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As three moms, we know pregnancy can be a tough road. Each of us have faced 
our own struggles during and after our pregnancies including prenatal and 

postpartum depression, hyperemesis, gestational diabetes, preeclampsia, pla-
centa previa, and a high-risk monochorionic-diamniotic pregnancy. We under-
stood that many factors contributed to our circumstances, and we addressed 

those concerns as best we could—most important of which, maintaining a 
healthy diet that nourished ourselves and our growing babies. 

But it wasn’t easy to consume in a day all of the necessary, or right combination 
of necessary, nutrients. In the end, we realized more could be done, and 

improved upon, for future parents.   

In 2023, we set out to develop the world’s first prenatal vitamin that contains all 
of the recommended nutrients, as endorsed by the American College of Obste-
tricians and Gynecologists for nutrition during pregnancy, at their suggested 

dosages. No other available prenatal vitamin on the market can say the same. 

Through our amazing partnership with Nutrition Formulators, we identified the 
perfect formulation process that took into account many factors. That includes 
the format (drink or capsule), flavors (what works best with the combination of 
vitamins and minerals), and last but not least, ease of use. Every decision we 

made, we made with you in mind. There is a reason behind every choice, rang-
ing from the exact ingredients we chose to our design and packaging. 

We made this for you,

a  note from the founders
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01  introduction

While pregnancy can be tough, worrying about your growing family's nutritional health 
shouldn't add to that stress. That's why getting essential nutrients is crucial, especially 
since your baby relies on your nutrient stores to fuel their development. The right nutri-
ents can significantly impact your child's future health, shaping their risk for diseases 
like cancer, heart disease, and diabetes.

During pregnancy the body undergoes many physiological shifts, which requires a surge 
in nutrient intake to fuel the development of the fetus. While a healthy and well-bal-
anced diet is crucial, the effects of nausea and vomiting during pregnancy (NVP) or 
more serious hyperemesis gravidarum (HG) can make it difficult to meet nutritional 
needs through food and diet alone. This is where prenatal vitamins become critical—they 
help bridge nutritional gaps and support a healthy pregnancy.

From the onset of a pregnancy, the embryo begins its rapid development, relying on 
their birthing parent’s stores of nutrients to sustain its growth and development [1]. If 
nutrient levels are inadequate, fetal growth and development can be seriously compro-
mised—especially when it comes to the lack of micronutrients (like zinc and iron), which 
are needed to meet the high-metabolic demands of early pregnancy [1, 2]. Many 
researchers claim that pre-pregnancy nutrition is essential before conception [3] and 
that decisions made during pregnancy can have a significant effect on the child's health, 
including their lifetime risk of developing cancer, cardiovascular disease, hypertension, 
diabetes, and other diseases [4]. 

It was with this in mind that we developed byMae prenatal+. Our formula optimizes the 
efficaciousness of vitamins and minerals based on when, and how, they will be best 
absorbed by the body. 

Vitamins and minerals can act as agonists or antagonists to one another. This means 
that they can enhance each other’s absorption in the body, and even boost overall 
effects. At the same time, they can compete for absorption, making it more likely that a 
user will not get the full benefit of their supplement. For this reason, jamming all of the 
recommended minerals into the same formula may be undesirable. 

When designing the byMae prenatal+ formula, we thought it best to divide the product 
into two separate parts: AM and PM. This allowed the team to pair micronutrients based 
on when they would be best absorbed and create ample time between usage to allow 
for proper digestion. Below, we explain what each ingredient does in the body, why we 
chose to include it in our AM or PM formula, and how they interact with one another. 
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02            formula

The ingredients in our AM formula were selected because: 1) they are best absorbed in 
the morning, 2) they are not antagonists to one another (they will not compete for 
absorption), and 3) they support each other’s absorption. Here is the list for our AM 
formula: 

• Calcium: A mineral powerhouse that is best absorbed in the morning
• Choline
• Potassium Iodide
• Vitamin C
• Biotin
• Vitamin K2
• Vitamin B3
• Chromium
• Vitamin E
• Vitamin D3
• Vitamin B5 Calcium Pantothenate
• Vitamin B2 Riboflavin
• Vitamin B1 Thiamine

03            formula

Like our AM formula, our PM formula was chosen based on optimal absorption time 
for each ingredient. The following ingredients listed below will not compete for 
absorption, and will best support each other’s absorption. In this mix, we also offer 
our Omega-3s in a separate capsule to bolster the efficacy of the PM formula. 

• Vitamin A
• Folate Vitamin B9
• Magnesium
• Selenium
• Iron
• Zinc
• Vitamin B12 Natural
• Vitamin B6
• Manganese
• DHA
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04  how we chose our ingredients

The American College of Obstetricians and Gynecologists (ACOG) endorses the use of 
specific nutrients and their recommended dosages during pregnancy. But getting the 
right amount of each nutrient isn't always easy. A 2019 report from the JAMA Open 
Network found that many pregnant women were consuming too little or too much of 
certain key nutrients during pregnancy, and a 2023 Consumer Reports research 
showed that none of the prenatal vitamins they reviewed met all of the ACOG's recom-
mendations. In fact, a 2022 review of over 20,000 US dietary supplements found that 
only one product, which wasn't even a prenatal and cost over $200 per month, met the 
target doses for six key nutrients during pregnancy (vitamin A, vitamin D, folate, 
calcium, iron, and Omega-3s and fatty acids). 

That's where byMae prenatal+ comes in. Our formula contains all of the vitamins and 
minerals recommended by ACOG at their recommended targets, addresses those 
nutrients that JAMA found were most likely to be lacking, and includes a few more 
that help boost the effects of other ingredients. Table 1.1 (next page) details all of the 
ingredients in the byMae prenatal+ formula and whether they are suggested by 
ACOG, cited in the JAMA report, or both. Ingredients that include dosages are shown 
because they align completely with ACOG recommendations (where those recommen-
dations are available) and blank cells mean that byMae included the ingredient in its 
formula as an added benefit.
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https://www.acog.org/womens-health/faqs/nutrition-during-pregnancy
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05  figure 1.1 byMae prenatal+ formulated with exactitude and care
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06  timing is everything

Based on our research, timing is everything – that's why we've formulated our prena-
tal vitamins with the body's natural rhythms in mind. Take magnesium and vitamin B6, 
for example. These nutrients play a key role in producing melatonin and GABA, a 
hormone and neurotransmitter that helps you unwind and prepare for sleep. By 
including them in our PM formula, we ensure they can work their magic when you 
need them most. On the other hand, calcium absorption at the start of the day can get 
a boost from vitamin D, which the body produces in response to sunlight. That's why 
we've included it in our AM formula, along with other nutrients that are best absorbed 
in the morning.

We've also carefully considered the forms of each vitamin and mineral for optimal 
absorption and effectiveness. For instance, another path to boost the effectiveness of 
vitamins is by using half of the active coenzyme forms of B complex vitamins, so they 
can get straight to work in the body tissue without first needing to be converted in the 
liver. That includes thiamine pyrophosphate (Vitamin B1), riboflavin -5-phosphate 
(Vitamin B6) and Pyridoxal-5-phosphate (Vitamin B6).

We've even considered how different minerals (agonists versus antagonists) interact 
with each other, optimizing absorption and metabolization. We know that several 
minerals can have antagonistic actions between them (see figure below), including 
calcium and magnesium (as mentioned above), calcium and iron, zinc and copper, and 
many others. Some minerals compete for absorption, while others work together to 
enhance their effects. By separating competing minerals between our AM and PM 
formulas, we ensure that the body can make the most of every nutrient. It's all part of 
our commitment to providing a prenatal vitamin that truly delivers.
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06  figure 1.2 mineral antagonism visualized
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This illustration, created by Dr. Marcelo Ferro, shows how vari-
ous minerals interact with one another, illustrating the impedi-
ments to absorption that exist between them. The arrowheads 
point to ionic minerals that are suppressed in intestinal absorp-
tion by the presence of ionic forms of the mineral at the oppo-
site end of the line. Double, opposite arrowheads on the same 
line show mutual suppression between elements. Mineral atago-
nisms cause imbalances of some minerals in relation to others, 
which cause problems in the utilization of minerals by the body. 
This interference can be called, “mineral antagonism”. Minerals 
that do not appear do not influence minerals on the map.
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06  timing is everything (cont.)

The chemical shape and structure of the chosen minerals was also based on the body's 
internal temporal organization, or its natural rhythms. For example, magnesium glyci-
nate can induce sleep and improve protein synthesis during the first three hours of 
sleep. That’s because glycine, when chelated to magnesium, interacts with the brain to 
control core temperature. Magnesium also plays a key role in sleep metabolism, while 
glycine acts as an inhibitory neurotransmitter that helps reduce core temperature. 
Additionally, selenium and manganese aid in detoxification and the removal of free 
radicals during sleep, as these two minerals serve as cofactors for the enzymes gluta-
thione peroxidase and superoxide dismutase, respectively. Similarly, methyltetrahy-
drofolate, methylcobalamin, and pyridoxal-5-phosphate vitamins act as methylators 
that can assist in melatonin synthesis. Using these vitamins at night aligns with meta-
bolic processes.

Conversely, certain vitamins and minerals can enhance enzymes involved in energy 
metabolism when taken during the day. Cocarboxylase, riboflavin-5-phosphate, nia-
cinamide, and pantothenic acid act on mitochondrial enzymes that synthesize adenos-
ine triphosphate (ATP), the energy currency of human metabolism. Calcium and chro-
mium also contribute to energy and glucose metabolism, respectively, improving 
overall energy levels in pregnant women. Therefore, separating micronutrients into AM 
and PM formulas based on biological rhythms and mineral interactions can optimize 
their benefits.

07  importance of supporting brain development during pregnancy

A baby's brain is an energy powerhouse, and it needs premium fuel to reach its full 
potential. Brain development places the greatest metabolic demand on newborns—ac-
tually consuming more resources and energy for its functioning, growth, and matura-
tion than any other organ [12].  Brain development starts early in pregnancy and shifts 
into overdrive between weeks 22 and 42 [11]. During this crucial period, the baby's 
brain undergoes many important changes from the prenatal period and continues 
through the second year of life. The brain is busy building cells, generating neurons 
and nerve tissue, and forming neuronal differentiation. In short, the foundation for a 
lifetime of learning and growth is created [11]. But even minor nutritional gaps can 
disrupt this complex process, impacting everything from cognitive skills to motor 
function and social development [13]. 

Think of this crucial period like building a house: without the right materials and foun-
dation, the structure will be weak and unstable. The same goes for a baby's brain and 
its development. A baby’s brain needs a steady supply of key nutrients to build strong 
neural pathways and ensure optimal development. 
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07  importance of supporting brain development during pregnancy (cont.)

As these processes take time, a good diet can help the brain develop and function. It can 
even affect important brain chemicals such as serotonin, norepinephrine, dopamine, and 
acetylcholine [14]. Certain fats are also essential for development of the brain’s myelin 
sheaths. For example, docosahexaenoic acid and phosphatidylserine are needed to build 
brain cell membranes [15]. A lack of these nutrients can cause problems with movement, 
thinking, and social skills [11]. Even sleep, brain activity, and how the brain reacts to sight 
and sound can be affected in babies born early who don't get enough nutrients [16].

At byMae, we've carefully selected ingredients that support brain health, including ome-
ga-3 fatty acids, choline, and B vitamins, to help nourish your baby's growing mind.

08  the role of nutrients during prenancy

Nutrients are the building blocks of a healthy body, and during pregnancy, they play a 
starring role in supporting both the pregnant parent and their growing baby. They include 
carbohydrates, fats, proteins, vitamins, minerals, and water. During pregnancy, more 
nutrients are needed in order to support a growing baby. According to UNICEF, healthy 
food choices on a daily basis are crucial to providing a baby with all of the nutritional 
support they need to develop. If a person doesn't get enough nutrients before or during 
pregnancy, it can be harmful to them and the baby. These deficiencies can be mitigated 
with proper interventions, such as micronutrient supplementation [17]. Consuming a 
healthy diet may be the ideal way to reach nutritional goals, but can be difficult to do in 
general, and especially during pregnancy. This is why supplements like vitamin D, folate, 
iron, and calcium are often prescribed during pregnancy. Even with supplements, eating a 
healthy and varied diet is still important [19].

Still, an estimated 20% to 30% of pregnant people worldwide suffer from some vitamin 
deficiency [20]. Most studies on nutrition in pregnancy have focused primarily on micro-
nutrients or have examined specific nutrients in isolation, like folic acid or vitamin D [21, 
22]. Many studies on macro-and-micronutrients during pregnancy have often overlooked 
important nutrients like zinc, fiber, or B vitamins (specifically B1, B2, B3) [18]. The scientif-
ic community is paying closer attention to this issue and are arguing for more large-scale 
research on how a lack of nutrients affects pregnancy and how we can improve nutrition 
for women during pre-conception and during pregnancy [18]. 
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06  timing is everything (cont.)

The chemical shape and structure of the chosen minerals was also based on the 
body's internal temporal organization, or its natural rhythms. For example, magne-
sium glycinate can induce sleep and improve protein synthesis during the first three 
hours of sleep. That’s because glycine, when chelated to magnesium, interacts with 
the brain to control core temperature. Magnesium also plays a key role in sleep me-
tabolism, while glycine acts as an inhibitory neurotransmitter that helps reduce core 
temperature. Additionally, selenium and manganese aid in detoxification and the 
removal of free radicals during sleep, as these two minerals serve as cofactors for the 
enzymes glutathione peroxidase and superoxide dismutase, respectively. Similarly, 
methyltetrahydrofolate, methylcobalamin, and pyridoxal-5-phosphate vitamins act as 
methylators that can assist in melatonin synthesis. Using these vitamins at night 
aligns with metabolic processes.

Conversely, certain vitamins and minerals can enhance enzymes involved in energy 
metabolism when taken during the day. Cocarboxylase, riboflavin-5-phosphate, nia-
cinamide, and pantothenic acid act on mitochondrial enzymes that synthesize ade-
nosine triphosphate (ATP), the energy currency of human metabolism. Calcium and 
chromium also contribute to energy and glucose metabolism, respectively, improving 
overall energy levels in pregnant women. Therefore, separating micronutrients into AM 
and PM formulas based on biological rhythms and mineral interactions can optimize 
their benefits.

07  importance of supporting brain development during pregnancy

The baby's brain is the central powerhouse, and it needs premium fuel to reach its full 
potential. Brain development places the greatest metabolic demand on newborns—ac-
tually consuming more resources and energy for its functioning, growth, and matura-
tion than any other organ [12].  Brain development starts early in pregnancy and 
shifts into overdrive between weeks 22 and 42 [11]. During this crucial period, the 
baby's brain undergoes many important changes from the prenatal period and contin-
ues through the second year of life. The brain is busy building cells, generating neu-
rons and nerve tissue, and forming neuronal differentiation. In short, the foundation 
for a lifetime of learning and growth is created [11]. But even minor nutritional gaps 
can disrupt this complex process, impacting everything from cognitive skills to motor 
function and social development [13]. 

Think of this crucial period like building a house: without the right materials and foun-
dation, the structure will be weak and unstable. The same goes for a baby's brain and 
its development. A baby’s brain needs a steady supply of key nutrients to build strong 
neural pathways and ensure optimal development. 

the macros

09  macronutrients vs. micronutrients

Nutrients are classified into two categories: macronutrients or micronutrients. Macro-
nutrients provide the body with energy, so we need them in large quantities. The 
macros consist mostly of proteins, fats, and carbohydrates. Micronutrients are just as 
essential, even though we need them in smaller amounts. They include vitamins and 
minerals, which are essential for maintaining wellbeing and overall health. Below is 
breakdown of each category:  

Protein: Key Building Block

Protein is an essential building block for the birthing parents and their baby. It is 
made up of amino acids, which are key in everything from building cells and tissues to 
making enzymes and hormones. While proteins are associated with animal products 
like meat, fish, eggs, and milk, it is recommended that only 18% of the daily intake of 
protein come from these food sources. We can also find plant-based proteins in 
legumes, leafy greens, grains, and seeds. However, getting all nine essential amino 
acids for optimal nutrition can be tricky, especially during pregnancy.

The body swiftly adjusts after conception. The metabolism works overtime several 
weeks after conception to maintain a healthy balance while accommodating the 
increased demands of the growing baby and preparing for lactation [23]. While pro-
tein turnover in early pregnancy is similar to that of non-pregnant women, protein 
synthesis ramps up by 15% in the second trimester and a whopping 25% in the third 
trimester. [24].

This increased production–along with decreased amino acid concentrations, urea 
synthesis and urinary urea excretion–helps conserve protein and ensure your baby 
gets the nutrients they need to grow and thrive from early pregnancy and throughout 
the nine-month period [18]. In healthy and well-nourished individuals, these changes 
help the body store protein and nitrogen ensuring the baby gets the nutrients it needs 
[23]. It's almost like the body's own superhero, working behind the scenes to support 
pregnant mothers and their little ones. Many of the ingredients in byMae’s prenatal+ 
support protein synthesis, including iodine, magnesium, and zinc, whereas manganese 
and vitamins B2 and B6 aid in protein metabolism. 
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07  importance of supporting brain development during pregnancy (cont.)

As these processes take time, a good diet can help the brain develop and function. It can 
even affect important brain chemicals such as serotonin, norepinephrine, dopamine, and 
acetylcholine [14]. Certain fats are also essential for development of the brain’s myelin 
sheaths. For example, docosahexaenoic acid and phosphatidylserine are needed to build 
brain cell membranes [15]. A lack of these nutrients can cause problems with movement, 
thinking, and social skills [11]. Even sleep, brain activity, and how the brain reacts to sight 
and sound can be affected in babies born early who don't get enough nutrients [16].

At byMae, we've carefully selected ingredients that support brain health, including ome-
ga-3 fatty acids, choline, and B vitamins, to help nourish your baby's growing mind.

08  the role of nutrients during prenancy

Nutrients are the building blocks of a healthy body, and during pregnancy, they play a 
starring role in supporting both the pregnant parent and their growing baby. They include 
carbohydrates, fats, proteins, vitamins, minerals, and water. During pregnancy, more 
nutrients are needed in order to support a growing baby. According to UNICEF, healthy 
food choices on a daily basis are crucial to providing a baby with all of the nutritional 
support they need to develop. If a person doesn't get enough nutrients before or during 
pregnancy, it can be harmful to them and the baby. These deficiencies can be mitigated 
with proper interventions, such as micronutrient supplementation [17]. Consuming a 
healthy diet may be the ideal way to reach nutritional goals, but can be difficult to do in 
general, and especially during pregnancy. This is why supplements like vitamin D, folate, 
iron, and calcium are often prescribed during pregnancy. Even with supplements, eating a 
healthy and varied diet is still important [19].

Still, an estimated 20% to 30% of pregnant people worldwide suffer from some vitamin 
deficiency [20]. Most studies on nutrition in pregnancy have focused primarily on micro-
nutrients or have examined specific nutrients in isolation, like folic acid or vitamin D [21, 
22]. Many studies on macro-and-micronutrients during pregnancy have often overlooked 
important nutrients like zinc, fiber, or B vitamins (specifically B1, B2, B3) [18]. The scientif-
ic community is paying closer attention to this issue and are arguing for more large-scale 
research on how a lack of nutrients affects pregnancy and how we can improve nutrition 
for women during pre-conception and during pregnancy [18]. 

     

   
   

   
     

  

the
 macros

09  macronutrients vs. micronutrients (cont.)

Carbohydrates: The Body's Fuel

Carbohydrates, those mighty polysaccharides chains of interconnected glucose, are 
the body's primary source of energy. During pregnancy they fuel the cells, keeping 
parent and baby powered throughout any given day, and also serve as a key source 
for the formation of ATP and nucleic acids (DNA and RNA) [25]. But not all carbohy-
drates are created equal. They affect blood sugar levels differently. Sugary foods like 
white rice, white bread, fruit juice, and potatoes can cause big spikes in blood sugar, 
which can be harmful to both the birthing parent and baby [18, 26]. Healthier carbs 
like fresh fruits, vegetables, rye, oats, yams and sweet potatoes don't cause these 
spikes in blood sugar [26]. The glycemic load (GL) takes into account both the type 
and amount of carbohydrates in food and is calculated by multiplying the amount of 
carbs by a food's glycemic index [27]. It's also important to eat enough fiber, a type of 
plant carbohydrate that helps with digestion, bowel movements and keeps the blood 
sugar steady. Good sources of fiber include fruits, vegetables, nuts, and whole grains 
[28]. Eating healthy carbs and fiber is good for both mom and baby [18].

Fatty Acids: The Unsung Heroes for Pregnancies

Fatty acids, the unsung hero among the macros, are instrumental in pregnancy nutri-
tion and the baby’s overall growth and development. These powerhouses come in two 
main types: essential fatty acids, which the body can't produce on its own and must 
be obtained through diet, and non-essential fatty acids, which the  body can make 
from other nutrients [29, 30].

Essential fatty acids include linoleic acid (18:2 n-6) and alpha-linoleic acid (18:3 n-3), as 
well as their long-chain derivatives, arachidonic acid (AA), eicosapentaenoic acid ( 
EPA) and docosahexaenoic acid (DHA) [29]. These fatty acids are vital for building 
tissues and cell membranes, serving as protective barriers within the baby's body. 
They also play a key role in producing hormones that regulate everything from blood 
pressure to inflammation. Cold-water fish are rich in these types of fatty acids, espe-
cially omega-3 [30]. 

During pregnancy, levels of fatty acids decrease by around 40%. [30], making the 
supplementation of these fatty acids, especially long-chain polyunsaturated fatty 
acids (PUFAs), such as DHA and EPA, essential for the future health of mom and their 
baby [30]. DHA, for instance, is a major player in brain and eye development. EPA also 
helps reduce inflammation, thereby potentially lowering the risk of pre-eclampsia [31].  
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09  macronutrients vs. micronutrients (cont.)

Folate: The Star of B-complex Vitamins

Folate, the star of the B-vitamin family (also known as vitamin B9), is a baby’s best 
friend during those crucial early weeks of pregnancy. Found in leafy greens, citrus 
fruits, and fortified cereals, folate works tirelessly behind the scenes to support rapid 
cell division and tissue growth, especially in the developing neural tube (which later 
forms the baby's brain and spine) [32]. This is all within the first four weeks of preg-
nancy, when most people may not even know that they are pregnant. That's why 
getting enough folate supplements early on is so important.    

The protective effects of folate supplements wane after pregnancy is established [33]. 
Higher doses of up to 5 mg per day are generally recommended for high-risk preg-
nancies. This includes people with a history of diabetes, anti-seizure medication use, 
and neural tube defects. Intermittent doses of 5 mg per week are also recommended 
for women with a history of inadequate diets, smoking, and alcohol consumption [34]. 
Unlike its synthetic cousin, folic acid, folate is naturally found in foods as polygluta-
mate. To be absorbed and used by the body, it needs to be broken down into a simpler 
form called monoglutamate [35]. This process happens in the intestines and liver, with 
the help of a special enzyme glutamate carboxypeptidase II (GPCII) and two trans-
porters known as the proton-coupled folate transporter (PCFT) and and the reduced 
folate transporter (RFC) [37, 38]. 

Once the process is completed, much of the folate is converted into its active form, 
5-methyltetrahydrofolate (5-MTHF), which is then transported to the liver and placen-
ta [37]. Both natural folate and folic acid are eventually converted into 5-MTHF, but
they are absorbed and transported through the body differently. This more bioavail-
able form of folate, 5-MTHF, is what byMae uses in its formula.
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09  macronutrients vs. micronutrients (cont.)

Vitamin A: Another Unsung Hero

Vitamin A, a fat-soluble vitamin that is stored in the liver, is yet another unsung hero of 
pregnancy nutrition. While commonly known as Retinol, vitamin A comes in two main 
forms: preformed vitamin A (found in animal products) and provitamin A carotenoids 
(found in colorful fruits and veggies like kale and carrots). Both types eventually convert 
to retinol, the active form of vitamin A [40]. This nutrient powerhouse is essential for 
vision, growth, bone health, immune function, and gene transcription. It also serves as 
an antioxidant and supports maternal metabolism. During pregnancy, it's crucial for 
supporting the growth and maintenance of fetal tissues, as well as for the pregnant 
parent’s overall health [40]. vitamin A [18].

Vitamin A deficiency can cause vision problems, such as night blindness, during preg
nancy. This affects about 7.8% of pregnant people worldwide, with 15.3% considered 
deficient based on scrum retinol concentrations. Some studies suggest that maternal 
night blindness might be linked to infant death and low birth weight. While a Cochrane 
meta-analysis of 19 studies with over 310,000 women, found vitamin A supplements 
didn't affect death rates in mothers or babies, stillbirths, low birth weight, early delivery, 
or anemia in newborn, it did find that, for people who are already low in vitamin A, 
taking supplements did help with anemia, infections, and night blindness [40]. Since too 
much vitamin A can be harmful, pregnant women shouldn't take more than 10,000 IU per 
day. It's safer to use beta-carotene instead, which is a natural form of vitamin A [18].

B-complex: The Macro Processor

B complex vitamins, a dynamic group of water-soluble nutrients, are necessary for the 
production and release of energy in cells and for the metabolism of proteins, fats, and 
carbohydrates. They include B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic 
acid), B6 (pyridoxine), B7 (biotin), B9 (folate), and B12 (methylcobalamin).
They're found in a variety of foods, from animal products like meat, poultry, fish, and 
dairy to fortified cereals, legumes, and leafy green vegetables. Think of them as your 
body's pit crew, keeping your metabolism running smoothly, your energy levels high, and 
your cells in tip-top shape. These vitamins work as helpers in many ways within the body 
processes, including making energy, using nitrogen, and forming blood cells [41].

B-vitamins also act as coenzymes in several intermediate metabolic pathways, including
energy generation, nitrogen metabolism, methylation processes, and blood cell forma-
tion [41]. Vitamin B12 and folate team up to convert homocysteine into methionine,
which is an important process for the methylation of DNA, RNA, proteins, and brain
chemicals [42]. Vitamins B1, B2, B3, and B5 work on specific enzymes to produce adenos-
ine triphosphate (ATP), the body's energy source [43]. A deficiency of these vitamins can
have an impact on cell growth as well as on the development of the baby’s nervous
tissue due to its high energy demand [18, 44]. Pregnant people need more of these vita-
mins because they need more energy and protein, especially in the third trimester [18].
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09  macronutrients vs. micronutrients (cont.)

B-complex: The Macro Processor (cont.)

Studies show that during pregnancy, the body holds on to more B vitamins to meet the 
growing baby's needs [29]. But even with these changes, many people are still low on 
these important vitamins. For instance, one in four pregnant women don't get enough 
vitamin B12, according to Sukumar et al. [45]. The deficiency of thiamine (vitamin B1) 
can also affect the baby’s brain development [46]. While evidence on the benefits of 
supplementation of riboflavin and niacin is still sparse, the deficiency of these B vita-
mins has been linked to problems like preeclampsia, heart defects, and low birth weight. 
[47,48]. On the bright side, getting more thiamine, niacin, and vitamin B6 around the 
time of conception seems to help with nausea and might even lower the risk of birth 
defects like cleft palate [49].

Vitamin D: The Protector

Vitamin D, a multifaceted superstar,  plays an instrumental role in everything from bone 
health to immune function, gene regulation, fighting inflammation, new blood vessels 
growth, and even glucose metabolism [50]. This fat-soluble vitamin comes in two forms: 
vitamin D2 (found in some plant-based foods) and vitamin D3 (which your body produc-
es when exposed to sunlight). While both types are important, vitamin D3 is the VIP, as 
it's more easily absorbed and utilized by the body [51].

After we ingest this vitamin, either through food or the sun, the liver and kidneys 
change vitamin D into its active form so the body can use it. The vitamin is first hydrox-
ylated in the liver to form 25-hydroxyvitamin D (25(OH)D), the major circulating form 
and most common measure of vitamin D levels; and then, it is converted in the kidney 
to form 1, 25-dihydroxyvitamin D (1,25(OH)2D3), the biologically active form [52]. Stud-
ies show that the global estimate of pregnant women worldwide who don't get enough 
vitamin D is about  40% to 98%, and 15% to 84% are severely deficient [60]. Deficiency 
can be attributed to several factors, including low intake of vitamin D-packed foods, 
highly-pigmented skin, and lack of sunlight exposure due to sedentary indoor lifestyles 
[53]. While byMae supports the use of protective measures to prevent skin cancer, such 
as use of sunscreen and/or UV-ray blocking clothing, they can prevent vitamin D 
absorption -- making supplementation with Vitamin D3 all the more important. 

During pregnancy, babies get all their vitamin D from their birthing parent [51]. In fact, 
the active form of vitamin D, 1,25(OH)2D3, increases throughout pregnancy, reaching 
levels that would be toxic in non-pregnant people, according to Hollis et al. [54]. This 
process is unique to pregnancy and depends on the bioavailability of the 25(OH)D sub-
strate, but is independent of calcium metabolism [54]. Not getting enough vitamin D 
can lead to pre-eclampsia, gestational diabetes, premature birth, and low birth weight 
[55, 56, 57, 58].  Also studies show that getting enough vitamin D during pregnancy is 
crucial in optimizing mom and baby's bone health as well as supporting the baby’s 
growth and development [18].
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09  macronutrients vs. micronutrients (cont.)

Calcium: A Mineral Powerhouse

Calcium, a mineral powerhouse, is essential for strong bones and teeth - not just for 
mom, but also for a growing baby too! This mineral is also a key player in muscle func-
tion, nerve transmission, and heart health. And as if that wasn't enough, calcium can 
even help keep a pregnant person’s blood pressure in check, lowering the risk of compli-
cations like pre-eclampsia  [59]. 

Calcium needs increase during pregnancy, especially in the third trimester, in order to 
support the growing baby's bone development. During those final three months, a baby 
can receive between 250 and 350 milligrams of calcium from their mother each day [60, 
61]. The good news is: the body is naturally designed to absorb more calcium during 
pregnancy, thanks to a boost from hormones like vitamin D, estrogen, and prolactin 
[60]. And while a pregnant mom can get enough calcium from food alone (1.2 grams a 
day is recommended), some health experts suggest taking 0.3-2.0 grams of calcium 
supplements, especially if you don't get enough calcium from your diet (less than one 
gram a day) [61]. This extra calcium helps keep your bones strong, supports your baby's 
growth, and might even lower the risk of problems like pre-eclampsia.

A lack of calcium during pregnancy can lead to weaker bones, tingling or prickling 
sensations (paresthesia), muscle cramps, and even tetanus or tremors. It can also 
affect baby's growth, potentially causing slower growth, lower birth weight, and prob-
lems with bone development [62].

Recent studies show that people who don't get enough calcium are more likely to have 
high blood pressure or hypertension during pregnancy. The World Health Organization 
(WHO), which reviewed 21 trials with over 90,000 women from two Cochrane, reported 
in 2013 that taking calcium lowered the risk of pre-eclampsia by over 50%, no matter 
how much calcium the women were getting before or their risk of high blood pressure 
[61, 62]. These findings were most noticeable in women who weren't getting much calci-
um from their diet (less than 900 mg/day) and women who were already more likely to 
get pre-eclampsia [63]. Because of these findings, the WHO suggests that pregnant 
women who are at high risk for preeclampsia or who don't get enough calcium from 
food take 1.5–2.0 grams of calcium supplements daily [63].

Iodine: A Little Goes a Long Way

Iodine, a trace mineral that's anything but insignificant, is essential for producing thy-
roid hormones that regulate growth, development, and metabolism. Iodine can be 
found in many sources like seaweed, seafood, eggs, dairy, and plants grown in 
iodine-rich soil or areas where animal feed is fortified with iodine [64]. Pregnancy 
brings about many changes in the body, including making more thyroid hormones, 
which need iodine to work. The National Health and Medical Research Council (NHMRC) 
recommends that pregnant women get 220 micrograms of iodine per day [67].
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09  macronutrients vs. micronutrients (cont.)

B-complex: The Macro Processor (cont.)

Studies show that during pregnancy, the body holds on to more B vitamins to meet the 
growing baby's needs [29]. But even with these changes, many people are still low on 
these important vitamins. For instance, one in four pregnant women don't get enough 
vitamin B12, according to Sukumar et al. [45]. The deficiency of thiamine (vitamin B1) 
can also affect the baby’s brain development [46]. While evidence on the benefits of 
supplementation of riboflavin and niacin is still sparse, the deficiency of these B vita-
mins has been linked to problems like preeclampsia, heart defects, and low birth weight. 
[47,48]. On the bright side, getting more thiamine, niacin, and vitamin B6 around the 
time of conception seems to help with nausea and might even lower the risk of birth 
defects like cleft palate [49].

Vitamin D: The Protector

Vitamin D, a multifaceted superstar,  plays an instrumental role in everything from bone 
health to immune function, gene regulation, fighting inflammation, new blood vessels 
growth, and even glucose metabolism [50]. This fat-soluble vitamin comes in two forms: 
vitamin D2 (found in some plant-based foods) and vitamin D3 (which your body produc-
es when exposed to sunlight). While both types are important, vitamin D3 is the VIP, as 
it's more easily absorbed and utilized by the body [51].

After we ingest this vitamin, either through food or the sun, the liver and kidneys 
change vitamin D into its active form so the body can use it. The vitamin is first hydrox-
ylated in the liver to form 25-hydroxyvitamin D (25(OH)D), the major circulating form 
and most common measure of vitamin D levels; and then, it is converted in the kidney 
to form 1, 25-dihydroxyvitamin D (1,25(OH)2D3), the biologically active form [52]. Stud-
ies show that the global estimate of pregnant women worldwide who don't get enough 
vitamin D is about  40% to 98%, and 15% to 84% are severely deficient [60]. Deficiency 
can be attributed to several factors, including low intake of vitamin D-packed foods, 
highly-pigmented skin, and lack of sunlight exposure due to sedentary indoor lifestyles 
[53]. While byMae supports the use of protective measures to prevent skin cancer, such 
as use of sunscreen and/or UV-ray blocking clothing, they can prevent vitamin D 
absorption -- making supplementation with Vitamin D3 all the more important. 

During pregnancy, babies get all their vitamin D from their birthing parent [51]. In fact, 
the active form of vitamin D, 1,25(OH)2D3, increases throughout pregnancy, reaching 
levels that would be toxic in non-pregnant people, according to Hollis et al. [54]. This 
process is unique to pregnancy and depends on the bioavailability of the 25(OH)D sub-
strate, but is independent of calcium metabolism [54]. Not getting enough vitamin D 
can lead to pre-eclampsia, gestational diabetes, premature birth, and low birth weight 
[55, 56, 57, 58].  Also studies show that getting enough vitamin D during pregnancy is 
crucial in optimizing mom and baby's bone health as well as supporting the baby’s 
growth and development [18].
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09  macronutrients vs. micronutrients (cont.)

Iodine: A Little Goes a Long Way (cont.)

Early on, the production of thyroid hormones doubles during pregnancy [65], and within 
a month, iodine passes through the placenta to initiate the growth of thyroid hormones 
for the baby. This process is critical for the baby's brain and nervous system to develop 
properly; it helps with nerve cell growth, making connections between those cells, and 
coating the nerves with a protective layer [66]. 

Even though the body only needs a little bit of iodine (around 150-290 µg/day) to stay 
healthy, not getting enough is the top cause of preventable brain and cognitive prob-
lems worldwide. It is estimated that 1.8 billion people worldwide are deficient in iodine, 
with Europe and Southeast Asia reaching the highest proportion, at 44% [64]. Iodine 
deficiencies for a baby can cause problems ranging from slightly mild  to severe intel-
lectual disabilities, the latter of which is irreversible. Studies suggest that iodine defi-
ciency can also lead to other issues like enlarged thyroid (goiters) in both mother and 
baby, pregnancy loss, and infant death. [64]. 

Despite little high-quality evidence supporting the use of iodine supplementation during 
pregnancy, the importance of maintaining adequate maternal iodine levels for fetal 
development is well established. Therefore, a daily iodine intake of 250 µg is recom-
mended for pregnant and lactating women [67].

Iron: The Mighty Mineral for Mom and Baby

Iron, the mighty mineral among the vital micronutrients, is essential for many processes 
in your body, like making hemoglobin and myoglobin, transporting oxygen, breathing, 
growing, regulating genes, and helping enzymes that need iron to work properly [68,69]. 
During pregnancy, the body’s iron needs explode to support expanding blood volume, 
baby's growing needs, and to compensate for blood loss during delivery [68] (See Fig. 
2). The average pregnant person needs around 30 milligrams (mg) of iron per day, 
which is about twice the amount needed before pregnancy. The CDC recommends start-
ing a low-dose iron supplement at the first appointment with your gynecologist and 
obstetrician,  and continuing to take at least 27 mg per day throughout your pregnancy.

However, iron deficiency remains the leading single nutrient deficiency worldwide, 
affecting a staggering 38.2% of pregnant women [18]. That can be the result of several 
factors, like not eating enough iron-rich foods, problems absorbing iron, losing iron due 
to infections, or bleeding [70]. Plant-based foods like leafy greens and beans have a 
decent amount of iron, but it's not as easy for our bodies to absorb as the iron found in 
animal products like meat and fish. This type of iron, called heme iron, is absorbed more 
efficiently, making it the main source of iron in the diets of meat eaters [68, 69]. If you 
eat a diet with adequate amounts of meat, seafood, and vitamin C, the body absorbs 
around 14% to 18% of the iron. Vitamin C is also key for absorbing iron from non-meat 
sources – about 5% to 12% of the iron you eat [71, 72].
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09  macronutrients vs. micronutrients (cont.)

Calcium: A Mineral Powerhouse

Calcium, a mineral powerhouse, is essential for strong bones and teeth - not just for 
mom, but also for a growing baby too! This mineral is also a key player in muscle func-
tion, nerve transmission, and heart health. And as if that wasn't enough, calcium can 
even help keep a pregnant person’s blood pressure in check, lowering the risk of compli-
cations like pre-eclampsia  [59]. 

Calcium needs increase during pregnancy, especially in the third trimester, in order to 
support the growing baby's bone development. During those final three months, a baby 
can receive between 250 and 350 milligrams of calcium from their mother each day [60, 
61]. The good news is: the body is naturally designed to absorb more calcium during 
pregnancy, thanks to a boost from hormones like vitamin D, estrogen, and prolactin 
[60]. And while a pregnant mom can get enough calcium from food alone (1.2 grams a 
day is recommended), some health experts suggest taking 0.3-2.0 grams of calcium 
supplements, especially if you don't get enough calcium from your diet (less than one 
gram a day) [61]. This extra calcium helps keep your bones strong, supports your baby's 
growth, and might even lower the risk of problems like pre-eclampsia.

A lack of calcium during pregnancy can lead to weaker bones, tingling or prickling 
sensations (paresthesia), muscle cramps, and even tetanus or tremors. It can also 
affect baby's growth, potentially causing slower growth, lower birth weight, and prob-
lems with bone development [62].

Recent studies show that people who don't get enough calcium are more likely to have 
high blood pressure or hypertension during pregnancy. The World Health Organization 
(WHO), which reviewed 21 trials with over 90,000 women from two Cochrane, reported 
in 2013 that taking calcium lowered the risk of pre-eclampsia by over 50%, no matter 
how much calcium the women were getting before or their risk of high blood pressure 
[61, 62]. These findings were most noticeable in women who weren't getting much calci-
um from their diet (less than 900 mg/day) and women who were already more likely to 
get pre-eclampsia [63]. Because of these findings, the WHO suggests that pregnant 
women who are at high risk for preeclampsia or who don't get enough calcium from 
food take 1.5–2.0 grams of calcium supplements daily [63].

Iodine: A Little Goes a Long Way

Iodine, a trace mineral that's anything but insignificant, is essential for producing thy-
roid hormones that regulate growth, development, and metabolism. Iodine can be 
found in many sources like seaweed, seafood, eggs, dairy, and plants grown in 
iodine-rich soil or areas where animal feed is fortified with iodine [64]. Pregnancy 
brings about many changes in the body, including making more thyroid hormones, 
which need iodine to work. The National Health and Medical Research Council (NHMRC) 
recommends that pregnant women get 220 micrograms of iodine per day [67].
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figure 1.4 Iron: The Mighty Mineral for Mom and Baby (cont.)

As mentioned above, the need for iron soars during pregnancy. (See Fig. 2) Studies 
show that pregnant people need more iron, anywhere from 0.8 to 7.5 mg/day, but 
exactly how much more in the third trimester is still being debated [73]. As the pregnan-
cy progresses to the final months,  more iron is needed [69], making it challenging to 
get enough iron intake just from a healthy diet, and thus highlights why pregnant 
people are more likely to develop iron-deficiency anemia [73].
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Figure 2: Hemoglobin concentrations of healthy women during pregnancy
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09  macronutrients vs. micronutrients (cont.)

Iodine: A Little Goes a Long Way (cont.)

Early on, the production of thyroid hormones doubles during pregnancy [65], and within 
a month, iodine passes through the placenta to initiate the growth of thyroid hormones 
for the baby. This process is critical for the baby's brain and nervous system to develop 
properly; it helps with nerve cell growth, making connections between those cells, and 
coating the nerves with a protective layer [66]. 

Even though the body only needs a little bit of iodine (around 150-290 µg/day) to stay 
healthy, not getting enough is the top cause of preventable brain and cognitive prob-
lems worldwide. It is estimated that 1.8 billion people worldwide are deficient in iodine, 
with Europe and Southeast Asia reaching the highest proportion, at 44% [64]. Iodine 
deficiencies for a baby can cause problems ranging from slightly mild  to severe intel-
lectual disabilities, the latter of which is irreversible. Studies suggest that iodine defi-
ciency can also lead to other issues like enlarged thyroid (goiters) in both mother and 
baby, pregnancy loss, and infant death. [64]. 

Despite little high-quality evidence supporting the use of iodine supplementation during 
pregnancy, the importance of maintaining adequate maternal iodine levels for fetal 
development is well established. Therefore, a daily iodine intake of 250 µg is recom-
mended for pregnant and lactating women [67].

Iron: The Mighty Mineral for Mom and Baby

Iron, the mighty mineral among the vital micronutrients, is essential for many processes 
in your body, like making hemoglobin and myoglobin, transporting oxygen, breathing, 
growing, regulating genes, and helping enzymes that need iron to work properly [68,69]. 
During pregnancy, the body’s iron needs explode to support expanding blood volume, 
baby's growing needs, and to compensate for blood loss during delivery [68] (See Fig. 
2). The average pregnant person needs around 30 milligrams (mg) of iron per day, 
which is about twice the amount needed before pregnancy. The CDC recommends start-
ing a low-dose iron supplement at the first appointment with your gynecologist and 
obstetrician,  and continuing to take at least 27 mg per day throughout your pregnancy.

However, iron deficiency remains the leading single nutrient deficiency worldwide, 
affecting a staggering 38.2% of pregnant women [18]. That can be the result of several 
factors, like not eating enough iron-rich foods, problems absorbing iron, losing iron due 
to infections, or bleeding [70]. Plant-based foods like leafy greens and beans have a 
decent amount of iron, but it's not as easy for our bodies to absorb as the iron found in 
animal products like meat and fish. This type of iron, called heme iron, is absorbed more 
efficiently, making it the main source of iron in the diets of meat eaters [68, 69]. If you 
eat a diet with adequate amounts of meat, seafood, and vitamin C, the body absorbs 
around 14% to 18% of the iron. Vitamin C is also key for absorbing iron from non-meat 
sources – about 5% to 12% of the iron you eat [71, 72].
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09  macronutrients vs. micronutrients (cont.)

figure 1.4 Iron: The Mighty Mineral for Mom and Baby (cont.)

As mentioned above, the need for iron soars during pregnancy. (See Fig. 2) Studies 
show that pregnant people need more iron, anywhere from 0.8 to 7.5 mg/day, but 
exactly how much more in the third trimester is still being debated [73]. As the pregnan-
cy progresses to the final months,  more iron is needed [69], making it challenging to 
get enough iron intake just from a healthy diet, and thus highlights why pregnant 
people are more likely to develop iron-deficiency anemia [73].
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