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ABSTRACT

Although multivitamins, multiminerals, and similar terms (eg, multis
or multiples) are commonly used, they have no standard scientific,
regulatory, or marketplace definitions. Thus, multivitamins-
multiminerals refers to products with widely varied compositions
and characteristics. Multivitamin-multimineral composition data-
bases use label values as surrogates for analyzed values. However,
actual vitamin and mineral amounts often deviate from label values.
Vitamin and mineral bioavailability for dietary supplements also
lacks a standard scientific and regulatory definition and validated in
vitro and animal models that accurately reflect human bioavailabili-
ties. Systematic information on the bioavailability and bioequiva-
lence of vitamins and minerals in marketed products and on potential
drug interactions is scarce. Because of limited information on prod-
uct characteristics, our ability to directly compare results across
studies, estimate changes in usage patterns or intakes over time, and
generalize from published results to marketed products is
problematic. Am J Clin Nutr 2007;85(suppl):269S-76S.
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INTRODUCTION

Product definitions and other product characteristics (eg, com-
position, bioavailability, and bioequivalence and potential for
drug interactions) are important for assessing the scientific qual-
ity of published research, making comparisons among study
results, evaluating time trends in consumer use patterns and in-
takes, and generalizing results from studied to marketed prod-
ucts. However, these important product-related methodologic
details are often inadequately considered or described or incon-
sistently dealt with in research and population monitoring set-
tings and publications. This manuscript focuses on these
product-related issues.

MULTIVITAMIN-MULTIMINERAL DEFINITIONS

Although multivitamin-multimineral (MVM) and similar
terms (eg, multis or multiples) are commonly used, they have no
standard or defined meaning and can refer to products with
widely varied compositions and characteristics.
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Monitoring and research definitions

Since the 1980s, several nationally representative surveys
have collected dietary supplement information (Table 1). Ques-
tionnaire differences within a survey series and across surveys,
however—such as the types of supplement products for which
information was sought; whether vitamin- and mineral-
containing drugs, nonnutrient supplements, or supplements in
forms other than pills and tablets were included; the duration of
supplement usage; and the availability of product composition
information—make it difficult to track changes in supplement
use and intakes over time or across surveys (1-12). Even when a
survey series asks the same question over time (eg, National
Health Interview Survey, 1987-2000), the results are con-
founded because of the constantly evolving composition and
intended use of marketed products.

Product categorization differences also occurred among sur-
veys and associated publications. The heterogeneity in the MVM
category definitions that have been developed by users of na-
tional surveys is described in Table 2 (1-12). When respondents
rather than data users are asked to identify their use of MVMs,
errors can occur. For example, some respondents answered ques-
tions about MVM use by describing non-MVMs (eg, botanicals,
sports drinks, and amino acids), which suggests that respondents’
perception of MVMs may not match that of scientists (5, 13, 14).
In some cases, nonnutritionist interviewers incorrectly recorded
MVM products (13, 15). In one survey, the interview question-
naire asked respondents whether they ever used vitamins for
health and treatment, and then respondents were shown a card
that listed not only MVMs but non-vitamin-mineral supplements
(eg, DHEA, coenzyme Q10) as possible responses, making in-
terpretation of results difficult (8).

Reports from published studies also exhibited either a lack of
standardization of MVM supplement definitions and categori-
zations or a lack of sufficient information to ascertain how the
study defined or categorized MVMs (16). Categorizations varied
from systems that focused on the product’s intended use (eg,
body building, weight loss), ingredients (eg, vitamin and mineral
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TABLE 1

Dietary supplement information in national surveys’

Composition

Survey Question Time period data

NHANES I (1971-1974) Any vitamins or minerals? (response choices: Regularly (daily); irregularly (= 1/wk) No
multiple vitamins, multiple vitamins and minerals,
iron only, multiple vitamins and iron, other)

NHANES 1II (1976-1980) Any vitamins or minerals? (response choices: 29 Regularly (daily); irregularly (= 1/wk) No
categories plus other)

NHANES III (1988-1994) Any vitamins or minerals? (included use of some Last month Yes
prescription medicines and laxatives reported
elsewhere in the interview)

NHANES (1999-2000) Any vitamins, minerals, or other types of dietary Past month Yes
supplements? (included prescription supplements)

NHANES (2001-2002) Any vitamins, minerals, or other? (included Past 30 d Yes
prescription and nonprescription supplements)

NHANES (2003-2004) Any vitamins, minerals, or other dietary Past 30 d Yes
supplements? (included prescription and
nonprescription supplements)

NHIS 1986 (FDA supplement) Any vitamin, mineral, or fluoride products? (Is it Past 2 wk Yes
prescription?)

NHIS 1987 (cancer supplement) Any vitamin or mineral supplement? Have you used Past 12 mo Yes
multiple vitamins; vitamins A, C, and E; calcium?

NHIS 1992 (cancer supplement) Any vitamin or mineral supplement? Have you used Past 12 mo No
multiple vitamins; vitamins A, C, and E; calcium?

NHIS 2000 (cancer supplement) Any vitamin or mineral supplement (multiple Past 12 mo No
vitamins; vitamins A, C, and E; calcium); also use
of single herbal or botanical supplements

NHIS 2002 (CAM supplement) Vitamins for health and treatment Ever use No

Any of the following vitamins in high doses?
CSFII (1994-1996) Any vitamin or mineral supplement? (in pill or liquid Every day? Almost every day? Every so No

form, fish oil, fiber supplement)

often? Not at all?

! From references 1-12. CAM, complementary and alternative medicine; CSFIIL, Continuing Survey of Food Intakes by Individuals; FDA, Food and Drug
Administration; NHIS, National Health Interview Survey; NHANES, National Health and Nutrition Examination Survey.

content), sources of ingredients (eg, antacids as a source of cal-
cium) (16), disease perspectives (eg, antioxidants and cancer)
(4), or consumer behaviors (eg, herbal versus MVM users) (17).

Regulatory definitions

No regulatory definitions exist for MVMs. In the United
States, dietary supplements may contain multiple ingredients,
including vitamins, minerals, herbs or other botanicals, and
amino acids; dietary substances for use by humans to supplement
the diet by increasing the total dietary intake; concentrates, me-
tabolites, constituents, and extracts; or combinations of one or
more of these ingredients (18). The European Commission pro-
posed to define food supplements as concentrated sources of
nutrients (primarily vitamin and mineral salts) marketed in dose
form (eg, capsules, tablets, sachets, etc) to supplement the nutri-
ent intake in a normal diet (19). The United Nation’s Codex
Alimentarius completed similar international standards for food
supplements (20).

Marketplace definitions

A search of MVM products marketed on the Internet reveals a
variety of products described as multivitamin, multimineral, mul-
tis, multiple nutrients, and multivitamin/mineral. These include
“one-a-days” and specialized products (eg, MVMs for men, se-
nior women, menopause, persons with diabetes, daytime or
nighttime, performance, energy, menopause, hair). Many prod-
ucts do notinclude MVM terms in their names but contain similar

types and amounts of vitamins and minerals as MVM-labeled
products.

MVMs vary in the types, numbers, and amounts of vitamins
and minerals they contain and whether they contain other non-
vitamin and nonmineral ingredients (eg, dietary fiber, botanicals,
glucosamine, lycopene). The same brand name with modifiers
(eg, Brand X calcium plus) is used for products that differ in
composition. Some products bearing the same brand name come
in different forms (eg, pill or liquid) but differ in composition.

CHARACTERIZATION

Manufacturers determine both the types and levels of vitamins
and minerals in MVMs (18). Information is scarce on the actual
amounts of vitamins and minerals in these products; therefore,
label declarations of vitamin-mineral content are often used as
surrogates for actual levels. US regulations require that the
amount of a vitamin or mineral is always equal to or greater than
the label declaration after batch-to-batch variations and expected
shelf life losses are taken into account.

Relatively few data are available that compare analyzed with
declared label values in marketed products. Trade associations
from the United States and the United Kingdom identified over-
ages consistent with good manufacturing practices of 30-100%
of declared value for vitamin A; 50% for vitamin B-12; 30-50%
for ergocalciferol; 30% for cholecalciferol, folic acid, thiamine,
biotin, B-carotene, vitamin K, riboflavin, niacin, vitamin B-6,
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TABLE 2
Examples of multivitamin-multimineral categorization in national surveys’
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Category Definition

Survey

Mulivitamin-multiminerals
Multiple vitamins and minerals;
multivitamin-multimineral

Undefined

= 3 vitamins with or without minerals and names (do not refer to
a specific vitamin or mineral)
Must contain at least thiamine; riboflavin; niacin; vitamins A,
B-12, B-6, C, and D; calcium; and iron, but not fluoride
Contains vitamins A, D, E, C, B-6, and B-12; thiamine;
riboflavin; niacin; folic acid; calcium; phosphorus; iodine; iron;
and magnesium
Combinations of vitamins and Undefined
minerals with other products
At least one vitamin and one mineral plus other ingredients
Multivitamins
Multivitamins; multiple vitamins Undefined
= 2 vitamins
No minerals and vitamins A, D, E, C, B-6, and B-12; thiamine;
riboflavin; folic acid; and niacin
Example: one-a-day and not high-dose or megavitamin
Contains no minerals, not a multivitamin as defined above, and
contains = 2 vitamins
Undefined
With iron or other minerals
Must contain thiamine; riboflavin; niacin; vitamins A, B-12, B-6,
C, and D; and iron
Is a multivitamin and contains iron
Must contain vitamin C and thiamine, riboflavin, niacin, and
vitamins A and D
Must contain at least thiamine; riboflavin; niacin; vitamins A,
B-12, B-6, C, and D; fluoride % iron and no other minerals

Other vitamin combinations

Multiple vitamins with iron

Multivitamins with vitamin C

Multivitamins with fluoride

Multiple vitamins with additional Undefined
supplements
Multiminerals
Multiminerals Undefined

= 2 minerals and no vitamins

Contains no vitamins and the following minerals: calcium,
phosphorus, iodine, iron, and magnesium

Contains no vitamins, is not a multimineral as defined above, and
contains = 2 minerals

Other mineral combination

NHANES I, II; NHIS 1987,
1992, 2000, 2002; CSFII
NHANES 1999-2000

NHANES II

NHIS 1986

NHANES 1999-2000,
NHANES 2001-2002
NHIS 1986

NHANES L, II, III; NHIS

1987, 1992, 2000; CSFIL.
NHANES 1999-2000
NHIS 1986

NHIS 2002
NHIS 1986

NHANES [, I
CSFIL
NHANES III

NHIS 1986
NHANES III

NHANES III

NHANES II

NHANES III, NHANES
2001-2002

NHANES 1999-2000

NHIS 1986

NHIS 1986

! From references 1—12. CSFII, Continuing Survey of Food Intakes by Individuals; NHANES, National Health and Nutrition Examination Survey; NHIS,

National Health Interview Survey.

and vitamin C; and 5% for vitamin E (21). However, underages

of results based on defaults or simplified questionnaires varied by

have also been reported in US and Canadian products (22, 23). nutrient.
Comparisons of analyzed with label values showed selenium
deviations from —19% to 23% (23) and up to 2.5 times label
value (24) for products marketed in Canada and the United
BIOAVAILABILITY

States, respectively. For Canadian products, vitamin E analyzed
values deviated from label declarations by —41% to 57%, and
vitamin D was within 15% of the stated dose (23).
Compositional databases are often developed by recording
label values from respondent supplement containers because
analytic data are not available or by using defaults based on
simplified questionnaires or composition of commonly used
products because of interview time or budget constraints. Com-
parisons of intake estimates derived from a simplified inventory
(25) or default product categories (26) showed that the accuracy

Definitions: bioavailability and bioequivalence

The concept of vitamin and mineral bioavailability for dietary
supplements lacks standard scientific and regulatory definitions.
Commonly used definitions include concepts of absorption (27)
and some also include utilization (eg, availability for use or
storage) (28-30). For some nutrients, beneficial functions of
unabsorbed nutrients (eg, binding of bile salts by calcium in the
gut) would be missed by absorption-based definitions (27).
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TABLE 3
Examples of considerations of bioavailability and bioequivalency of the
Dietary Reference Intakes (DRIs)

Nutrient Bioavailability and bioequivalency

Vitamin A DRI expressed as g retinol activity equivalents (RAE):
1 ug RAE = | pg all-trans-retinol = 2 ug
supplemental all-trans-B-carotene = 12 ug dietary
all-trans-B-carotene = 24 ug other dietary
provitamin A carotenoids

Iron Algorithm for estimating dietary iron bioavailability:
18% bioavailability from a total diet based on
differences in absorption from heme- and nonheme-
iron sources in a mixed US diet

No adjustment is made for bioavailability, but the
requirement is expressed in niacin equivalents (NEs),
which allows for some conversion of the amino acid
tryptophan to niacin

Bioavailability of 75% is assumed from a mixed diet

DRI expressed as dietary folate equivalents (DFEs): 1
ug DFE = 0.6 ug folic acid from fortified food or as
a supplement taken with meals = 1 ug food folate =
0.5 ug supplement taken on an empty stomach

An assumed absorption from foods of 50% is included
in the DRI, advise adults aged =51 y that foods
fortified with vitamin B-12 or supplements containing
vitamin B-12 be used to meet the DRI because of
reduced absorption of food forms

Niacin

Vitamin B-6
Folate

Vitamin B-12

Similar to the situation for drugs, definitions of nutrient bioavail-
ability may benefit from a provision for functionality at sites of
action not dependent on systemic blood circulation for delivery
of the active moiety (31).

Bioequivalence is closely related to the concept of bioavail-
ability (31, 32). For some nutrients, equal absorption does not

2500 -
2000 -
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4
s
£
>
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mean equal biological effects because the nutrient sources are
chemically different, resulting in differences in nutrient activity
(27). Bioavailability and bioequivalence factors are the basis for
adjustments for some nutrient reference values (Table 3) (33—
35). For example, differences in the activity of different chemical
sources of vitamin A and folate are converted to vitamin equiv-
alents when setting Recommended Dietary Allowances (RDAs).
The effect on intake estimates for folate equivalents versus mi-
crograms is illustrated in Figure 1 (36). For other nutrients (eg,
iron, niacin, vitamin B-6, and vitamin B-12), RDA or Adequate
Intake (AI) values are adjusted on the basis of different bioavail-
abilities and bioequivalencies from mixed diets, making their use
for dietary supplements problematic.

Factors affecting bioavailability

Vitamin and mineral bioavailability in MVMs is affected not
only by product but also by host factors. Host factors include
homeostatic mechanisms that regulate absorption or excretion
depending on the nutrient status of the host (eg, the iron status of
the host affects iron absorption) (27, 29). These factors vary by
age, sex, and physiologic state (eg, pregnancy) (29, 30, 37).
Homeostatic mechanisms may regulate circulating concentra-
tions of nutrients within a tight range and are therefore insensitive
to changes in ingested amounts or to utilization at the site of
action (27). The size of the ingested load may affect bioavail-
ability [eg, the absorption load of calcium varies inversely as the
logarithm of the load size (27), and single high doses of folic acid
exceed the metabolic capacity for reduction and methylation
(38)]. These complex host factors are the basis for questions as to
the validity of including utilization in definitions of nutrient
bioavailability (27). They also give rise to concerns that higher
bioavailability is not necessarily better (27, 29).

50 75 85 90 95

FIGURE 1. Percentiles of total folate intakes (foods + supplements) of women aged 31-50 y from the National Health and Nutrition Examination Survey
2001-2002 expressed as amount (ug/d) or as dietary folate equivalents (DFEs)/d. Intake distributions are adjusted for intraindividual variations in intakes to

represent usual intakes (36).
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Reported interactions of vitamins and minerals with drugs’

Vitamin or mineral

Drug

Type of interaction

Vitamin A

Niacin

Folic acid

Vitamin B-6

Vitamin B-12

Ascorbic acid

Vitamin E

Vitamin K

Calcium

Abciximab, acenocoumarol, ancrod, anisindione, antithrombin III human,
argatroban, bivalirudin, clopidogrel, danaparoid, defibrotide, dermatan
sulfate, desirudin, dicumarol, eptifibatide, fondaparinux, heparin, lamifiban,
pentosan polysulfate sodium, phenindione, phenprocoumon, sibrafiban,
tirofiban, warfarin, xemilofiban

Acitretin, carob, etretinate, isotretinoin, tretinoin

Bexarotene

Colestipol

Minocycline

Atorvastatin, cerivastatin, fluvastatin, pravastatin, rosuvastatin, simvastatin
Cholestyramine, colestipol

Nicotine

Colestipol

Fosphenytoin, phenytoin

Pancreatin, sulfasalazine
Pyrimethamine

Triamterene
Altretamine
Amiodarone

Contraceptives (combination), hydralazine, isoniazid, penicillamine
Fosphenytoin, phenytoin

Levodopa

Aminosalicylic acid, cimetidine, omeprazole, ranitidine

Ascorbic acid

Chloramphenicol
Colestipol

Contraceptives (combination)

Aluminum carbonate (basic), aluminum hydroxide, aluminum phosphate,
dihydroxyaluminum aminoacetate, dihydroxyaluminum sodium carbonate,
magaldrate

Amygdalin

Cyanocobalamin

Indinavir
Anisindione, phenprocoumon
Cholestyramine

Colestipol, orlistat

Dicumarol, warfarin

Pau d’arco

Warfarin

Alendronate, etidronate, levothyroxine, risedronate, tiludronate

Amprenavir, aspirin, atenolol, bisacodyl, bismuth subcitrate, cefpodoxime,
proxetil, chlortetracycline, ciprofloxacin, demeclocycline, doxycycline,
enoxacin, gemifloxacin, grepafloxacin, hyoscyamine, ibandronate, iron,
itraconazole, ketoconazole, levofloxacin, lomefloxacin, methacycline,
minocycline, norfloxacin, ofloxacin, oxytetracycline, pefloxacin,
rolitetracycline, sparfloxacin, sucralfate, temafloxacin, tetracycline,
ticlopidine, trovafloxacin mesylate, zalcitabine

Atazanavir

Bemetizide, bendroflumethiazide, benzthiazide, buthiazide, chlorothiazide,
chlorthalidone, clopamide, cyclopenthiazide, cyclothiazide,
hydrochlorothiazide, hydroflumethiazide, indapamide, methyclothiazide,
metolazone, polystyrene sulfonate, polythiazide, quinethazone,
trichlormethiazide, xipamide

Digitoxin, digoxin

Guar gum

Potassium phosphate, potassium phosphate (dibasic), potassium phosphate
(monobasic), sodium phosphate, sodium phosphate (dibasic), sodium
phosphate (monobasic)

Verapamil

Increased risk of bleeding

Increased risk of vitamin A toxicity

Increased risk of retinoid toxicity

Decreased vitamin A effectiveness

Increased risk of pseudotumor cerebri (benign
intracranial hypertension)

Increased risk of myopathy or rhabdomyolysis

Decreased niacin absorption

Flushing and dizziness

Decreased bioavailability of vitamin and mineral
preparations possible

Increased seizure frequency and decreased phenytoin
concentrations

Decreased absorption of folate

Pharmacodynamic antagonism of the antiparasitic
effect

Decreased utilization of dietary folate

Adversely affects the response duration of altretamine

Enhances amiodarone-induced photosensitivity
reactions

May increase vitamin B-6 requirements

Reduced phenytoin concentrations

Decreased drug effectiveness

Reduced cyanocobalamin absorption

Reduced amounts of cyanocobalamin available for
serum and body stores

Decreased hematologic response to cyanocobalamin

May decrease the bioavailability ofvitamin and
mineral preparations

Decrease in serum vitamin B-12 concentrations

Aluminum toxicity (personality changes, seizures,
coma)

Increased metabolism of amygdalin, leading to
increased cyanide concentrations

Reduced amounts of cyanocobalamin available for
serum and body stores

Decreased plasma indinavir concentrations

Enhanced response to anticoagulants

Malabsorption of fat-soluble vitamins, decrease in
fat-soluble vitamin absorption

Decreased vitamin E effectiveness

Increased risk of bleeding

Reduced vitamin K effectiveness

Decreased anticoagulant effectiveness

Reduced drug absorption

Reduced drug efficacy

Reduced plasma concentration of drug
Milk-alkali syndrome (hypercalcemia, metabolic
alkalosis, renal failure)

Cardiotoxicity: arrhythmia and cardiovascular collapse
Delayed calcium absorption
Decreased phosphate absorption

Reversal of hypotensive effects

(Continued)
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Vitamin or mineral Drug

Type of interaction

Magnesium

Allopurinol, amprenavir, aspirin, atazanavir, azithromycin, bisacodyl, bismuth,

Decreased drug effectiveness

subcitrate, captopril, cefdinir, cefditoren pivoxil, cefpodoxime proxetil,
chloroquine, chlorpromazine, chlortetracycline, cimetidine, cinoxacin,
ciprofloxacin, demeclocycline, doxycycline, enoxacin, fexofenadine,
gabapentin, gatifloxacin, gemifloxacin, grepafloxacin, hyoscyamine,
ibandronate, iron, itraconazole, levofloxacin, levothyroxine, lomefloxacin,
minocycline, misoprostol, moxifloxacin, mycophenolate mofetil, nalidixic
acid, norfloxacin, ofloxacin, oxytetracycline, pefloxacin, penicillamine,
rolitetracycline, rosuvastatin, rufloxacin, sotalol, sparfloxacin, sucralfate,
temafloxacin, tetracycline, ticlopidine, tipranavir, trovafloxacin mesylate,

zalcitabine

Alendronate, atevirdine, etidronate, mycophenolate sodium, mycophenolic

Decreased drug absorption

acid, potassium phosphate, risedronate, sodium phosphate, tiludronate

Delavirdine, lansoprazole
Calcitriol, doxercalciferol
Atazanavir, clofazimine, digoxin

Amikacin, dibekacin, gentamicin, kanamycin, netilmicin, streptomycin,

tobramycin

Cisatracurium, rapacuronium, succinylcholine, vecuronium

Dicumarol

Didanosine, mefenamic acid, quinidine, rocuronium
Felodipine, isradipine

Glipizide, glyburide, nicardipine, nifedipine

Decreased drug bioavailability
Hypermagnesemia

Decreased plasma drug concentration
Neuromuscular weakness

Enhanced neuromuscular blockade
Increased risk of bleeding

Increased risk of adverse drug effects
Hypotension

Hypoglycemia

Labetalol Bradycardia and decreased cardiac output
Polystyrene sulfonate Increased risk of metabolic alkalosis
Levomethadyl Increased risk of QT prolongation
Tacrolimus Increased drug exposure

Iron Acetohydroxamic acid, cefdinir, cinoxacin, ciprofloxacin, demeclocycline, Decreased drug effectiveness

doxycycline, gatifloxacin, gemifloxacin, grepafloxacin, ibandronate,
levodopa, levofloxacin, lomefloxacin, methacycline, methyldopa,
minocycline, moxifloxacin, mycophenolate mofetil, norfloxacin, ofloxacin,
oxytetracycline, penicillamine, rolitetracycline, temafloxacin, tetracycline,

trovafloxacin mesylate

Acetohydroxamic acid, aluminum carbonate basic, aluminum hydroxide,

Decreased iron effectiveness

aluminum phosphate, calcium, chloramphenicol, cholestyramine,
demeclocycline, dihydroxyaluminum aminoacetate, dihydroxyaluminum
sodium carbonate, doxycycline, enoxacin, magaldrate, magnesium
carbonate, magnesium hydroxide, magnesium oxide, magnesium trisilicate,
methacycline, minocycline, oxytetracycline, rolitetracycline, sodium

bicarbonate, tetracycline
Etidronate, sparfloxacin, trientine, zinc
Gossypol, soy protein, trientine, vanadium, zinc

Esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole

Levothyroxine

Zinc Cinoxacin, ciprofloxacin, enoxacin, gatifloxacin, grepafloxacin, levofloxacin,

moxifloxacin, norfloxacin, ofloxacin, tetracycline
Gemifloxacin, sparfloxacin
Penicillamine
Copper
Iron

Reduced drug absorption
Reduced iron absorption
Reduced iron bioavailability
Hypothyroidism

Decreased drug effectiveness

Decreased drug absorption
Decreased zinc absorption
Decreased zinc or copper absorption
Decreased zinc or iron absorption

! From reference 57.

Hoag and Hussain (32) identified 2 categories of product for-
mulation factors that affect bioavailability and bioequivalence:
factors that affect product dissolution or release from the dosage
form and factors related to excipients or inactive ingredients that
may affect drug stability, drug absorption, and metabolic pro-
cesses. Product dissolution or release is the basis of pharmaco-
poeial dissolution test methods (28). Different chemical forms of
nutrients and nutrient-nutrient interactions may affect bioavail-
ability, eg, different forms of inorganic iron or zinc vary in
bioavailability (39,40), vitamin C interacting with inorganic iron
may enhance bioavailability of the iron (39), and decreasing the
levels of magnesium and calcium increases the bioavailability of
iron (41). The formulations, fillers, coatings, excipients, and
surfactants of products affect the completeness or rate of release

of calcium (27,42), vitamin E (43, 44), pyridoxal phosphate (45),
iron (46), folic acid (47), and vitamin B-12 (48).

Testing of bioavailability

Currently, in vitro and animal models do not accurately reflect
human bioavailabilities and, therefore, human testing is the gold
standard (27). Similar to their quality assurance standards for
drugs, the United States Pharmacopeia (USP) has published dis-
integration and dissolution standards for evaluating MVMs (28).
These standards assume that in vitro acid solubility is a surrogate
for in vivo absorption. However, the usefulness of these stan-
dards for nutrients not dependent on acid solubility for absorption
(eg, calcium) has been questioned (27). The failure of US mar-
keted products to meet USP dissolution standards was reported
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for a prenatal MVM (22), folic acid in prenatal MVMs (49, 50),
and renal MVMs (51). Similar failures of dissolution and disin-
tegration were reported for MVMs marketed in Canada as com-
pared with USP standards (52), for folic acid—containing prod-
ucts marketed in the United Kingdom as compared with British
Pharamcopoieal standards (53), and for iron-containing products
in Sweden (54). In the United States, the use of USP standards by
manufacturers is voluntary and not required by regulation.

DRUG INTERACTIONS

Drug-nutrient interactions are the result of both host and
nutrient-drug factors. These interactions can make a drug less
effective, increase the action of a drug, or cause unexpected side
effects. There are also reports of certain drugs decreasing the
effectiveness of vitamins and minerals. Little research-based
information is available on potential or actual drug-vitamin or
drug-mineral interactions. Reported interactions include vitamin
E and aspirin with the potential for an additive antithrombotic
effect and between vitamin E and warfarin related to an increased
risk of bleeding (55). An antioxidant supplement containing vi-
tamins C and E, B-carotene, and selenium used in the treat-
ment arm of a randomized controlled clinical trial blocked the
beneficial response of HDL to simvastatin-niacin therapy in
patients with coronary artery disease and low HDL (56). The
vitamin-drug and mineral-drug interactions that have been
reported in the Thomson Micromedex Healthcare Series are
listed in Table 4 (57).

Dietary supplement manufacturers have not been required to
evaluate the potential for drug interactions, but legislation to
mandate the reporting of serious adverse effects is currently
under consideration. Reports of suspected or documented ad-
verse events may be voluntarily submitted to the Food and Drug
Administration’s MedWatch program (58) or other organiza-
tions, such as poison control centers. If drug-MVM supplement
interactions are documented, information identifying this would
more likely be required for drug labeling than for supplement
labeling. However, manufacturers and retailers may voluntarily
place warning statements on MVMs. These statements do not
require review or approval by the Food and Drug Administration.

CONCLUSION

The definitions and categorization of MVM products are not
standardized. These differences can affect estimates of both
prevalence and intakes and make it difficult to compare trends
over time, make direct comparisons from one study or survey to
another, or generalize from published results to marketed prod-
ucts. The variable composition of marketed MVMs and the in-
accuracy of label declarations underscore the need for more
systematic analysis of vitamin and mineral content of MVMs.
Deviations of even 25-50% from label values, given the rela-
tively high quantities of vitamins and minerals in marketed
MVMEs, can result in significant errors in estimates of dietary
intakes from MVMs. It is unclear whether a single definition of
bioavailability can apply to all vitamins and minerals because
factors affecting nutrient absorption and the relation of circulat-
ing nutrient concentrations to functional effects at sites of action
vary among nutrients. Although drug definitions of bioavailabil-
ity are often applied to nutrients, inherent differences between
drugs and nutrients require that drug definitions be modified if
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they are to be usefully applied to vitamins and minerals. Drug
interactions with MVM ingredients are rarely systematically
studied but may interfere with or augment the effects of some
drugs in unexpected ways. [ ]

I thank Susan Pilch, Biomedical Librarian/Informationist, National Insti-
tutes of Health Library, for her expertise and patience in conducting extensive
bibliographic searches to identify hard-to-find references on the topic of this
manuscript. I also thank Connie Hardy, Consumer Safety Office, Center for
Food Safety and Applied Nutrition, Food and Drug Administration, for her
skilled and timely assistance in identifying marketed MVM products.

REFERENCES

1. Radimer KL. Methodological issues in assessing dietary supplement use
in children. J Am Diet Assoc 2005;105:703-8.

2. Radimer KL. National nutrition data: contributions and challenges to
monitoring dietary supplement use in women. J Nutr 2003;133:2003S—
78S.

3. Subar AF, Block G. Use of vitamin and mineral supplements: demo-
graphics and amounts of nutrients consumed. The 1987 Health Interview
Survey. Am J Epidemiol 1990;132:1091-101.

4. Millen AE, Dodd KW, Subar AF. Use of vitamin, mineral, nonvitamin,
and nonmineral supplements in the United States: The 1987, 1992, and
2000 National Health Interview Survey results. ] Am Diet Assoc 2004;
102:942-50.

5. Ervin RB, Wright JD, Kennedy-Stephenson J. Use of dietary supple-
ments in the United States, 1988 -94. National Center for Health Statis-
tics. Vital Health Stat 11 1999;244:i-iii,1-14.

6. Radimer K, Bindewald B, Hughes J, Ervin B, Swanson C, Picciano MF.
Dietary supplement use by US adults: data from the National Health and
Nutrition Examination Survey, 1999-2000. Am J Epidemiol 2004;160:
339-49.

7. Barnes PM, Powell-Griner E, McFann K, Nahin RL. Complementary
and alternative medicine use among adults: United States, 2002. Adv
Data 2004;May 27(343):1-19.

8. National Center for Health Statistics. 2002 National Health Interview
Survey (NHIS). PART D 2002 adult supplements, gsamadlt.pdf, pg
50-87. Internet: ftp:/ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_
Questionnaires/NHIS/2002/ (accessed 30 June 2006).

9. Moss AJ, Levy AS, Kim I, Park YK. Use of vitamin and mineral sup-
plements in the United States: current users, types of products, and
nutrients. Adv Data 1989;July 18(174):1-10.

10. National Center for Health Statistics. Questionnaire for NHANES 2001-
02. Internet: http://www.cdc.gov/nchs/data/nhanes/nhanes_01_02/sp_
dsq.pdf (accessed 30 June 2006).

11. National Center for Health Statistics. Questionnaire for NHANES 2003-
04. Internet: http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/sp_
dsq_c.pdf (accessed 30 June 2006).

12. Brownie S, Myers S. Wading through the quagmire: making sense of
dietary supplement utilization. Nutr Rev 2004;62:276—82.

13. Park YK, Kim I, Yetley EA. Characteristics of vitamin and mineral
supplement products in the United States. Am J Clin Nutr 1991;54:
750-9.

14. Balluz LS, Kieszak SM, Philen RM, Mulinare J. Vitamin and mineral
supplement use in the United States. Results from the Third National
Health and Nutrition Examination Survey. Arch Fam Med 2000;9:258 —
62.

15. Patterson RE, Levy L, Tinker LF, Kristal AR. Evaluation of a simplified
vitamin inventory developed for the Women’s Health Initiative. Public
Health Nutr 1999;2:273—-6.

16. Neuhouser ML. Dietary supplement use by American women: chal-
lenges in assessing patterns of use, motives and costs. J Nutr 2003;133:
1992S-6S.

17. Reedy J, Haines PS, Campbell MK. Differences in fruit and vegetable
intake among categories of dietary supplement users. ] Am Diet Assoc
2005;105:1749-56.

18. US Food and Drug Administration, Center for Food Safety and Applied
Nutrition. Overview of dietary supplements. 2001; Jan. 3. Internet:
http://www.cfsan.fda.gov/~dms/ds-oview.html#what (accessed 13
June 2006).

19. Official Journal of the European Communities. Directive 2002/46/EC of
the European Parliament and of the Council of 10 June 2002 on the

0202 1890100 01 U0 1sonB Aq £66797/S69Z/1/58/0101e/UdlE/W0ddNo dlWspeoe)/:Sdjjy WO} PAPEOJUMOQ



276S

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

approximation of the laws of the Member States relating to food sup-
plements. Internet:  http://europa.eu.int/eur-lex/pri/en/oj/dat/2002/
1_183/1_18320020712en00510057.pdf (accessed 30 June 2006).
Codex Alimentarius. Guidelines for vitamin and mineral food supple-
ments. CAC/GL 55-2005. Internet: http://www.codexalimentarius.net/
download/standards/10206/cxg_055e.pdf (accessed 30 June 2006).
Expert Group on Vitamins and Minerals. Safe upper levels for vitamins
and minerals. London: Food Standards Agency Publications, 2003:335.
Internet: http://www.food.gov.uk/multimedia/pdfs/vitmin2003.pdf (ac-
cessed 10 March 2006).

ConsumerLab.com. Product review: multivitamin/multimineral. 2005;
Feb 8. Internet: http://www.consumerlab.com/results/multivit.asp (ac-
cessed 10 March 20006).

Feifer AH, Fleshner NE, Klotz L. Analytical accuracy and reliability of
commonly used nutritional supplements in prostate disease. J Urol 2002;
168:150—4.

Veatch AE, Brockman JD, Spate VL, Robertson JD, Morris JS. Sele-
nium and nutrition: the accuracy and variability of the selenium content
in commercial supplements. J Radioanal Nucl Chem 2005;264:33-8.
Satia-Abouta J, Patterson RE, King IB, et al. Reliability and validity of
self-report of vitamin and mineral supplement use in the Vitamins and
Lifestyle Study. Am J Epidemiol 2003;157:944 -54.

Park SY, Murphy SP, Wilkens LR, Yamamoto JF, Kolonel LN. Allow-
ing for variations in multivitamin supplement composition improves
nutrient intake estimates for epidemiologic studies. J Nutr 2006;136:
1359-64.

Heaney RP. Factors influencing the measurement of bioavailability,
taking calcium as a model. J Nutr 2001;131:1344S-8S.

Srinivasan VS. Bioavailability of nutrients: a practical approach to in
vitro demonstration of the availability of nutrients in multivitamin-
mineral combination products. J Nutr 2001;131:1349S-50S.
Solomons N, Slavin JL. What impact does stage of physiological devel-
opment and/or physiological state have on the bioavailability of dietary
supplements? Summary of workshop discussion. J Nutr 2001;131:
1392S-58S.

Krebs NF. Bioavailability of dietary supplements and impact of physi-
ologic state: infants, children and adolescents. J Nutr 2001;1351S-4S.
Code of Federal Regulations. Bioavailability and bioequivalence re-
quirements. 21 CFR 320.1.

Hoag SW, Hussain AS. The impact of formulation on bioavailability:
summary of workshop discussion. J Nutr 2001;131:1389S-91S.

Yates AA. National nutrition and public health policies: issues related to
bioavailability of nutrients when developing dietary reference intakes. J
Nutr 2001;131:1331S-4S.

Institute of Medicine. Dietary reference intakes for vitamin A, vitamin
K, arsenic, boron, chromium, copper, iodine, iron, manganese, molyb-
denum, nickel, silicon, vanadian and zinc. Washington, DC: National
Academy Press, 2001.

Institute of Medicine. Dietary reference intakes for thiamin, riboflavin,
niacin, vitamin B6, folate, vitamin B12, pantothenic acid, biotin, and
choline. Washington, DC: National Academy Press, 1998.

Office of Dietary Supplements/National Institutes of Health. NHANES
online analysis of dietary supplements (NOADS). Internet: http://noads.
rti.org. (accessed 30 June 2006).

King JC. Effect of reproduction on the bioavailability of calcium, zinc
and selenium. J Nutr 2001;131:1355S—8S.

Gregory JF III. Case study: folate bioavailability. J Nutr 2001;131:
13765-828.

YETLEY

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.
52.

53.

54.

55.

56.

57.

58.

International Nutritional Anemia Consultative Group (INACG). Tech-
nical brief on iron compounds for fortification of staple foods. Wash-
ington, DC: ILSI Press, 2002.

Eby GA. Zinc ion availability—the determinant of efficacy in zinc loz-
enge treatment of common colds. J Antimicrob Chemother 1997;40:
483-93.

Seligman PA, Caskey JH, Frazier JL, Zucker RM, Podell ER, Allen RH.
Measurements of iron absorption from prenatal multivitamin-mineral
supplements. Obstet Gynecol 1983;61:356-62.

Brennan MJ, Duncan WE, Wartofsky K, Butler VM, Wray HL. In vitro
dissolution of calcium carbonate preparations. Calcif Tissue Int 1991;
49:308-12.

Julianto T, Yuen KH, Noor AM. Improved bioavailability of vitamin E
with a self emulsifying formulation. Int J Pharm 2000;200:53-7.
Thakker KM, Sitren HS, Gregory JF III, Schmidt GL, Baumgartner TG.
Dosage form and formulation effects on the bioavailability of vitamin E,
riboflavin, and vitamin B-6 from multivitamin preparations. Am J Clin
Nutr 1987;45:1472-9.

Takahashi H, Ogata H, Nagai N, Sugito K, Shimamura H. Variability in
absorption lag time of pyridoxal phosphate under fasting and pre- and
post-meal conditions. Biopharm Drug Dispos 1994;15:505-17.
Walker SE, Paton TW, Cowan DH, Manel MA, Dranitsaris G. Bioavail-
ability of iron in oral ferrous sulphate preparations in healthy volunteers.
Can Med Assoc J 1989;141:543-7.

Du J, Hoag SW. Characterization of excipient and tableting factors that
influence folic acid dissolution, friability, and breaking strength of oil-
and water-soluble multivitamin with mineral tablets. Drug Dev Ind
Pharm 2003;29:1134-47.

Baun DC, Bowen BM, Wood DE. Comparison of the bioavailability of
cyanocobalamin from capsule and liquid dosage forms. Am J Hosp
Pharm 1975;32:1047-9.

Hoag SE, Ramachandruni H, Shangraw RF. Failure of prescription pre-
natal vitamin products to meet USP standards for folic acid dissolution.
J Am Pharm Assoc 1997;NS37:397-400.

Giebe K, Counts C. Comparison of Prenata Advance with other pre-
scription prenatal vitamins: a folic acid dissolution study. Adv Ther
2000;17:179-83.

Stamatakis MK, Meyer-Stout PJ. Disintegration performance of renal
multivitamin supplements. J Ren Nutr 1999;9:78-83.

Lobenberg R, Steinke W. Investigation of vitamin and mineral tablets
and capsules on the Canadian market. J Pharm Pharm Sci 2006;9:40-9.
Sculthorpe NF, Davies B, Ashton T, Allison S, McGuire DN, Malhi JS.
Commercially available folic acid supplements and their compliance
with the British Pharmacopoeia test for dissolution. J Public Health Med
2001;23:195-7.

Bannerman J, Campbell NRC, Hasinoff BB, Venkataram S. The disso-
lution of iron from various commercial preparations. Pharm Acta Helv
1996;71:129-33.

Chan L-N. Drug-nutrient interactions. In: Shils ME, Shike M, Ross AC,
Caballero B, Cousins RJ, eds. Modern nutrition in health and disease.
10" ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2006:1539—
53.

Cheung MC, Zhao XQ, Chait A, Albers JJ, Brown BG. Antioxidant
supplements block the response of HDL to simvastatin-niacin therapy in
patients with coronary artery disease and low HDL. Arterioscler Thromb
Vasc Biol 2001;21:1320-6.

MICROMEDEX Healthcare Series [Database Online]. 2006:Vol 128
(expires 6/2006). Greenwood Village, CO: Thomson MICROMEDEX.
US Food and Drug Administration. MedWatch. Internet: http://www.
fda.gov/medwatch/report/hcp.htm (accessed 30 June 2006).

0202 1890100 01 U0 1sonB Aq £66797/S69Z/1/58/0101e/UdlE/W0ddNo dlWspeoe)/:Sdjjy WO} PAPEOJUMOQ



