
ventive Services Task Force’ failed to show any ben-
efit to routine iron supplementation in pregnancy for
women in the developed world. However, as noted
previously, any woman with an existing iron deficiency
or a major risk of severe bleeding (placenta previa,
abruption, clotting disorder, etc) should of course re-
ceive treatment.

Folate

Folate, derived from food, and folic acid, the syn-
thetic form of folate found in vitamin supplements,
is a water-soluble B vitamin. It is a methyl donor
that is required for DNA synthesis and cell division.
Folate/folic acid is required for neural tube develop-
ment occurring within 28 days of conception. The
value of folate in the prevention of neural tube defects
(NTDs) is well established,””* and recent studies
showing hypomethylation of neural tissue in cases of
NTD support this observation.”

Folate is needed for the formation of the brain and
spinal cord. The neural tube closes by day 28 of gesta-
tion. If it does not close completely, an opening at the
lower end of the spine causes spina bifida, whereas a
larger defect can lead to anencephaly (complete failure
of the brain to develop).

Since 1998, the US Food and Drug Administra-
tion mandated increased fortification of cereal grains
to 140 pg (0.14 mg) folic acid/100 g grain. Since then,
the incidence of NTDs has decreased by approximately
30% to 40% (rates of spina bifida declined ~31%; anen-
cephaly declined 16%) in the United States, but this
differs by racial/ethnic group. It has been proposed
that only folate in food, rather than more in supple-
ments, will lead to further improvement.’® Data have
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shown, however, that the current supplementation pol-
icy has only dropped the incidence of NTDs by 20%,
and calculations predict that if supplementation were
increased to 4 mg/d, the incidence of NTDs would
drop by 82%. Observational studies also suggest
that folate given in pregnancy may drop the inci-
dence of preterm labor between 20 and 32 weeks,””°
while controlled trials do not.®' If the rest of the world
adopted similar food fortification and folate sup-
plementation policies, the worldwide prevalence of
300,000 NTDs could drop by 150,000 to 210,000 cases
per year.

The US recommendations are for women of child-
bearing age to consume 0.4 mg of folate in vitamin
form or fortified foods daily, in addition to a diet high
in folate-rich foods, because of the lower bioavailability
in foods. This amount should increase to 0.6 mg/d in
pregnancy and 0.5 mg/d during lactation. Women with
a history of pregnancy affected by a neural tube dis-
order (eg, spina bifida) should consume 4 mg/d of sup-
plemental folic acid (a 10-fold increase, which requires
a prescription), starting at least 1 month before concep-
tion. Foods rich in folate include beans, peas, orange
juice, and green leafy vegetables. Prenatal vitamins con-
tain folic acid, with up to 0.8 to 1 mg/tablet depending
on the brand. Low folate intake (<.15 mg/d) has been
associated with an increased risk of cancer, and very
high intakes of folic acid (>4 times the normal dose)
have been possibly associated with an increased risk
of cancer in animal studies.®? Unfortunately, while
benefit of folic acid supplementation during preg-
nancy shows up quickly, cancer risks must be studied
over decades, so a small amount of uncertainty con-
cerning high doses of folic acid remains.”* There is
a biological basis for the concern, as folic acid is
metabolized by a liver enzyme that may be unable to
handle the higher amounts of this vitamin, and circulat-
ing folic acid is associated with reduced natural killer
cell cytotoxicity.®?

Hispanic women have higher rates of NTDs than
non-Hispanic women: 10.34 versus 7.9 per 10,000 live
births; this shifted to 7.92 versus 5.35 after the folic acid
fortification program was established. Hispanic women
consume less folate from food and less from supple-
ments, 20% versus 37%, and 60% consume corn masa
flour, which is not fortified with folic acid. Fortifica-
tion of corn masa flour in the United States would in-
crease folate intake by approximately 20% among
15- to 44-year-old Mexican American women and
possibly lead to fewer NTD-affected pregnancies in
this population.®*

High supplement levels of folic acid after the first tri-
mester have also been associated with an increase in
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childhood asthma and eczema,®® whereas low folate
levels have been linked to language delay, emotional
problems, and schizophrenia in the offspring.*> "’ An
epidemiological study in Pune, India, found that a
combination of low blood B, levels and high folate
levels in women (measured in late pregnancy) are
associated with small, relatively obese offspring with
a high level of insulin resistance.®® Vitamin B, defi-
ciency blocks the metabolism of folate and leads to a
buildup of 5-methyltetrahydrofolate, which may be the
source of the problem. This population differs from a
US cohort, as it had almost no women with folate defi-
ciency, and a large number of the pregnant women were
prescribed a dose of 5 mg folate daily from 12 weeks’
gestation or later until term.

Todine

Iodine requirements during pregnancy are increased
because of a 50% increase in maternal thyroid (T4) hor-
mone production. Fetal thyroid-stimulating hormone is
not synthesized until the 10th to 12th week of gestation,
approximately the same time that the fetal thyroid is capa-
ble of concentrating iodine and synthesizing iodothyronine.
Little fetal hormone synthesis occurs, however, until
the 18th to 20th week of gestation. There is also an in-
creased loss of iodine in the urine during pregnancy.

Therefore, through the first half of pregnancy, the fetus
relies on the mother for thyroid hormone. When mater-
nal iodine intake is low, maternal thyroid hormone pro-
duction is low. Thyroid hormone is required for normal
neuronal migration, myelination, and synaptic transmis-
sion and plasticity during fetal and early postnatal life.
Poor neuronal development in the fetus, due to iodine
deficiency during critical time points, causes irreversible
brain damage, is the leading cause of preventable mental
retardation worldwide, and can result in up to a 20-point
drop in IQ. Iodine deficiency during fetal development is
also associated with fetal goiter (potentially causing ob-
struction at delivery), hypothyroidism, and cretinism.

Major sources of iodine include iodized salt, seafood,
seaweed, kelp, and dairy products. lodized salt provides
77 g iodine/g of salt (~220 pg iodine in %2 teaspoon
of salt). The US Recommended Daily Allowance for
iodine is 220 pg/d. The World Health Organization/
International Council for Control of lodine Deficiency
Disorders recommends 250 pg/d.

Iodine intake was not felt to be a problem in the
United States for many decades but is again an issue.
The push to limit salt intake, coupled with the rise in
popularity of sea salt and kosher salt, a fall in the num-
ber of bakeries using iodized dough, the popularity of
organic milk (which has approximately 40% less iodine
than regular commercial milk), soy and other “nonmilk”
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milks, and the rapid loss of iodine from iodinated salt
in warm humid climates, has led to iodine intake
dropping 50% between 1970 and 1990.*° Soy intake
inhibits iodine absorption and interferes with thyroid
hormone production, but can be circumvented by ad-
equate iodine intake. Currently, as many as 30% of
pregnant women in this country are estimated to have
low levels (<100 png/L), and as recently as 2012, just
under 50% of prenatal vitamins contained no iodine.
At least 1 study®® showed that supplementation given
after 6 to 8 weeks of gestation was ineffective at pre-
venting a drop in IQ levels (8—12 points) in the off-
spring. The current recommendation is for all pregnant
women to take prenatal vitamins containing 150 to
250 pg daily.’’ Older women and multiparas should
be taking the higher doses. The iodine should come from
potassium iodide (KI), not from kelp, as kelp has been
shown to contain highly variable amounts of iodine,
as well as (in some cases) large concentrations of arse-
nic and other heavy metals.

In addition, Connelly et al> recently described 3 cases
of congenital hypothyroidism caused by excess mater-
nal iodine ingestion (12.5 mg/d from nutritional supple-
ments, lodoral [Optimox Corp, Torrance, CA]) Infants
were identified through the Oregon newborn screening
program. Concentrations of whole-blood iodine were
10 times above mean control levels. One infant required
chronic levothyroxine treatment. Maternal breast milk
iodine content was also significantly elevated in the
mother. The other 2 infants were dizygotic twins who
were treated with levothyroxine for 3 weeks, which
was then discontinued. None of the infants presented
with neonatal goiter; the long-term consequences are
not known. These cases emphasize the need for health
care providers to evaluate prenatal vitamin/mineral use
among pregnant women and to recommend appropriate
supplements to prevent unintentional toxicity.

Vitamin A

Deficiency as a cause of night blindness is a major
problem worldwide, but not a significant one in the
United States. Supplementation does prevent and cure
this condition.”>~%> All studies to date fail to show any
significant effects of vitamin A supplementation on
pregnancy outcomes for mother or fetus.”® More than
10,000 IU of vitamin A supplementation per day (4 times
the Recommended Daily Allowance) increases the risk
of cleft lip or palate, hydrocephalus, and heart defects.
[3-Carotene, found in food, does not pose a risk.

Vitamins B¢, B;,, and C

A low level of B, has been associated with high
levels of homocysteine, which has been associated with
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preeclampsia’’ and LBW.”® Deficiency may occur in
vegans who do not take supplements. By serum testing,
17% to 39% of pregnant women are deficient in By,,
but this was not shown to correlate with pregnancy
complications or outcome. Vitamin B¢ supplementation
has been shown in 3 small studies to give a modest
gain in birth weight.”® Vitamin C supplementation
has not been shown to be of value in improving
pregnancy outcomes,’” but has shown value for pre-
vention of wheezing and asthma in the children of
smokers. '

Vitamin E

One study correlated risk of wheeze inversely to the
level of vitamin E as well as a linear relationship be-
tween the level and the forced expiratory volume at
1 minute.'®" No other studies appear to support or re-
fute this. Deficiency during pregnancy may cause mis-
carriage, preterm birth, preeclampsia, and intrauterine
growth retardation.'® There does not seem to be a need
for supplements.

Vitamin D

Adequate vitamin D status during pregnancy is
necessary to ensure appropriate maternal responses
to the calcium demands of the fetus for bone min-
eral accretion. Approximately 25 to 30 g of calcium
are transferred to the fetal skeleton during pregnancy—
approximately 250 mg/d in the third trimester.
Major dietary sources of vitamin D are fatty fish
(salmon), egg yolks, fortified milk, margarine, yogurt,
and orange juice.

Vitamin D screening and supplementation during
pregnancy is a topic of great interest and controversy.
American College of Obstetricians and Gynecolo-
gists'® suggests that current evidence does not support
routine screening of all pregnant women for vitamin D
deficiency. Serum 25-OH vitamin D concentrations of
20 ng/mL (50 nmol/L) or greater are associated with
bone health; values of 32 ng/mL (80 nmol/L) or greater
are associated with appropriate biomarker concentra-
tions. The recommended intake of Vitamin D set by
the Institute of Medicine in 2010 is 600 IU/d. However,
when vitamin D deficiency is identified during preg-
nancy, supplementation with up to 1000 to 2000 IU/d
is considered safe by most experts. Others feel that sup-
plementation in doses up to 4000 IU/d is safe during
pregnancy and lactation. It has been identified as a nu-
trient of public health concern by the US Department of
Health and Human Services.'®*

Numerous studies have shown a prevalence of vita-
min D levels of less than 50 nmol/L in 30% to 96% of
pregnant women, increasing with latitude and with
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nonwhite race.'® """ A study done using archived
samples of cord blood in Denmark showed an in-
creased risk of developing schizophrenia with either
elevated or low levels of Vitamin D. It was hypothe-
sized that if all the infants could have been born with
normal levels there would have been a reduction of
43% in the incidence of schizophrenia among the
adults."'? There is also an association of vitamin D
deficiency and insulin resistance,''® which was reversed
with a single injection of the vitamin''* (not approved
in the United States). Some studies report higher long-
bone density in fetuses of women with adequate amounts
of vitamin D,"">!'¢ but the numbers are small.''” The
general recommendation is 1000 to 2000 mg/d of sup-
plementation, but there are no agreed-upon levels for
sufficiency or insufficiency in pregnancy. There are no
studies clearly showing differences in maternal out-
comes or fetal survival, birth weight, or gestational
length relative to vitamin D,''® but studies on bone
health (and lung function and asthma at age 6 years''”)
support a level of at least 50 nmol/L, which implies
a need for some supplementation for all pregnant
women. 2%

Calcium

Women lose 3% to 5% of their bone mass while lac-
tating but rapidly regain it within 6 months after
weaning. Calcium and/or vitamin D deficiency leads
to porous, weak bones and to rickets. A Cochrane Re-
view has concluded that there is sufficient evidence
to show that calcium supplementation lowers the risk
of preeclampsia and other hypertensive disease of preg-
nancy, especially in the face of a low-calcium diet.124

Food sources of calcium are milk, yogurt, cheese, for-
tified juices, tofu, cereals, Chinese cabbage, kale, broc-
coli, and fish with bones. Multivitamin supplements,
including prenatal supplements, contain little calcium.

Multiple Micronutrients (Multivitamins)

When compared with iron and folate alone, multiple
micronutrients can significantly lower the incidence of
SGA infants, but in 5 studies, they increased the risk of
neonatal death when started after the first trimester.'*’
Regular consumption of fortified cereal grains appears
to be an effective source of all but B vitamins, iron,
and folate.

In the United States, prenatal vitamins should all con-
tain 2 essential elements:

* 0.8 to 1.0 mg folate

e 120 to 150 pug iodine

Calcium, in the amount of 1000 to 2000 mg, should
be provided as a supplement. It is not clear that any
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other specific components are necessary at this time.
The introduction of a nutrient known to be lacking in
an isolated population can highlight the effects of a
deficiency over a short time, but the recognition of
epigenetic mechanisms means that patience is required
to evaluate the full effect on subsequent generations.

High Calorie Malnutrition

Lack of adequate protein in a prenatal diet has been
shown to cause lifelong damage to the developing
fetus in humans and numerous animal studies. The goal
should be to have a diet of 20% protein or more through-
out the pregnancy. Specific damage has been shown at
levels of 7.2% or less, but an extremely high protein in-
take has also been shown to be damaging.®8-126 Damage
from a low-protein diet includes decreased brain size,!2”
altered fat distribution,'® increased obesity,129 shorter
gestation and decreased birth weight,'*® increased stress
sensitivity,"*! decreased sperm quality,'** altered cardiac
energy metabolism,'*® and changes in muscular tone.'**
A diet filled with carbohydrates and fats (soft drinks,
chips, etc) can easily lead to satiation before an ade-
quate amount of protein and other nutrients has been
consumed. A diet skewed toward a high-meat, low-
carbohydrate intake'?® leads to a higher incidence
of hypertension in the offspring as well as high cor-
tisol levels.

DIETARY PATTERNS

Evidence from international scientific research has
identified various eating patterns that may provide
short- and long-term health benefits, including a re-
duced risk of chronic disease.'*> Analysis of overall
food patterns takes into account the complex interac-
tions and cumulative effects of multiple nutrients in
the entire diet, therefore offering a more comprehensive
and complementary approach to public health.

The “Western” diet is a pattern of eating that is asso-
ciated with adverse health outcomes. The typical
Western diet is one low in fruits, vegetables, whole
grains, fish/seafood, and low-fat dairy. It is often called
the meat-sweet diet because it is high in refined sugars,
refined grains (baked goods, desserts, chips), red meat,
and saturated fat. It also typically contains high-
sugar drinks, high-fat dairy, and higher intakes of
processed meats.

Other traditional eating patterns alternatively can
provide health benefits. Their variety demonstrates
that people can eat healthfully in a number of ways,
which also likely applies to pregnancy.

Several healthful dietary patterns have been inversely
associated with the risk of type 2 diabetes mellitus,
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cardiovascular disease, and total mortality'*> Examples

of healthy dietary patterns include the aMED (alterna-
tive Mediterranean diet), DASH (Dietary Approaches
to Stop Hypertension), and aHEI (alternative Healthy
Eating Index). These healthy dietary patterns share com-
mon components, namely, emphasizing a high intake of
vegetables and fruits, high-quality carbohydrates in-
cluding whole grains, protein from beans and smaller
amounts from lean meats, healthy fats from nuts and
seeds, fish and seafood and liquid oils, high in fiber,
low in added sugar, and low intake of red meat and
processed meats.

The types of vegetarian diets consumed in the United
States vary widely.'*> Vegans do not consume any ani-
mal products, whereas lacto-ovo vegetarians consume
milk and eggs. Vegan diets can be low in By,, ribofla-
vin, vitamin D, calcium, and long-chain n-3 fats if not
properly supplemented. Vegetarian diets can also poten-
tially be low in certain nutrients depending on which
food groups might be avoided such as dairy, eggs,
and/or fish and seafood, so supplement recommenda-
tions should be individualized.

Prepregnancy adherence to dietary patterns is now
being investigated, with a few studies showing adher-
ence to healthful dietary patterns being significantly
associated with a lower risk of GDM,!3¢ and a recent
study showed that adherence to a Mediterranean diet
pattern of eating during pregnancy was associated with
lower incidence of GDM and better degree of glucose
tolerance even in women without GDM."?” It has been
speculated that these healthy dietary patterns may min-
imize the susceptibilities a pregnant woman has to
[3-cell dysfunction and insulin resistance.

These data suggest that efforts to encourage dietary
patterns similar to the aMED, DASH, or aHEI might
yield benefits for women of reproductive age and for
pregnant women as well. My Pregnancy Plate is an
education tool created using this emerging evidence
of healthy eating patterns that can be advocated for
in this population (Fig. 2).

Glycemic Index

The GI was proposed over 30 years ago as a clas-
sification of the blood glucose—raising potential of
carbohydrate-containing foods,'*® and the concept
has stirred up controversy ever since. The GI uses a
100-point scale to measure how rapidly the carbohy-
drates in food cause blood sugars to rise. Foods with
a high-GI value cause a big rise in blood glucose,
and foods with a low-GI value cause a smaller rise.
A competing measure, the glycemic load, adjusts
this value by taking into account serving sizes and
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My Pregnancy Plate

Choose large portions of
a variety of non-starchy
vegetables, such asleafy

greens, broccoli, carrots,
peppers or cabbage.

Choose small amounts /
of healthy oils (olive and
canola) for cookingorto
flavor foods. Nuts, seeds /
and avocados contain {
healthy fats.

Non-starchy
vegetables

Choose a variety of whole
fruits. Limit juice and
dried fruits.

Fruit is great for snacks
and dessert, too.

Obstetrical and Gynecological Survey

Choose 2 to 3 servings of nonfat
or 1% milk or yogurt (cow, soy
or almond). A serving is 8 0z.
Choose yogurt with less than
— 15 g of sugar per serving.

e

Drink mainly water, ==
decaf tea or decaf coffee

and avoid sugary ===
beverages.

Choose protein sources
such as poultry, beans,
nuts, low-mercury
seafood, eggs, tofu or

low-fat cheese. Limit

red meat and avoid cold
cuts and other processed
meats.

Choose whole grains,
such as whole wheat
2 x bread or pasta, brown

T o rice, quinoa or oats and
other healthy starches
like beans, lentils, sweet
potatoes or acorn squash.
Limit white bread, white
rice and fried potatoes.

Whole grains,
legumes and
starchy

V. bles

O~ /

FIG. 2. My Pregnancy Plate. Dietary suggestions for healthy nutrition during pregnancy. ©2014 Oregon Health & Science University. All rights
reserved. Reproduction in whole or in part without expressed written consent from OHSU is prohibited.

the amount of carbohydrates per serving. The glyce-
mic load may be more practical than the GI because
it accounts for quantity in addition to carbohydrate
quality.'* There is evidence that low-GI diets improve
glycemic control in people with diabetes'**'*! and re-
duce risk of type 2 diabetes in men and women.'**'*?
The application of the GI to pregnancy outcomes is
more recent. Pregnancy is a condition in which the
GI may be of particular relevance because maternal
glucose is the main energy substrate for intrauterine
growth, and elevated maternal blood glucose levels
are well recognized to contribute to excessive fetal
growth. A review article'** evaluating the evidence
regarding the effect of GI on maternal and fetal nutri-
tion concluded that there was insufficient evidence
to recommend a low-GI diet during normal preg-
nancy, as 1 of 8 studies showed an increase in SGA
babies. That study, however, had very small num-
bers. There is probably some benefit of low-GI diet

advice in reducing a woman’s risk of having a large-
for-gestational age infant.'** For pregnancy compli-
cated by GDM, however, a low-GI diet may confer
benefits. Current evidence, although limited, consis-
tently supports the advantages of, and has demonstrated
no disadvantages of, a low-GI diet.!*¢ Pregnant women
with GDM are likely to benefit from following a
low-GI meal pattern, with no significant adverse
effects, and consideration of the GI should be given
when formulating a diet for GDM.'*® Using a low-GI
diet for women with GDM has been shown to halve
the number needing to use insulin, with no compromise
of obstetric or fetal outcomes.'*’

Glycemic index is only one tool that can be used to
determine carbohydrate quality. In another clinical trial,
in intensively monitored women with GDM, a low-GI
diet and a conventional high-fiber diet produced similar
pregnancy outcomes.'*® Excess glucose is also not the
only fuel that can contribute to fetal overgrowth (see
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section on fat). Until further larger-scale interven-
tion trials, preferably randomized controlled trials,
are completed, a low-GI diet should not replace the
current pregnancy recommendations from government
and health agencies.'**'%

CONCLUSIONS

There is good evidence to support a need for supple-
mentation with folate, iodine, and calcium for all preg-
nancies. There is good evidence for supplementation
with vitamin C in pregnant women who smoke. There
is no good current evidence to show value in supple-
mentation for iron and vitamins A, B¢, B15, A, E, or D
at this time, although there are many suggestive studies
for vitamin D. All pregnant women should be encouraged
to eat a balanced diet rich in fresh or frozen fruits
and vegetables, high-quality carbohydrates including
whole grains, and with a good mix of proteins from
beans, lean meats, fish, and seafood. Their diet should
be low in added sugar, red meat, and processed
foods. Information beyond this simple prescription
is simply not yet available for pregnant women or
their offspring.
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