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Objectives:
At the completion of this activity, the
participant will be able to:
• Name at least four of the most common
vitamin/mineral deficiencies seen in
community pharmacies.
• List at least three common vitamin/minerals
that can directly affect blood formation and
describe their primary involvement in these
processes.
• Name two common vitamin/minerals that
affect bone metabolism and bone health.
• Identify two minerals abundant in the body
that have major impact involving nerve,
muscle and cardiovascular functions.
Supplements: Overview and Treatment
Options
Introduction
The human body requires many different
vitamins, hormones and trace minerals that are
crucial for both body development, function
and preventing disease. Some are produced
naturally while others are required from
exogenous sources such as diet.1 A nutritional
deficiency occurs when the body does not
absorb or obtain the dietary intake necessary
for a certain nutrient. Deficiencies can lead to a
variety of health problems. These can include
digestion problems, skin disorders, stunted or
defective bone growth, heart problems and
more. The amount of each nutrient one should
consume depends on his or her age. In the
United States, many foods bought in the

•
•
•

Vitamin D

Calcium
The most abundant cation in the body is
calcium accounting for 1% to 2% of adult
human body weight.3 Over 99% of total body
calcium is found in teeth and bones. The
remainder is present in blood, extracellular
fluid, muscle, and other tissues. Calcium is
important for several reasons. Calcium activates
a number of enzymes and is required for
acetylcholine synthesis.3 Calcium also increases
cell membrane permeability, aids in B-12
absorption, regulates muscle relaxation and
contraction, and plays a role in plasma clotting
factors. Extracellular calcium concentrations are
maintained through a series of feedback
mechanisms that involve parathyroid hormone
(PTH) and the active vitamin D metabolite.3,4
There are multiple causes for low calcium levels
including inadequate dietary intake, decreased
fractional calcium absorption, enhanced
calcium excretion, impaired PTH production
and impaired vitamin D production (refer to
Table 1).3-5

Table 1. Causes of Calcium Deficiencies3,4
Effect on Calcium

Hormone
Parathyroid hormone
(PTH)

grocery store (such as cereals, bread, and milk)
are fortified with nutrients that are necessary to
prevent nutritional deficiency.1,2 Sometimes
one’s body is unable to absorb certain
nutrients, even if consuming the proper
amount, thus requiring supplementation. Some
of the most common deficiencies seen in
community pharmacies are calcium, vitamin D,
potassium, iron, vitamin B-12, folate, and
magnesium.2

•
•
•

Net Effect

Promotes absorption of calcium in the intestines
Increases calcium reabsorption in the distal
tubules
Stimulates the release of vitamin D

Increases calcium levels

Increases intestinal absorption of calcium
Increased calcium reabsorption in the proximal
tubules
Activates osteoclasts to mobilize calcium from
the bones

Increases calcium levels

Patients with hypocalcemia may be
asymptomatic if the decrease in serum calcium
is relatively mild; however, patients with severe
hypocalcemia may present with life-threatening
symptoms.3 Moderate to severe hypocalcemia
is commonly associated with paresthesia or
tingling, usually of the fingers and toes.4,5
However, severe hypocalcemia can induce
seizures, bronchospasm, and prolongation of
the QT interval.4 Hypocalcemia is commonly
defined as serum calcium level lower than 8.2
mg/dL (2.05 mmol/L) or an ionized calcium level
lower than 4.4 mg/dL (1.1 mmol/L).5 The
primary source of calcium is in one’s diet, for
example milk and other dairy products, such as
hard cheese, cottage cheese, or yogurt. Some
cereals, green vegetables, soy products, and
fruit juices are also fortified with calcium.
Nevertheless, if dietary intake cannot be
increased to achieve adequate levels of calcium,
supplements can be used.
There are multiple forms of calcium
supplements (calcium carbonate, calcium
gluconate, calcium citrate, and calcium lactate),
the most common oral supplements are calcium

Age
9-18
19-70
>70

carbonate and calcium citrate.5,6 Calcium
carbonate is more commonly available and is
both inexpensive and convenient. Calcium
carbonate is absorbed best when taken with
food, due to its dependence on stomach acid
for absorption. There are many natural calcium
carbonate forms such as oyster shells and coral,
but these products should not be
recommended because of concerns for high
concentrations of lead and other heavy metals.
The primary issue with calcium carbonate is the
poor absorption predominantly with elderly
patients. Calcium citrate does not depend on
acid; therefore, does not need to be
administered with meals. Calcium citrate is the
preferred formulation in elderly patients due to
better absorption when compared to calcium
carbonate. The dose of the calcium supplement
should be based on age, refer to Table 2.7 For
example, post-menopausal women require
1,200 mg of calcium daily while adult men only
require 1,000 mg. Furthermore, calcium
products come in alternative dosage forms (eg,
chews, dissolvable tablet, and liquid), which can
be beneficial for select patients.

Table 2. Recommended and Upper Limits of Calcium7
Recommended Dietary Allowance (mg/day)
Upper Level Intake (mg/day)
1,300
1,000 (for males); 1,200 (for post-menopausal women)

Calcium’s most common adverse reaction,
constipation, can first be treated with increased
water intake, dietary fiber, and exercise. If
constipation persist, smaller and more frequent
administration or decreasing the total daily
dose can be attempted to relieve the
constipation.7 Calcium carbonate can create gas
and cause stomach upset, which might resolve
with calcium citrate, a product with fewer GI
side effects.4,5 The increased risk for kidney
stones is controversial, clinical trials have shown
no effect up to a 17% increase in kidney
stones.8-10 Increased fluid intake and decreased
salt intake can decrease the risk of developing
kidney stones. Calcium supplements can
interact with absorption of some drugs

3,000
2,500
2,000

including iron, tetracyclines, fluoroquinolones,
bisphosphonates, and thyroid supplements.5
Patients with acute symptomatic
hypocalcemia (calcium level lower than 7.0
mg/dL, ionized calcium level lower than 0.8
mmol/L) should be treated promptly with
intravenous (IV) calcium.3-4,7 Calcium gluconate
is preferred over calcium chloride because it
causes less tissue necrosis if extravasation
occurs. Serum calcium concentration should be
monitored weekly at first and then at three
month intervals after calcium concentrations
have stabilized. The serum calcium level should
be targeted to about 8.0 mg/dL. Calcium alone
does not prevent fractures, but when combined
with vitamin D, it decreases fractures by 11% to

15%, vertebral fractures by 16%, and hip
fractures by up to 30%.6,8-9
Vitamin D
Vitamin D, which has properties of both a
vitamin and a hormone, is necessary for the
proper formation of bones and for mineral
homeostasis.11-13 Some factors that can increase
the risk for vitamin D deficiency are obesity,
heredity disorders of vitamin D metabolism,
chronic renal failure, inadequate sunlight
exposure, dark skin pigmentation, and dietary
habits like following a vegan diet.11 Vitamin D’s
main function is in the regulation of calcium
absorption and homeostasis.11-12 Although
vitamin D is commonly known to help with
bone and mineral metabolism, it also been
found to be beneficial for health in general.

nmol/L

Without sufficient vitamin D, bones can become
thin and brittle. A level above 10 ng/mL is
necessary for preventing rickets or
osteomalacia. However, prospective trial data
indicate that a higher level, such as 20–30
ng/mL, is required to optimize intestinal calcium
absorption, maintenance of bone mass, reduce
falls and fractures, and prevent a wide variety
of diseases including diabetes mellitus,
hyperparathyroidism, autoimmune diseases,
and cancer.11-12 An expert panel for the
Institute of Medicine (IOM) has recently
recommended that a level of 20 ng/mL (50 nM)
was sufficient, although up to 50 ng/mL (125
nM) was considered safe.13 Table 3 provides
information on health status in relation to
vitamin D levels.14

Table 3: Vitamin D [25(OH)D] Concentrations and Health Status14
ng/mL
Health Status

<30

<12

30 to <50

12 to <20

≥ 50

≥ 20

> 125

> 50

Associated with vitamin D deficiency, leading to rickets
in infants and children and osteomalacia in adults
Generally considered inadequate for bone and overall health in healthy
individuals
Generally considered adequate for bone and overall health in healthy
individuals
Emerging evidence links potential adverse effects to such high levels,
particularly >150 nmol/L (>60 ng/mL)

*1 nmol/L = 0.4 ng/mL

The signs and symptoms of vitamin D
deficiency include abnormal calcium levels,
muscle weakness, increase number of falls, and
an increase in cardiovascular risk.12 For
individuals between the ages of 1 and 70 years,
400-800 international units (IU) daily vitamin D
is thought to be sufficient to meet
recommended dietary allowances, while up to
4000 IU daily is considered safe. These
recommendations are based primarily on data
from randomized placebo-controlled clinical
trials (RCT) that evaluated falls and fractures.1213
There are many types of vitamin D
preparations available for the treatment of
vitamin D deficiency or insufficiency. The two
commonly available forms of vitamin D
supplements are ergocalciferol (vitamin D2) and

cholecalciferol (vitamin D3).13,15-16 Vitamin D3 is
the most popular option when possible, rather
than vitamin D2, because vitamin D3 is the
active form of vitamin D and also raises vitamin
D levels more effectively.15-16 For patients with
vitamin D levels <10 ng/mL (25 nmol/L),
treatment usually includes 50,000 IU vitamin D2
or D3 by mouth once or more per week for six
to eight weeks, and then 800 to 1000 IU of
vitamin D3 daily thereafter. 13,15-16 For patients
with levels of 10 to 20 ng/mL (25 to 50 nmol/L),
treatment usually includes 800 to 1000 IU of
vitamin D3 by mouth daily. Once a normal level
is achieved, continued therapy with 800 IU of
vitamin D per day is usually recommended. 15
Furthermore, with levels of 20 to 30 ng/mL (50
to 75 nmol/L) treatment with 600 to 800 IU of

vitamin D3 by mouth daily may be sufficient to
maintain levels in the target range. Side effects
of vitamin D are uncommon unless levels
becomes very elevated. If levels do become
greater than 100 ng/mL or 250 mmol/L,
complications such as hypercalcemia or kidney
stones can develop.17-18 A blood test is
recommended to monitor blood levels of
vitamin D three months after beginning
treatment. The dose of vitamin D may need to
be adjusted based on these results and
subsequent blood levels of vitamin D every
three to six months should be obtained to
assure that normal levels result from the
adjusted dose. 16
Potassium
Potassium is the most abundant
intracellular ion in the body.19 The total body
stores roughly 3,000-4,000 mEq of potassium.
About 2% of that is pumped out by the sodiumpotassium-adenosine triphosphatase (Na+-KATPase) to the extracellular compartment,
which should be 3.5 to 5 mEq/L.19 An average of
90% of the daily intake of potassium is excreted
by the kidneys, thus playing a crucial role in the
regulation of serum potassium. Dietary intake,
renal excretion, acid-base balance, aldosterone,
and insulin all play a crucial role in the amount
of potassium in the body at any given time.
Changes in the exchange or distribution of intraor extracellular levels of this ion can lead to
hypokalemia or hyperkalemia.19-21 Table 4
provides the potassium serum levels that
correlate with the severity of hypo- or
hyperkalemia.
Table 4. Severity of Hypokalemia and
Hyperkalemia 21
Severity
Hypokalemia Hyperkalemia
Mild

3-3.5 mEq/L

5.5-6 mEq/L

Moderate

2.5-3 mEq/L

6.1-6.9 mEq/L

Severe

<2.5 mEq/L

>7 mEq/L

Hypokalemia describes a serum potassium
level less than 3.5 mEq/L. Hypokalemia occurs

in about 20% of hospitalized patients and is
associated with a 10-fold increase in hospital
mortality.19 Low potassium levels have been
shown to change cardiac rhythm (ventricular
and atrial arrhythmias), blood pressure, and
cardiovascular mortality depending on the
severity of hypokalemia. Hypokalemia can be
caused by a multitude of conditions including
decreased dietary intake, excessive potassium
loss from digestive tract (diarrhea, vomiting),
chronic kidney disease, magnesium deficiency,
and certain medications (eg, diuretics, beta
agonist, laxatives and insulin).21-22
Goals of treatment are to correct the low
potassium levels and/or treat the underlying
cause.21 Whenever possible, potassium
supplementation should be administered by the
oral route. Three salts are available for oral
potassium supplementation: chloride,
phosphate, and bicarbonate. Potassium
phosphate is generally reserved for patients
who are experiencing both low potassium and
phosphorous levels. 22 Potassium bicarbonate is
most commonly used when potassium
reduction occurs in the setting of metabolic
acidosis. Potassium chloride, however, is the
most common and effective salt form used for
the most common causes of potassium
depletion.21-22 The general rule for
supplementing potassium is for every 10 mEq
given, an increase of 0.1 mEq/L is seen.
Patient’s dosing will depend on the severity of
the hypokalemia. Patients with mild-moderate
hypokalemia should receive 40-100 mEq of
potassium once daily in divided doses.
Nevertheless, patients with severe hypokalemia
(<2.5 mEq/L) should receive 40 mEq of
potassium three to four times a day.20
Patients should be counseled to take
potassium supplements with meals to avoid the
gastrointestinal irritation, such as upset
stomach, indigestion, nausea, vomiting and gas,
that is associated with these supplements.17
Potassium levels, as well as, renal function
should be monitored every 1 to 2 months in
stable patients. Close monitoring of potassium
levels are required, due to the severity of hypoand hyperkalemia.17

Hyperkalemia is defined as a serum
potassium level greater than 5.5 mEq/L and
occurs in 10% of hospitalized patients.19 Most
cases of hyperkalemia is due to the
overcorrection of hypokalemia with IV
potassium supplements. Other causes include a
decrease in renal excretion, increased dietary
intake, intra-to extracellular shift, and certain
medications (angiotensin-converting enzyme
inhibitor (ACEI), angiotensin receptor blockers
(ARBs), direct renin inhibitors, non-steroidal
anti-inflammatory drugs (NSAIDs), potassium-

sparing diuretics, and aldosterone
antagonists).23 Hyperkalemia is a medical
emergency due to the effects it can have on the
heart such as sinus bradycardia, sinus arrest,
ventricular tachycardia, and ventricular
fibrillation.19 The treatment for this disorder is
potassium restriction or pharmacotherapy.
Refer to Table 5 for information on the
potential pharmacological treatments of
hyperkalemia.22 Monitoring is weekly if
outpatient and daily if inpatient.

Table 5: Treatment for Hyperkalemia22
Dose
Route

Medication
Calcium

1g

IV over 5-10 min

Furosemide

20-40 mg

IV

Dextrose
Regular Insulin

10%: 1,000mL (100g)
50%: 50 mL (25g)
5-10 units

10%: IV over 1-2 hours
50%: IV over 5 minutes
IV or SQ

Sodium bicarbonate

50-100 mEq

IV over 2-5 minutes

Albuterol

10-20 mg

Nebulized over 10 minutes

Iron
More than a quarter of the world's population is anemic, with about one-half of the burden from
iron deficiency.24 Iron is a mineral that is found in many foods and supplements.25 Iron is an essential
component of hemoglobin, an erythrocyte protein that transports oxygen. Dietary iron comes in two
forms: heme and non-heme. Heme iron has a higher bioavailability than non-heme iron.25 Ascorbic acid
helps the absorption of non-heme iron and can be found in certain supplements, as well as, diet. Meats,
seafood, and poultry have both forms, whereas, plants and other foods such as nuts, beans, and
vegetables contain non-heme only. Iron’s bioavailability is about 14-18% from diet alone.
Iron deficiency occurs in over one-third of the world’s population and is the most common form of
malnutrition.24-26 Certain persons who are at an increased risk for iron deficiency are children 0-5 years
of age, women in childbearing age, and pregnant women.26 Certain conditions can also increase a
person’s risk of developing iron deficiency such as chronic kidney disease, irritable bowel syndrome,
heart failure, and cancer (see Table 6).27
Causes of Iron Deficiency
Increased demand for iron
Increased iron loss

Decreased iron absorption

Conditions that Cause Deficiency
•
•
•
•
•
•
•
•
•

Rapid growth during adolescence
• Pregnancy
Erythropoietin therapy
Chronic blood loss
• Acute blood loss
Menses
• Blood donation
Phlebotomy as treatment for polycythemia vera
Inadequate diet
Malabsorption from disease (sprue, Crohn’s disease)
Malabsorption from surgery (gastrectomy and some forms of bariatric surgery)
Acute or chronic inflammation

most pertinent lab values.29 One can calculate
the t-sat from the TIBC and serum iron (serum
iron/TIBC).29 Refer to Table 7 to correlate the
progression of each stage of iron deficiency to
the laboratory values being monitored for
iron.28

Iron deficiency progression can be divided
into 3 stages: negative ion balance, irondeficient erythropoiesis, and iron-deficient
anemia.28 When looking at labs for a patient,
the total iron binding capacity (TIBC), serum
iron, and transferrin saturation (t-sat) are the
Parameter

Table 7. Iron Lab Values with Iron Deficiency Stage Progression28
Normal
Negative Ion
Iron-Deficient
Iron-Deficiency
Balance
Erythropoiesis
Anemia

Serum ferritin
Total iron binding
capacity (TIBC)
Serum iron
Transferrin
saturation
RBC protoporphyrin
Soluble transferring
receptor
RBC morphology

50-200
300-360

<20
>360

<15
>380

<15
>400

50-150
30-50

Normal
Normal

<50
<20

<30
<20

30-50
4-9

Normal
>9

>50
>9

>50
>9

Normal

Normal

Normal

Microcytic
Hypochromic

A number of patients with iron deficiency
anemia will remain asymptomatic while others
will have symptoms including weakness,
paleness, headache, decreased exercise
tolerance, fatigue, irritability, and depression.25
More severe symptoms of iron deficiency
include neurodevelopmental delay (especially in
children), pica, pagophagia (ice craving),
alopecia, restless legs syndrome, cardiac
murmur, tachycardia, and atrophic glossitis.25
Treatment of iron deficiency and iron deficiency
anemia involves more than merely replacing
iron. In all patients, the cause of iron deficiency
must be identified and addressed. The choice
between oral and intravenous iron depends on
a number of factors including the severity of the
anemia, costs and availability of different iron

Formulation

replacement products. Most patients are
treated with oral iron because it is generally
effective, readily available, inexpensive, and
safe.26-27
Multiple variations of iron are on the
market, ranging from simple iron salts (ferrous
and ferric) to complex compounds designed as
a sustained release product to help with
intolerable side effects.12,17-18,27 Between ferrous
and ferric salts, ferrous has a higher solubility;
therefore, ferrous salts are more available than
ferric formulations.26 Iron products should be
taken on an empty stomach to increase
absorption.26 Table 8 provides information on
the most commonly used oral iron
supplements.24

Table 8. Oral Iron Supplements24
Brand Name
Characteristics
Examples

Ferrous fumarate

Ferro-Sequels

Ferrous gluconate

Fergon

•
•
•
•
•
•

Similar to ferrous sulfate
324 or 325 mg tablet
Similar to ferrous sulfate
240 mg tablet
324 mg tablet
325 mg tablet

Elemental Iron
106 mg/ tablet
27 mg, 38 mg, and 39 mg/
tablet (respectively)

Formulation

Brand Name
Examples

•

Characteristics

Elemental Iron

Ferrous sulfate

Feosol, FeroSul

•

Gold standard for supplementation,
proven effective, extensive history
of use
Enteric coated
Available in delayed release and
enteric coated
325 mg tablet
195 mg tablet
220 mg/5 mL oral elixir
75 mg/mL oral solution
Similar to ferrous sulfate
150 mg tablet
50 mg tablet
Most commonly used ferric salt
Less bioavailable than ferrous salts
210 mg tablets

65 mg/tablet, 39
mg/tablet, 44 mg/ 5 mL,
15 mg/ 1 mL (respectively)

•
•

Polysaccharide Iron

NovaFerrum,
Niferex

Ferric Citrate

Iron Citrate

•
•
•
•
•
•
•
•
•
•

The dose of oral iron depends on patient
age, severity of iron deficiency, and side
effects.12,25,28 The recommended daily dose for
the treatment of iron deficiency in most adults
is 150 to 200 mg of elemental iron daily.26 The
most common side effects are abdominal pain,
nausea, and constipation, but small doses of
iron or choosing a sustained release formation
may improve these symptoms.25,29 Older
individuals may have a higher chance of side
effects from oral iron and may be treated with a
lower dose. In a randomized study including 90
hospitalized patients greater than 80 years of
age who had iron deficiency, daily doses of 15,
50, or 150 mg of elemental iron for two months
were shown equally effective in raising
hemoglobin and ferritin concentrations, while
adverse side effects were significantly less
common at the lower iron doses.30 To reduce
the prevalence of side effects one can reduce
the dose, increase the dose interval time, or
take the supplement with food. It is also
important to note that iron has many drug
interactions. Iron should be taken two hours
after or six hours before antacids,
fluoroquinolones, tetracyclines, and thyroid
products to avoid decreasing these
medications’ efficacy.17-18,25
Regardless of the presence of symptoms, all
patients with iron deficiency anemia and most

150 mg/tablet and 50
mg/tablet (respectively
38 mg/tablet

patients with iron deficiency without anemia
should be treated. Monitoring of patients
receiving iron replacement depends on the
severity of anemia. Patients receiving oral iron
should be re-evaluated two weeks after starting
therapy.17
Vitamin B-12
Vitamin B-12 (cobalamin) is a water-soluble
vitamin that is vital to normal neurologic
function, red blood cell production, and DNA
synthesis.31 Vitamin B-12 contains the mineral
cobalt that is present in several forms that are
active in human metabolism. It is synthesized by
microorganisms and found in the liver. It is
hydrolyzed by the gastric cells in the stomach,
binds to an intrinsic factor so it can be absorbed
by the intestines. If a person is taking a
supplement, the vitamin B-12 is “free” and
therefore, does not go through hydroxylation. It
goes directly into the stomach, binds the
intrinsic factor, and immediately into intestines
for absorption.32 This vitamin is mostly found in
animal products such as fish, meat, eggs, and
milk. Vitamin B-12 deficiency is a common
cause of megaloblastic anemia, a variety of
neuropsychiatric symptoms, and elevated
serum homocysteine levels, especially in elderly
patients.33 There are a number of risk factors for
vitamin B-12 deficiency including age (older

adults), pernicious anemia, gastrointestinal
disorders, surgery, vegetarians, and pregnant
and lactating women.33 Prolonged use of
metformin, proton pump inhibitors, and
histamine blockers can also lead to vitamin B-12
deficiency (see Table 9).34
Table 9. Risk Factors for Vitamin B-12
Deficiency34
Decreased intake

Alcoholics
Elderly
Vegetarians

Medications

Histamine H2 blockers
Proton pump inhibitors
Metformin

Decreased intrinsic
factor

Atrophic gastritis
Pernicious anemia

Conditions

Crohn’s disease
Ileal resection
Tapeworm infestation
Post GI surgery

Normal B-12 serum levels range from 200900 pg/mL.32 B-12 deficiency is defined as a
measurement below 200 pg/mL. Measurements
of serum vitamin B-12 may not reliably detect
deficiency, and measurement of serum
homocysteine and/or methylmalonic acid
should be used to confirm deficiency in
asymptomatic high-risk patients with low
normal levels of vitamin B-12.32 Symptoms
include fatigue, weakness, constipation, loss of
appetite, weight loss, numbness in the hands,
and even neurological changes (see Table 10 for
a comprehensive list).34
Table 10. Clinical Manifestations of
Vitamin B-12 Deficiency34
Hyperpigmentation
Glossitis
Jaundice
Anemia (macrocytic, megaloblastic)
Thrombocytopenia
Cognitive impairment
Gait abnormalities
Irritability
Peripheral neuropathy
Weakness

Typically, the deficiency is treated with B-12
injections to bypass anything that may decrease
the GI absorption; however, high doses of oral
therapy is also effective.33 Oral administration
of high-dose vitamin B-12 (1 to 2 mg daily) is as
effective as intramuscular administration in
correcting the deficiency, regardless of etiology;
however, oral absorption depends on sufficient
intrinsic factor being present.33 Because
crystalline formulations are better absorbed
than naturally occurring vitamin B-12, patients
older than 50 years and strict vegetarians
should consume foods fortified with vitamin B12 and vitamin B-12 supplements, rather than
attempting to get vitamin B-12 strictly from
dietary sources.35 Vitamin B-12 formulations
include tablets, lozenges, sublingual tablets and
drops all available over-the-counter.33 The
intramuscular injection requires a prescription.
Adverse effects of B-12 supplementation are
arthralgia, dizziness, headache, and
nasopharyngitis.36 Monitor levels one month
after treatment and then 3-6 months
thereafter.17
Folate
Folic acid deficiency is one of the most
common vitamin deficiencies occurring in the
United States, largely because of its association
with excessive alcohol intake and
pregnancy.31,37 Folate is a B-9 vitamin naturally
present in many foods that plays a crucial role
in the body. 31 Folate is known synthetically as
folic acid, which is used to supplement many
dietary compounds and foods.37 The form of
folate that can enter the main folate metabolic
cycle is tetrahydrofolate (THF). Unlike natural
folates, which are metabolized to THF, folic acid
undergoes initial reduction and methylation in
the liver, where conversion to the THF form
requires di-hydrofolate reductase.37-38 Folate is
essential in our body’s ability to make DNA and
other genetic material. Folate also has an
important role in cell division, which makes it
especially important in infancy and pregnancy
that the recommended daily dose is consumed,

which is different depending on a person’s
age.31
Folate is necessary for the production of
DNA and RNA.37 The most common laboratoryidentified feature of folic acid deficiency is
megaloblastic anemia.37-39 Megaloblastic
anemia specifically is a disorder where red
blood cells are larger than normal and not fully
developed.31 It causes weakness, fatigue,
trouble concentrating, irritability,
headache, heart palpitations, and shortness of
breath. Folate deficiency can also cause open
sores on the tongue and inside the mouth as
well as changes in the color of the skin, hair,
and fingernails.31 In addition, pregnant women
who do not get enough folate are at risk of
having babies with neural tube defects, such
as spina bifida. Folate deficiency can also
increase the likelihood of having a premature or
low-birth-weight baby.37
Folate deficiency can occur for multiple
reasons, one of which is not enough folate in
your diet. Folic acid is a water-soluble vitamin;
thus, not stored in the fat tissues of the body.
Excess amounts of the vitamin leave the body
through the urine. Because folate is not stored
in the body in large amounts, blood levels will
become low after only a few weeks of eating a
diet low in folate.40-41 A folate deficiency may
also occur if you have a disease or genetic
mutation that prevents absorbing or converting
folate to its usable form. Certain groups of
people are more susceptible to acquiring a
folate deficiency. These groups include teen
girls ages 14-30, especially before and during
pregnancy, non-Hispanic black women, people
with alcoholism, and people who may have
difficulty in regards to nutrient absorption, such
as those with celiac disease and inflammatory
bowel disease. Medications can also cause
folate deficiency including phenytoin (Dilantin),
trimethoprim-sulfamethoxazole, methotrexate,
and sulfasalazine.31,37 The results of folic acid
measurements vary depending on the assay
method used. Decreased serum folic acid levels
(less than 4 ng/mL [less than 9 nmol/L]) indicate
a folate deficiency megaloblastic anemia that

may coexist with a vitamin B-12 deficiency
anemia.37,40
Once diagnosed with a folate deficiency,
patients should attempt to add through dietary
means, however if this is not effective,
supplements should be utilized. Most people in
the United States get the recommended 400
mcg of folate in their diet through foods,
conversely this number is lower for pediatric
patients.37,40-42 Folate is naturally present in
foods such as certain vegetables, fruits and fruit
juices (oranges and orange juice), nuts, beans,
and peas (such as peanuts, black-eyed peas, and
kidney beans), and grains (whole grains,
fortified cold cereals, enriched flour products
such as bread/pasta/rice). A small amount of
folate is available in certain animal foods such
as poultry, seafood, eggs, and dairy. In most
cases, 1 mg daily is sufficient to replace folate
loss, except in cases of deficiency due to
malabsorption, in which case doses of 1 to 5 mg
daily may be necessary.37 Another case where a
higher amount of folic acid is required is if a
woman previously gave birth to a child with
neural tube defects or has a family history of
neural tube defects. Women meeting the
previous criteria should consume 4 mg of folic
acid daily.37,45-47
Table 11. Daily Recommended Amount of
Folate42
Life Stage
Recommended
Amount*
Birth to 6 months
7–12 months
1–3 years
4–8 years
9–13 years
> 14 years
Pregnant teens & women
Breastfeeding teens & women

65 mcg DFE
80 mcg DFE
150 mcg DFE
200 mcg DFE
300 mcg DFE
400 mcg DFE
600 mcg DFE
500 mcg DFE

*The amount of folate a person needs depends on their
age, and is measured in micrograms (mcg) of dietary folate
equivalents (DFEs).
1 mcg DFE = 1 mcg food folate
1 mcg DFE = 0.6 mcg folic acid from fortified foods or
dietary supplements consumed with foods
1 mcg DFE = 0.5 mcg folic acid from dietary
supplements taken on an empty stomach

Folate may cause bitter taste, bloating,
changes in urine color, confusion, cramps,
diarrhea, dizziness, fatigue, gas, increased
cancer risk, increased seizure frequency,
inflammation (such as in the mouth), lung
muscle spasms, mood swings (excitability or
irritability), vivid dreaming, and weight
changes.17-18,37 The upper limits for folic acid are
listed below in Table 12.42 Nevertheless, folic
acid toxicity is rare due to folate being water
soluble and having rapid excretion.37,43-44
Table 12. Upper Limits per Day of Folate42
Ages

Upper Limit

Birth to 6 months
Infants 7–12 months
Children 1–3 years
Children 4–8 years
Children 9–13 years
Teens 14–18 years

Not established
Not established
300 mcg
400 mcg
600 mcg
800 mcg

Adults

1,000 mcg

Maintenance therapy can typically be
stopped after 1-4 months if the patient has at
least one fresh fruit or vegetable daily. For
patients with chronic malabsorption diseases,
folic acid supplementation may be needed
lifelong.42
Magnesium
Magnesium is the fourth most abundant
essential mineral in the body.48 Magnesium is
distributed approximately one half in the bone,
one half in the muscle and other soft tissues,
and less than 1% is in the blood. Magnesium is a
cofactor in more than 300 enzyme systems that
regulate a variety of biochemical reactions in
the body, including protein synthesis, muscle
and nerve function, blood glucose control, and
blood pressure regulation.49-50 Magnesium is
required for energy production, oxidative
phosphorylation, and glycolysis. It contributes
to the structural development of bone and is
required for the synthesis of DNA and RNA.
Magnesium also plays a role in the active

transport of calcium and potassium ions, which
has a vital role in nerve impulse conduction,
muscle contraction, and normal heart rhythm.4950
Conditions that may increase the risk of
magnesium deficiency include: poorlycontrolled diabetes mellitus, chronic
malabsorption problems such as Crohn’s
disease, medication use (diuretics, antibiotics),
chronic alcoholism, and older age due to
decreased absorption of magnesium and
increased renal exertion.50-51
Early signs of magnesium deficiency include
loss of appetite, nausea, vomiting, fatigue, and
weakness.51-52 As magnesium deficiency
worsens, numbness, tingling, muscle
contractions and cramps, seizures, personality
changes, abnormal heart rhythms, and coronary
spasms can occur.49,51 Severe magnesium
deficiency can result in hypocalcemia or
hypokalemia because the mineral homeostasis
is disrupted.52 A deficiency in magnesium can lead
to inflammation which is associated with multiple
major health conditions such as heart
disease, diabetes, and certain cancers. There are
many challenges in diagnosing magnesium
deficiency due to its distribution in the body.
Magnesium is an intracellular cation and its
blood concentrations may not accurately reflect
magnesium status.49,51 Hypomagnesemia is
defined as having magnesium levels that are
less than 1.8 mg/dL.49,52 Symptoms of
magnesium deficiency do not usually manifest
until magnesium levels have dropped to less
than 1.2 mg/dL. Magnesium homeostasis is
largely controlled by the kidney, which typically
excretes about 120 mg magnesium into the
urine each day.53 Urinary excretion is reduced
when magnesium status is low. Once low
magnesium is confirmed it is important to begin
treatment immediately. Low magnesium levels
can ultimately cause low calcium levels,
increasing the patient’s risk to have negative
effects accompanying the deficiencies.
There are several options to treat low
magnesium. The first option is increase
magnesium intake through the diet. Green leafy
vegetables, such as spinach, legumes, nuts,
seeds, and whole grains, are good sources for

magnesium.52 However, for those not able to
reach normal magnesium levels, supplements
are available in a variety of forms, including
magnesium oxide, aspartate, sulfate, citrate,
and chloride.54-57 Magnesium has been used for
numerous conditions such as preeclampsia,
arrhythmias, asthma, headache, dyspepsia, and
constipation.52 Small studies have found that
magnesium in the aspartate, citrate, lactate,
and chloride forms is absorbed more

Age
9-13
14-18
19-30
> 30

completely and is more bioavailable than
magnesium oxide and magnesium sulfate.54-57
One study found that very high doses of zinc
from supplements (142 mg/day) can interfere
with magnesium absorption and disrupt the
magnesium balance in the body.56 In Table 13
one can find the recommended dietary and
supplemental amount of magnesium that
should be taken daily for magnesium
deficiency.49,51-52

Table 13. Recommended Dietary and Supplemental Amounts of Magnesium49,51-52
Recommended Dietary Allowances
Tolerable Upper Intake Limits for
Supplements
Male
Female
Male
Female
240 mg
240 mg
350 mg
350 mg
410 mg
360 mg
400 mg
310 mg
420 mg
320 mg

Several preparations are available for
supplementation. Some of the more commonly
used supplements include Mag-Ox 400
(magnesium oxide), Slow-Mag (magnesium
chloride), and Mag-Tab (magnesium lactate).1718,52
These preparations provide 60-84 mg of
magnesium per tablet. The amount of tablets
needed depends on the severity of the
deficiency, for example patients with severe
hypomagnesemia will need closer to the upper
limits than one with moderate
hypomagnesemia.49,51-52 Too much magnesium
from food does not pose a health risk in healthy
individuals because the kidneys eliminate
excess amounts in the urine.2 However, high
doses of magnesium from dietary supplements
or medications often result in diarrhea, nausea
and abdominal cramping.17-18,52 Symptoms of
magnesium toxicity, usually develop after
serum concentrations exceed 1.74–2.61
mmol/L, can include hypotension, nausea,

vomiting, facial flushing, retention of urine, and
lethargy before progressing to muscle
weakness, difficulty breathing, extreme
hypotension, irregular heartbeat, and cardiac
arrest.49,51-52 The risk of magnesium toxicity
increases with impaired renal function or kidney
failure because the ability to remove excess
magnesium is reduced or lost.49
In summary, the majority of patients with
vitamin deficiencies can be treated with eating
a balanced diet, foods fortified with minerals
and nutrients and/or taking supplements. Each
one of the vitamins, hormones and trace
minerals included here are crucial for both body
development and preventing disease.
Whenever checking serum levels of these
vitamins, hormones and trace minerals it is
important to also check for underlying diseases
or medications that can be causing the
deficiency.

Resources:
1.

Russell RM, Suter PM. Vitamin and Trace Mineral Deficiency and Excess. In: Kasper D, Fauci A, Hauser S,
Longo D, Jameson J, Loscalzo J. eds. Harrison's Principles of Internal Medicine, 19th ed [AU Intranet: Access
Pharmacy] New York, NY: McGraw-Hill; 2014. [cited 2017 Aug 17] Chapter 96e. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1130&sectionid=63653455

2.

3.

4.

5.

6.

7.

8.
9.
10.
11.

12.

13.

14.

15.
16.
17.

18.

19.

NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017. Dietary
supplements: background information; 2011 June 24 [cited 2017 Aug 21]; [about 2 screens]. Available
from: https://ods.od.nih.gov/factsheets/DietarySupplements-HealthProfessional/
Khosla S. Hypercalcemia and Hypocalcemia. In: Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo
J. eds. Harrison's Principles of Internal Medicine, 19th ed [AU Intranet: Access Pharmacy] New York, NY:
McGraw-Hill; 2014. [cited 2017 Aug 20] Chapter 65. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1130&sectionid=79726855
O’Connell M, Borchert JS. Osteoporosis and Osteomalacia. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR,
Wells BG, Posey L. eds. Pharmacotherapy: A Pathophysiologic Approach, 10th ed. [AU Intranet: Access
Pharmacy] New York, NY: McGraw-Hill; 2017. [cited 2017 Aug 15] Chapter 92. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1861&sectionid=146068952
Muldrew KM, Neill KK, Warmack T. Electrolyte Disorders. In: Sutton S. eds. McGraw-Hill's NAPLEX® Review
Guide, 2nd ed [AU Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2015. [cited 2017 Aug 17].
Chapter 36. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1432&sectionid=86379272
Weaver CM, Alexander DD, Boushey CJ, et al. Calcium plus vitamin D supplementation and risk of
fractures: an updated meta-analysis from the National Osteoporosis Foundation. Osteoporos Int.
2016;27:367–376.
NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017.
Calcium: fact sheet for health professionals; 2016 Nov 17 [cited 2017 Aug 22]; [about 11 screens].
Available from: https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
Bolland MJ, Leung W, Tai V, et al. Calcium intake and risk of fracture: systematic review. BMJ.
2015;351:h4580.
Reid IR. Short-term and long-term effects of osteoporosis therapies. Nat Rev Endocrinol. 2015;11:418–
428.
Wilczynski C, Camacho P. Calcium use in the management of osteoporosis: continuing questions and
controversies. Curr Osteoporos Rep. 2014;12:396–402.
Bikle DD. Agents that affect bone mineral homeostasis. In: Katzung BG, Trevor AJ. eds. Basic & Clinical
Pharmacology, 13th ed. [AU Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2015. [cited 2017 Aug
22]. Chapter 42.
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1193&sectionid=69110710
Bender DA. Micronutrients: Vitamins & Minerals. In: Rodwell VW, Bender DA, Botham KM, Kennelly PJ,
Weil P. eds. Harper's Illustrated Biochemistry, 30th ed [AU Intranet: Access Pharmacy] New York, NY:
McGraw-Hill, 2015. [cited 2017 Aug 24]. Chapter 44.
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1366&sectionid=73246174
Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes for Calcium and Vitamin D.
Washington, DC: National Academy Press, 2011. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK56070/
NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017. Vitamin
D: fact sheet for health professionals; 2016 Feb 11 [cited 2017 Aug 22]; [about 8 screens]. Available from:
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/
Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266-281.
Dawson-Hughes B, Heaney RP, Holick MF, et al. Estimates of optimal vitamin D status. Osteoporos Int.
2005 Jul;16(7):713-6.
Cholecalciferol, ergocalciferol, calcium, magnesium, folate, potassium, iron, B12. In: Lexi-drugs Online
[AUHSOP Intranet]. Hudson (OH): Lexicomp, Inc.; 2016 [updated 2017; cited 2017 Aug 12]. Available from:
http://online.lexi.com
Cholecalciferol, ergocalciferol, calcium, magnesium, folate, potassium, iron, B12. In: Clinical Pharmacology
Online [AUHSOP Intranet]. Tampa, FL: Elsevier/Gold Standard; 2017 [updated 2017, cited 2017 Aug 12].
Available from: http://www.clinicalpharmacology-ip.com
Mount, DB. Fluid and electrolyte disturbances. In: Kasper D, Fauci A, Hauser S, Longo D, Jameson JL,
Loscalzo J, editors. Harrison's Principles of Internal Medicine. 19th ed. [AU Intranet: Access Pharmacy]
New York: McGraw-Hill Medical; 2014 [cited 2017 August 21]. Chapter 63. Available from:

20.
21.
22.

23.
24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.

http://accesspharmacy.mhmedical.com/content.aspx?sectionid=79726591&bookid=1130&jumpsectionID
=98706161&Resultclick=2#1124432469
Lau A, Chan LN. Electrolytes, other minerals, and trace elements. In: Lee M, ed. Basic Skills in Interpreting
Laboratory Data. 4th ed. Bethesda, MD: American Society of Health-System Pharmacists; 2009;119.
Gennari FJ. Hypokalemia. N Eng J Med. 1998;339:451-458.
Brophy DF. Disorders of potassium and magnesium homeostasis. In: DiPiro JT, Talbert RL, Yee GC, Matzke
GR, Wells BG, Posey LM, editors. Pharmacotherapy: A pathophysiologic approach. 9th ed. [AU Intranet:
Access Pharmacy] New York: McGraw-Hill Medical; 2014 [cited 2017 Aug 21]. Chapter 36. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=45310485&bookid=689&jumpsectionID=
45313522&Resultclick=2#57484629
Salem C, Badreddine A, Fathallah N, Slim R, Hmouda H. Drug-induced hyperkalemia. Drug Saf. 2014
Sep;37(9):677-92.
Adamson JW. Iron deficiency and other hypoproliferative anemias. In: Kasper D, Fauci A, Hauser S, Longo
D, Jameson JL, Loscalzo J, editors. Harrison's Principles of Internal Medicine. 19th ed. [AU Intranet: Access
Pharmacy] New York: McGraw-Hill Medical; 2014 [cited 2017 August 21]. Chapter 126. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=79731112&bookid=1130&Resultclick=2#
1120793568
NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017. Iron:
dietary supplement fact sheet; 2016 Feb 11 [cited 2017 Aug 22]; [about 8 screens]. Available from:
https://ods.od.nih.gov/factsheets/Iron-HealthProfessional/
Hecht KA, Sutton S, Norris LB. Anemia. In: Sutton S. eds. McGraw-Hill's NAPLEX® Review Guide, 2nd ed. [AU
Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2015 [cited 2017 Aug 21]. Chapter 10. Available
from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=86377959&bookid=1432&jumpsectionID
=86377973&Resultclick=2#1110427737
Lopez A, Cacoub P, Macdougall I, Peyrin-Biroulet L. Iron deficiency anemia. Lancet. 2016 Aug;387:907–16.
Kennelly PJ, Murray RK, Jacob M, Varghese J. Plasma proteins & immunoglobulins. In: Rodwell VW,
Bender DA, Botham KM, Kennelly PJ, Weil P, eds. Harper's Illustrated Biochemistry, 30th ed [AU Intranet:
Access Pharmacy] New York, NY: McGraw-Hill; 2015 [cited 2017 Aug 21]. Chapter 52. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=73247095&bookid=1366&jumpsectionID
=73247176&Resultclick=2
Kaushansky K, Kipps TJ. Hematopoietic Agents: Growth factors, minerals, and vitamins. In: Brunton LL,
Chabner BA, Knollmann BC. eds. Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 12th ed
[AU Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2011 [cited 2017 Aug 21]. Chapter 37.
Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=102161502&bookid=1613&jumpsectionI
D=102161543&Resultclick=2
Rimon E, Kagansky N, Kagansky M, et al. Are we giving too much iron? Low-dose iron therapy is effective
in octogenarians. Am J Med. 2005 Oct;118(10):1142-7.
NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017. Vitamin
B12: dietary supplement fact sheet; 2016 Feb 11 [cited 2017 Aug 21]; [about 5 screens]. Available from:
https://ods.od.nih.gov/factsheets/VitaminB12-HealthProfessional/
Hoffbrand A. Megaloblastic anemias. In: Kasper D, Fauci A, Hauser S, Longo D, Jameson JL, Loscalzo J,
editors. Harrison's Principles of Internal Medicine. 19th ed. [AU Intranet: Access Pharmacy] New York:
McGraw-Hill Medical; 2014 [cited 2017 August 21]. Chapter 128. Available from:
http://accesspharmacy.mhmedical.com/Content.aspx?bookId=1130&sectionId=79731307#1125225360
Cook K, Lyons WL. Anemias. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors.
Pharmacotherapy: A pathophysiologic approach. 9th ed. [AU Intranet: Access Pharmacy] New York:
McGraw-Hill Medical; 2014 [cited 2017 Aug 21]. Chapter 80. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=48811486&bookid=689&jumpsectionID=
48826186&Resultclick=2#57509962
Langan R, Zawistoski K. Update on vitamin b12 deficiency. Am Fam Physician. 2011 Jun;83(12):1425-1430.

35. Vitamins and minerals. In: King MW. eds. Integrative Medical Biochemistry Examination and Board Review
[AU Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2014 [cited 2017 Aug 12]. Chapter 8.
Available from:
http://accesspharmacy.mhmedical.com/content.aspx?sectionid=111398320&bookid=1696&jumpsectionI
D=111398358&Resultclick=2#1122103104
36. Garrick MD, Garrick LM. Cellular iron transport. Biochim Biophys Acta. 2009 May;1790(5):309-25.
37. Cook K. Anemias. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey L. eds. Pharmacotherapy: A
Pathophysiologic Approach, 10th ed [AU Intranet: Access Pharmacy] New York, NY: McGraw-Hill; 2017.
[cited 2017 Aug 25] Chapter 100. Available from:
http://accesspharmacy.mhmedical.com/content.aspx?bookid=1861&sectionid=146070326
38. Hubner RA, Houlston RS. Folate and colorectal cancer prevention. Br J Cancer. 2009 Jan 27;100(2):233-9.
39. Devalia V, Hamilton MS, Molloy AM, British Committee for Standards in Haematology. Guidelines for the
diagnosis and treatment of cobalamin and folate disorders. Br J Haematol. 2014 Aug;166(4):496-513.
40. Kelly GS. Folates: supplemental forms and therapeutic applications. Altern Med Rev. 1998 Jun;3(3):20820.
41. Bailey RL, Dodd KW, Gahche JJ, Dwyer JT, McDowell MA, Yetley EA. Total folate and folic acid intake from
foods and dietary supplements in the United States: 2003-2006. Am J Clin Nutr. 2010 Jan;91(1):231-7.
42. NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017. Folate:
dietary supplement fact sheet; 2016 Apr 20 [cited 2017 Aug 21]; [about 5 screens]. Available from:
https://ods.od.nih.gov/factsheets/Folate-HealthProfessional/
43. Bueno O, Molloy AM, Fernandez-Ballart JD, García-Minguillán CJ, Ceruelo S, et al. Common
polymorphisms that affect folate transport or metabolism modify the effect of the MTHFR 677c > T
polymorphism on folate status. J Nutr. 2016 Jan;146(1):1-8.
44. Joelson DW, Fiebig EW, Wu AH. Diminished need for folate measurements among indigent populations in
the post folic acid supplementation era. Arch Pathol Lab Med. 2007 Mar;131(3):477-80.
45. Reynolds EH. The neurology of folic acid deficiency. Handb Clin Neurol. 2014;120:927-43.
46. Yerby MS. Clinical care of pregnant women with epilepsy: Neural tube defects and folic acid
supplementation. Epilepsia. 2003;44(Suppl 3):33–40.
47. Cheschier N. ACOG practice bulletin. Neural tube defects. Number 44, July 2003. Int J Gynaecol Obstet.
2003 Oct;83(1):123-33.
48. Ranade VV, Somberg JC. Bioavailability and pharmacokinetics of magnesium after administration of
magnesium salts to humans. Am J Ther. 2001;8:345-57.
49. Guerrera MP, Volpe SL, Mao JJ. Therapeutic uses of magnesium. Am Fam Physician. 2009;80:157-62.
50. Rude RK. Magnesium. In: Ross AC, Caballero B, Cousins RJ, Tucker KL, Ziegler TR, eds. Modern Nutrition in
Health and Disease. 11th ed. Baltimore, Mass: Lippincott Williams & Wilkins. 2012:159-75.
51. Institute of Medicine (IOM). Food and Nutrition Board. Dietary Reference Intakes: Calcium, Phosphorus,
Magnesium, Vitamin D and Fluoride. Washington, DC: National Academy Press, 1997.
52. NIH: office of dietary supplements [Internet]. Rockville: National Institutes of Health; c1887-2017.
Magnesium: fact sheet for health professionals; 2016 Feb 11 [cited 2017 Aug 21]; [about 6 screens].
Available from: https://ods.od.nih.gov/factsheets/Magnesium-HealthProfessional/
53. Rude RK. Magnesium. In: Coates PM, Betz JM, Blackman MR, Cragg GM, Levine M, Moss J, White JD, eds.
Encyclopedia of Dietary Supplements. 2nd ed. New York, NY: Informa Healthcare; 2010:527-37.
54. Firoz M, Graber M. Bioavailability of US commercial magnesium preparations. Magnes Res. 2001;14:25762.
55. Mühlbauer B, Schwenk M, Coram WM, Antonin KH, Etienne P, Bieck PR, Douglas FL. Magnesium-Laspartate-HCl and magnesium-oxide: bioavailability in healthy volunteers. Eur J Clin Pharmacol.
1991;40:437-8.
56. Lindberg JS, Zobitz MM, Poindexter JR, Pak CY. Magnesium bioavailability from magnesium citrate and
magnesium oxide. J Am Coll Nutr. 1990;9:48-55.
57. Walker AF, Marakis G, Christie S, Byng M. Mg citrate found more bioavailable than other Mg preparations
in a randomized, double-blind study. Mag Res. 2003;16:183-91.

