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The 2010 Dietary Guidelines Advisory Committee was charged with the task of investigating the effects of multivitamin/mineral supplements on
healthy populations and also on those with chronic disease. The evidence from which the committee prepared its conclusions was graded on 5
fundamental criteria: quality, consistency, quantity, clinical impact, and generalizability. The committee concluded that for the general healthy
population, evidence was insufficient to make a multivitamin/mineral recommendation. On the other hand, the committee noted the value of
some supplemental nutrients for at-risk populations such as iron, folic acid, and vitamin B-12. However, most of the studies referenced for the
research used the conventional, all-encompassing, and oversimplified definition of a multivitamin/mineral as being a supplement containing
3 or more vitamins with or without minerals. In the few years since the committee released its 2010 report, several randomized clinical trials
showing the benefits of daily multivitamin/mineral supplementation have been completed using supplements containing at least 10 or more
vitamins and/or minerals, but there also continues to be some reports that do not find benefit from such supplements. Furthermore, several
steps have been taken to advance the science behind these supplements so that consumers, physicians, and government agencies can all have
more confidence in understanding the role of supplemental nutrition in the American diet. This review provides new evidence from 2010
onward addressing the committee’s primary concerns about multivitamin/mineral research in regard to improving public health. It also includes
several recent studies that may be of interest to future committees indicating the potential benefits of these supplements on improving the

cognitive performance and mental well-being of healthy populations. Adv. Nutr. 4: 644-656, 2013.

Introduction

The use of dietary supplements has been gradually increas-
ing since the introduction of the first multivitamin/mineral
(MVM)? formulas in the 1930s (1). This increase has
ramped up considerably in the past 30 y as MVMs have be-
come the most commonly used dietary supplements in the
United States, with more than one-third of the population
reporting use (2,3). United States MVM use varies consider-
ably by demographic with, ~20% of adolescents and 50% of
individuals 50 y or older reporting use. Females are also
more likely than males to use MVMs as are individuals
with healthier lifestyle habits, more education, higher socio-
economic status, and lower BMIs as well as those living in
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the western United States (4). The primary reasons reported
for MVM use are to both improve health and prevent chronic
disease by increasing nutrient intakes (4).

In 2010, the Dietary Guidelines for Americans (5) con-
tained specific language pertaining to MVM use and human
health, acknowledging that “supplements containing combi-
nations of certain nutrients may be beneficial in reducing
the risks of some chronic diseases when used by special pop-
ulations.” However, the guidelines also noted that a need ex-
isted for more scientific evidence on MVMs and that further
investigation was necessary since certain supplements have
the potential to be harmful if not manufactured or used cor-
rectly. This prompted the Dietary Guidelines Advisory Com-
mittee (DGAC) to call for future research on MVMs with a
specific focus on the areas of increasing accuracy of self-
reports, improving composition and bioavailability data,
and conducting randomized controlled trials rigorously
testing health outcomes (6).

Although the DGAC’s directives on future research seem
relatively straightforward, a major roadblock to progress
has been simple semantics. For starters, no standardized
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or regulatory definition of an MVM currently exists, and
various organizations, experts, and authorities have used
many different definitions over the years for these popular
supplements. Thirteen vitamins and 15 minerals have been
credited as essential for the maintenance of human health;
however, past and present definitions of MVMs have been
minimalistic, inconsistent, and inadequate. For example,
the USDA has at times loosely defined an MVM “as con-
taining more than two vitamins” (7). The most common
definition in the body of research produced by experts and
agencies alike has generally defined an MVM “as containing
3 or more vitamins with or without minerals” (4). A major
problem with these popularized or marketing definitions is
that they allow for the inclusion of products that are in direct
contradiction to their key designation as containing “multi-
ple” vitamins and minerals because both of these definitions
require zero minerals to be present and allow for products
containing simply a few B-vitamins or just the fat-soluble
vitamins to be considered an MVM.

Other MVM definitions used in the last decade also vary
between and within major governmental research organiza-
tions. A recent definition used by the NIH refers to an MVM
as “any supplement containing three or more vitamins and
minerals but no herbs, hormones, or drugs” (1), whereas
the CDC’s NHANES contradicts that definition, classifying
an MVM “as a product containing three or more vitamins
and one or more mineral” while also allowing for the addi-
tion of certain amounts of botanicals and amino acids (2).
Granted, many supplements containing 3 or 4 vitamins
and minerals have shown benefit for particular health issues,
but it is arguable whether they should be classified in the
same context as a supplement containing the majority of
the nearly 30 essential micronutrients.

MVM Nomenclature

In addition to determining a solid definition for MVMs, the
classifications of the different types of MVMs have been a
continuing conundrum for researchers. The sheer number
of different products available for various lifestyles and life
stages is still growing as new products are introduced onto
the market on a continual basis as evidenced by a recent
sales growth of 4.4% (7). The NIH Office of Dietary Sup-
plements (ODS) simply breaks down MVMs into different
categories such as “once-daily” or “specialized” depending
on their recommended frequency of intake or nutrient
doses in relation to daily values, RDAs, or adequate intakes
(4). Not only do MVMs fall into several different categories,
but they also are marketed by several different names such
as “multivitamins, multiminerals, multis, multiples and vita-
mins,” further complicating the cataloguing process and da-
tabase-building efforts (4). Formulators and manufacturers
may also add nonvitamin and nonmineral ingredients such
as herbs, botanicals, amino acids, fatty acids, and constitu-
ents from food (e.g., omega-3 fatty acids or lutein) to their
products. Additionally, they may also promote them for an
array of health issues such as eye health, energy production,
and healthy immune function (6). Because of the lack of a

standardized MVM definition, a product could be consid-
ered a MVM even if it includes a vast majority of nonvitamin
or nonmineral ingredients as long as it contains a few vita-
mins and minerals.

As part of the 2006 reauthorization of the Older Ameri-
cans Act, Congress provided the definition of a daily MVM
as “a dietary supplement that is in compliance with all appli-
cable United States government quality standards and pro-
vides at least 2/3 of the essential vitamins and minerals at
100% of the daily value amounts as determined by the Com-
missioner of Food and Drugs” (8). Although this definition
is still not as popular as the all-encompassing “3 vitamins or
more” definition still commonly used in research settings, it
is a definition that is much more scientifically useful and in-
formative for the purpose of addressing the 2010 DGAC’s
concerns for future MVM research.

Current Status of Knowledge

Many of the concerns from the 2007 NIH State-of-the-
Science Conference Statement about MVM supplements
and chronic disease are very similar to the concerns of the
2010 DGAC regarding future MVM research (1,6). In
2007, the NIH advisory committee performed a comprehen-
sive review of the available MVM research and cited 7 areas
where there were gaps in knowledge, shortcomings in data
quality, and improvements needed in methodology and
technology. Echoing 3 of these areas, the DGAC in its “Re-
port of the Dietary Guidelines Advisory Committee on
the Dietary Guidelines for Americans, 2010” (6)” explicitly
expressed the need for future research on MVMs with the
following aims: 1) conduct studies on the precision of self-
reported intakes of MVM supplements; 2) develop accurate
composition and bioavailability data across the multitude
of vitamin, mineral, and nutrient supplements, and evalu-
ate outcomes based on nutrient composition and bio-
availability within the MVM matrix; and 3) conduct
randomized controlled trials (RCTs) that rigorously test
health outcomes, including safety and risk assessment of
nutrient supplements in a diverse range of healthy popula-
tion groups.

Aim 1: Conduct Studies on the Precision of
Self-Reported Intakes of MVM Supplements
In addition to the discrepancies in defining an MVM, many
challenges and methodological issues impede the accuracy
of self-reported MVM use (9-11). These barriers include
factors such as communication and language issues between
researchers and participants, outdated survey methodology,
MVM labeling inconsistencies, and supplement database
incompleteness. The 2010 DGAC report shared the same
sentiment as the 2007 NIH State-of-the-Science Conference
Statement on MVMs, which suggested that to produce more
accurate MVM self-reports, future research opportunities
should “capitalize on new electronic technologies, design
and employ improved questionnaires, and develop new die-
tary and MVM recall methods, all to enhance accuracy and
specificity of reported MVM intake” (1).
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Language and communication improvements

One of the primary issues with self-reporting accuracy is
miscommunication between the examiner and examinee.
There is potential bias on both sides of the communication
process, with examiner bias potentially influencing results
(12,13) and with the examinee either not understanding
the question or not wanting to be fully honest with his or
her answers (12,14). The specific language on small-scale
questionnaires and large national surveys has also played a
large role in the communication (or miscommunication)
process involved in the accuracy of self-reporting. For exam-
ple, individuals may be supplementing with what has been
considered by many to be an MVM, (i.e., a supplement
with 3 or more vitamins and/or minerals, but both examiner
and examinee might not know that the product is techni-
cally considered an MVM because the supplement was mar-
keted and labeled for some other purpose such as promoting
cardiovascular health, memory, energy production, or im-
mune health (12,14). Another potential problem with sur-
vey language regarding supplements is that individuals
may not know what certain ingredients are in their MVM
if those ingredients have been labeled by their scientific
names and not their common or usual vitamin names
(i.e., pantothenic acid, thiamin, or riboflavin instead of their
B-vitamin designations).

In recent years NHANES researchers have thoughtfully
addressed a multitude of potential self-reporting pitfalls
and have greatly improved their overall methodology.
One of the fundamental changes to address these concerns
has been undertaken by the 2007-2012 NHANES (15), in
which for the first time participants were eligible for a
second 24-h dietary recall interview 3—10 d after their first
interview (8). This second recall was designed to correct
for accounting errors and discrepancies in the initial inter-
view and also give the researchers the ability to analyze the
data using weighted averages to further ensure the accuracy
of the data collected. The second recall also allowed for
extended contact and improved rapport between exam-
iners and examinees that could likely aid in better commu-
nication and trust building between the parties so that
typical consumers could be more comfortable giving hon-
est answers.

The NHANES group took further steps to ensure self-
report accuracy by upgrading its 2007-2012 Dietary Screener
Questionnaire in the household interview through in-
corporating additional information on supplement use. In-
formation on amount and use of supplements was collected
to coincide with the same 24-h time frame as food and bev-
erage intake, thus allowing researchers to more accurately
estimate total nutrient intake in that time period (8). Addi-
tionally, researchers began to attempt to physically identify
and record the specific dietary supplements reported by par-
ticipants. NHANES interviewers reported that they were
able to see the particular dietary supplement bottles and la-
bels in question to verify the accuracy of self-reports with an
85% success rate (2).
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Database improvements

Dietary supplement ingredient database 1. The 2007 NIH
State-of-the-Science Conference Statement on MVMs sug-
gested that new databases be built and continuously updated
for use by the research community to address data quality
issues (1). This suggestion directly addressed the same con-
cerns as the 2010 DGAC regarding more accurate self-
reporting. During the research and creation process of the
2010 dietary guidelines, the Dietary Supplement Ingredient
Database (DSID)-1 was just coming online (April 2009).
This new database was a collaboration of several federal
agencies, including the NIH ODS, USDA Agricultural Re-
search Service, CDC, and FDA. The database originally con-
tained the estimated amounts of 18 vitamin and mineral
ingredients derived from analytical data for 115 unspecified
adult MVMs. Its purpose was to provide a publicly available
dietary supplement database that could provide reliable esti-
mates of the ingredients in a host of dietary supplement pro-
ducts; analyze and compare amounts of ingredients to values
stated on supplement labels; and support improved dietary
intake assessments in research (16). MVM:s were the top pri-
ority type of supplements to be included in this database
because many national surveys, including the NHANES
2003-2006, revealed that MVMs were consumed by nearly
40% of those surveyed (17).

Before the release of the DSID-1, government-sponsored
supplement information was limited or undependable and
therefore not useful for individuals or health care providers.
The DSID-1 directly addressed 1 of the primary concerns of
the 2010 DGAC by making available more precise data
for both the general public and scientific researchers on
MVMs. Therefore, the database allowed for better precision
of self-reported intakes by both consumers and individuals
estimating nutrient intakes for MVM research surveys.

DSID-2. A major update to DSID-1, DSID-2, was released
in March 2012. DSID-2 included additional information
and corrected information on adult MVMs and also intro-
duced estimates for the ingredients in many popular chil-
dren’s MVMs (16). However, DSID-2 is not the only
supplement database available and has limitations. It is far
from a comprehensive database, and many technical and
standardization issues exist in how it defines MVMs. The
definition, “dietary supplements containing 3 or more vita-
mins,” is basic and broad (18). Although this definition
allows for the inclusion of more products in the database,
it also may include many products that are not marketed
or intended for use as an MVM. For example, certain pro-
ducts labeled as MVMs in the database may contain
no minerals at all, much less “multi” minerals. The “3 or
more vitamins” definition is also a far cry from the congres-
sional stance on MVMs stating that they “provide at least 2/3
of the essential vitamins and minerals” (5). Furthermore,
data were not made available for prenatal vitamins or for
important nutrients such as vitamin A, vitamin D, and chro-
mium in the database, although new studies have been
designed and implemented to address these issues (18).



Moreover, the DSID-2 MVM ingredient predictions are for-
mulated from the labeled amounts and their analytical lab-
oratory measurements but are not specific to any individual
supplement product or brand. Accordingly, the DSID-2 is
ideal for population-based studies but not useful for mining
information on the specific products used in those studies
(18). However, another new database known as the Dietary
Supplements On-Line Database (DSOL) is also in use to ad-
dress this issue.

DSOL. The DSOL is a sister database to the DSID-2 and
covers many of the areas that the DSID-2 was not designed
for. The DSOL was started in 2005 with funding from the
CDC’s National Center for Environmental Health and is
now part of the National Library of Medicine’s database sys-
tem (19). The DSOL contains label ingredient information
on thousands of specific national brands and was designed
to educate supplement consumers and researchers and assist
them with their queries. The particular supplement brands
in the database were driven by the latest NHANES data
and include products from retail stores, online sellers, and
practitioner-supplied products. The DSOL was developed
to be one of the largest centralized label databases of its
kind. It is also electronically linked to other important
health and safety Web sites and databases such as PubMed
and MedlinePlus so that consumers can be more properly
informed of their supplement usage (19). The DSOL does
not actually test any supplements, but it does provide a clear
and easy-to-use resource for checking the labeling of supple-
ment ingredients to ensure self-reporting accuracy on both
the consumer and researcher sides of the survey.

Although the DSID-2 and DSOL are stand-alone entities
that are housed by different groups and used to index differ-
ent types of information, their overall usefulness has been
somewhat limited by their lack of integration with each other.
In 2012, scientists from the ODS, USDA, CDC, FDA, and
NIH released a paper on the need for a uniform database sys-
tem for classifying dietary supplements and indexing their
ingredients (20). These experts from several different govern-
ment agencies borrowed from an existing food-based index-
ing framework called Langual and proposed modifications to
create an interface tool called the Langual Dietary Supple-
ment Structured Vocabulary. This interface allows for the col-
lection, classification, and sharing of supplement information
from various databases according to a dozen key “facets” such
as product type, ingredients, dietary uses, label claim, and
geographical region. Whereas the DSID-2 is a quantitative da-
tabase used for estimating nutrient intakes, the Langual Die-
tary Supplement Structured Vocabulary allows for deep
classification of MVMs based on their primary ingredients,
number of ingredients, source of ingredients, and many other
important descriptors that could be utilized for research pur-
poses. Although the creation and upkeep of this tool call for a
substantial time and resource investment and likely will only
include the most applicable data or facets necessary for each
supplement, it will greatly improve the accuracy of nutrient
intake estimates from surveys and self-reports.

The effort to improve accurate self-reporting is far from
complete, but the science has come a long way since the
2010 DGAC called for improvements. From upgraded
survey design and better communication techniques to im-
proved databases and database interfaces, the self-reporting
data are becoming easier to decipher and incorporate into
understanding how MVMs affect the health and diet of dif-
ferent populations, particularly those populations at risk of
deficiencies in nutrients of concern as noted by the 2010
DGAC.

Aim 2: Develop Accurate Composition and
Bioavailability Data Across the Multitude of
Vitamin, Mineral, and Nutrient Supplements,
and Evaluate Outcomes Based on Nutrient
Composition and Bioavailability Within the
MVM Matrix

Accurate composition of MVMs. A second major concern
of the 2010 DGAC was to address the lack of data on the ac-
curate composition and nutrient bioavailability of MVMs.
Although this task is of utmost importance for understand-
ing the benefits of supplemental nutrition, it is exceedingly
more difficult than it may seem. To get accurate bioavailabil-
ity information from commercially available MVMs, re-
searchers must first depend on the label claims of those
products. However, the actual nutrient amounts in a pro-
duct can vary and differ from the values stated on the label
(10). USDA measurements on numerous MVMs have re-
vealed that certain vitamins such as folic acid and riboflavin
average >13% from their stated label claims, whereas min-
erals such as iodine and selenium demonstrate greater vari-
ance, at a >25% difference from their stated labels (15).
Independent researchers have also found variation within
batches and between batches of the same products (1), but
this issue may be somewhat dependent on when the product
was tested in relation to when it was manufactured and may
also be affected by environmental exposure through the sup-
ply chain.

Although the variability of vitamins and minerals in
MVMs can often exceed 10-20% for each particular nutri-
ent (5), these numbers are to be expected because certain
nutrients may degrade over time. To address the issue of
degradation, manufacturers often add a buffer amount of
nutrients, called overage, so that the dietary supplement
will provide adequate amounts to consumers throughout
the duration of an extended shelf life, which is required by
regulation. Regarding this matter, the FDA mandates that
“Class I nutrients,” or those nutrients added in fortified or
fabricated foods, inclusive of vitamins, minerals, protein, di-
etary fiber, or potassium, must be present at 100% or more
of the value declared on the label during the entire shelf life
of the product (21). However, this practice can lead to po-
tential inaccuracies in labeling, which sets the stage for inac-
curacies in the science based on those labeled values if
researchers do not apply the predicted difference provided
by the DSID-2 to make adjustments to the stated label claim.
For example, inaccurate label data that have not been
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adjusted using the DSID-2—predicted differences affect the
accuracy of bioavailability data and self-reporting. Further-
more, the effectiveness of supplement label databases (e.g.,
DSOL) (1) is limited if not used in conjunction with the
DSID-2.

Bioavailability of MVMs. At the time of the DGAC’s rec-
ommendations for further investigation into bioavailability
research, no standardized definition for “bioavailability” re-
garding supplements existed (12). The makeup and metab-
olism of supplements vary considerably from those of foods
and drugs, so the standard definitions of “bioavailability”
used in those fields could not be successfully borrowed
and applied to supplements. For example, supplements
such as MVMs differ from natural foods, pharmaceuticals,
and even other MVMs in their matrices, nutrient combina-
tions, and nutrient compositions (5), all of which can affect
bioavailability. Many bioavailability studies exist for foods
and single-nutrient supplements; however, very few exist
specific to the MVM matrix.

One of the particular reasons that a definition of “bioa-
vailability” has been so elusive is that the nutrients in sup-
plements are absorbed and utilized differently from whole
foods, which contain a “food matrix” that needs to be bro-
ken down to release the nutrients from their macronutrient
ensemble. However, this process does not necessarily occur
for the nutrients added to fortified and processed foods,
which may or may not share similar bioavailability charac-
teristics to MVM supplements (22,23). The bioavailability
of supplements also differs from that of pharmaceuticals be-
cause a major focus of drug bioavailability is not only a
drug’s absorption but also its utilization. However, Heaney
et al. (16) pointed out that nutrients differ from drugs in
that “for many nutrients, utilization is a function of the nu-
tritional status and physiological state of the subject. The
same nutrient will be utilized in some individuals and not
in others.” This same theory also applies to the bioavailabil-
ity of nutrients in food, which also differs from the bioavail-
ability of pharmaceuticals in many respects. So although it
may be ideal to define the bioavailability of MVM similarly
to that of a food or drug, the existing definitions need to be
modified to ensure the accuracy of the science regarding
supplements (12).

Additional factors hindering bioavailability research are
that some vitamins can be made synthetically (i.e., natural
source vitamin E as RRR-a-tocopherol vs. synthetic all-race-
mic-a-tocopherol), potentially altering their absorption.
Furthermore, many vitamins and minerals come in several
different forms or compounds (e.g., vitamin C as ascorbic
acid, Ester-C, sodium ascorbate, ascorbyl palmitate) with
varying degrees of bioavailability. With all of these variables
taken into account, it cannot be assumed that the same
amount of vitamin or mineral in an MVM will be absorbed
to the same degree as another. There is also a potential for
variations in the bioavailability of supplements if they use
different forms (i.e., liquid, powder, tablet, capsule, softgel)
or competing or synergistic combinations of nutrients and
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non-nutrients (e.g., vitamin D, calcium, vitamin C, iron,
zinc, copper, and fiber are all known to encourage or inhibit
the bioavailability of other nutrients).

The FDA has been using the term “bioequivalence”
for decades to roughly compare the similarities in bioavail-
abilities and pharmokinetics between 2 proprietary prepara-
tions, but this term generally is not used in the supplement
industry because it necessitates human clinical trials and is
also not very applicable when dealing with multiple vitamins
and minerals found in an MVM. However, the premise of
measuring bioequivalence is ideal to supplement researchers
because it takes into account the intersubject variation in the
absorption of different vitamins and minerals. An appropri-
ate modification to this methodology was investigated in
2009 through an NIH-sponsored workshop with the goal
of creating a standardized set of data that would aid con-
sumers and health care practitioners in becoming more
informed about supplement bioavailability. The selected
group of experts suggested a way of dealing with bio-
availability data from clinical studies that rests largely on
interpreting AUC measurements that include inherent inter-
subject variation and may give misleading results. The ex-
pert panel suggested incorporating specific terminology
regarding the ability of a nutrient to be absorbed based on
its available reported means and SDs. Based on this meeting,
Kagan et al. (24) authored an article suggesting the use of the
term “reliable” bioavailability to represent those supple-
ments that are reliably absorbed in 84% of the study popu-
lation, whereas “universal” bioavailability would represent
those supplements that were well absorbed by 98% of the
population. These claims would be dependent on an “inclu-
sion” value that would be determined as the lowest absor-
bance value that still includes 84% (all values above the
low SD) or 98% (all values above 2 SDs below the mean)
of the results from all patients. Although the FDA system
of bioequivalence and the newly proposed reliable/universal
system both take into account intersubject variation, the
statistics behind the reliable/universal system is more infor-
mative because it is focused on how supplements are biolog-
ically different, not just on how the FDA determines that
they are biologically equivalent.

In addition to updating the definition of “bioavailability”
to be more applicable to supplements, the analytical tech-
niques allowing for collection and interpretation of the bio-
availability data on MVMs need further attention from
researchers (25). Before the 2010 DGAC’s decision to focus
on attaining more research on MVMs, the bioavailability data
on different MVM formulations for use in humans were rel-
atively scarce (26). However, it is becoming clearer that MVM
supplements can improve the micronutrient status of at least
some of the ingested vitamins and minerals in certain at-risk
populations as evidenced by the current research (27-30). Re-
cent findings on individual nutrient supplements such as folic
acid and zinc have also shown their efficacy for improving
micronutrient status in humans (26,31).

In 2007, Dwyer et al. (25) expressed concerns that re-
searchers lacked appropriate and cost-effective analytical



techniques for determining the status of vitamin D, vitamin
B-12, and folate in humans. These same concerns were still
resonating years later and were also addressed by the 2010
DGAC report (6). Vitamin D, vitamin B-12, and folate,
which are often present in MVMs, pose numerous problems
for scientists using in vivo analytical assessments in human
participants. In support of these findings, NHANES re-
searchers have continued to make specific strides toward ad-
dressing and improving methodology issues regarding the
bioavailability of these micronutrients. In July 2010, around
the same time that the 2010 DGAC report was released, a
roundtable discussion consisting of nearly 3 dozen experts
and scientists was held to determine the proper actions to
take regarding vitamin B-12 and folate-related biomarkers
for future NHANES research. One of the main drivers of
this meeting was the issue that from 2006 to 2010, NHANES
researchers had stopped measuring vitamin B-12 status and
its related biomarkers because of methodology concerns
(32).

To address previous problems with the sensitivity and
specificity of assays used for determining vitamin B-12 sta-
tus, the panel decided to recommend a dual approach to
measure for at least 1 biomarker of circulating vitamin
B-12 and also 1 functional biomarker (32). The group also
compared different folate bioassays from previous NHANES
years and suggested data modifications based on their differ-
ences and also recommended improvements to the current
procedure for determining folate status, to be further dis-
cussed and developed (33). These newly reinstated measures
along with suggestions for improved methodology will allow
for better tracking and understanding and interpretation of
the bioavailability data on MVMs containing vitamin B-12
and folic acid. Other bioavailability improvements have
also been made to the adult MVM data in the DSID-2
regarding the analytics of its vitamin data. In light of new bi-
oavailability evidence regarding vitamin form (hydrochlo-
ride vs. free form), statistical adjustments were released in
2012 for both thiamin and vitamin B-6. These calculation
adjustments were necessary to optimize the data based on
improved final regression estimates (18). The newly updated
information allows for a more accurate assessment of spe-
cific ingredient intakes from MVMs and further improves
the state-of-the-science regarding these vitamins for use in
informing public health policy.

Additional research by Maki et al. (26) on the bioavaila-
bility of a 1000-ug acute dose of folic acid tested folate ab-
sorption between different oral forms (softgel vs. tablet) and
vitamin and mineral combinations (folic acid vs. MVM with
11 other micronutrients). In this randomized crossover trial,
absorption between the different supplements appeared
comparable because total mean serum folate concentrations
were similar. The only major difference between the supple-
ments was a slight time delay for the MVM softgel to reach
its peak, suggesting that supplement form may not always be
a major determinant of supplement function. Another RCT
involving folate indicated that daily MVM supplementation
leads to substantially increased blood concentrations of

folate and vitamin B-12 after 8 wk in older men. In this
study there was also a subsequent reduction in homocyste-
ine concentrations, further demonstrating the ability of
these MVM nutrients to be functionally utilized for address-
ing specific health needs (27).

To better understand and account for external factors
that influence the bioavailability of supplements, NHANES
has taken the approach of recording data on antacid use co-
inciding with their food and supplement data. This ap-
proach may be in light of recent evidence that antacid use
potentially alters the bioavailability of many drugs and nutri-
ents (34,35). Collecting supplement, antacid, and food data
for the same 24-h period may also allow researchers to take
into account information on bioavailability and absorption
on foods containing certain antinutritive properties such
as phytates (36) and oxalates (37) as well as certain fibers
(38) that can interfere with nutrient absorption. On the
other hand, in addition to the scientific information that
was already available on specific foods that may help in-
crease the absorption of certain nutrients such as the ability
of citric acid and ascorbic acid in orange juice to facilitate
absorption of iron from various inorganic salts (e.g., Fe sul-
fate, Fe gluconate, Fe phosphate, Fe lactate, Fe fumarate)
(39), new dietary research is constantly becoming available
showing that combining certain foods such as garlic and on-
ions with grains may actually be beneficial for the absorp-
tion of certain nutrients such as iron and zinc in these
foods (40).

Although the bioavailability information on single doses
of individual vitamins and minerals is fairly well established,
the bioavailability of MVMs is slightly more complex be-
cause of various nutrient-nutrient interactions. The stan-
dardization of testing for MVM bioavailability may prove
difficult indeed, because each micronutrient is unique in
its bioavailability characteristics. However, the bioavailabil-
ity research has made impressive strides since 2010
(18,24,26,28,29,41). Although more research of this nature
is necessary to better understand the differences in absorp-
tion kinetics of MVM ingredients and their various formu-
lations and encapsulation techniques, the recent research
has added key information to the understanding of the gen-
eral science underlying MVM bioavailability.

Aim 3: Conduct RCTs That Rigorously Test
Health Outcomes, Including Safety and Risk
Assessment, of Nutrient Supplements in a
Diverse Range of Healthy Population Groups
Before the 2010 DGAC report, the 2007 NIH State-of-the-
Science Conference Statement on MVMs specifically men-
tioned the lack of well-designed RCTs on chronic diseases
and MVM use and regarded it as a knowledge gap (1). Al-
though there has been a long history of safe use and several
large, well-designed epidemiological studies on MVMs and
disease, relatively limited information is available on their
safety and efficacy, especially in healthy populations. During
their investigations into MVMs in 2007, NIH-sponsored re-
searchers found only 5 RCTs on MVMs and chronic disease
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that met their specific criteria to include in their report
(42—-46). RCTs are considered the gold standard for forming
public policy about the absorption and functional benefit of
food and nutrient supplementation. These types of studies
often require more invasive actions and resources than other
types of valuable research, but they also tend to yield direct
and evidence-based information on cause-and-effect relations
between nutrient supplementation and specific outcomes.
However, many of the previously accepted diagnostic bio-
markers are no longer considered valid, and many of the
contemporary biomarkers have not been accepted or rec-
ognized by the medical communities or regulatory author-
ities. Thus, nutrition policy based on single biomarkers or
datasets flush with biomarker inconsistencies can be chal-
lenging. Although RCTs are only 1 type of study that adds
to the body of knowledge about health and disease, the
2010 DGAC made a specific point to address the need for
more RCTs above any other type of research to help scien-
tists better understand the cause-and-effect relations between
consuming MVMs and health promotion and disease
prevention.

In 2007, a majority of the RCTs available on MVMs
focused on unhealthy or diseased populations, and most
were performed on non-United States populations. Almost
all of the available studies used different MVMs, controls,
and inclusion criteria such as age range, BMI, and dietary
habits. A major scientific limitation to extracting meaningful
conclusions from these data is that there is no way to com-
bine the data to get a better understanding of the overall
efficacy of MVMs, which leaves substantial gaps in the un-
derstanding of how MVMs affect health and disease in dif-
ferent populations. Three years later, after the 2007 NIH
consensus conference, the 2010 DGAC report also men-
tioned many of these same issues regarding the lack of com-
pleted RCTs necessary to help inform public policy
decisions. Therefore, the committee specified that future
RCTs should also focus on a diverse range of healthy popu-
lations (6).

In the years since the 2010 DGAC made its recommenda-
tions on RCTs, several new studies were completed and pub-
lished that investigated MVM use in both healthy and
unhealthy populations (Table 1). These studies were found
in PubMed, Embase, ClinicalTrials.gov, Cochrane’s Registry
of Clinical Trials, and Cochrane’s Registry of Systematic
Reviews by using combinations of the search terms “ran-
domized,” “multivitamin,” “multimineral,” and “multiple
micronutrient” and dates between March 2010 and May
2013. The search focused on original research, systematic re-
views, and meta-analyses of RCTS. RCTs were included only
if they used an MVM supplement that provided at least
two-thirds of the essential vitamins and minerals at 100%
of their daily value amounts. Systematic reviews and meta-
analyses were included if they contained an RCT that fol-
lowed this definition; however, many of the observational
studies in these reviews did not necessarily adhere to this
definition but still provide valuable information on a range
of MVM research.
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Using the much more specific and descriptive MVM def-
inition put out by the 109th Congress in 2006 (8), several
studies have been completed and published since the
DGAC prepared its 2010 statement on future MVM re-
search. The RCTs currently available range from those
studying several dozen to several thousand participants
and have investigated a host of different supplements, pop-
ulations, measurements, and biomarkers. The current stud-
ies on both healthy and unhealthy populations have helped
researchers better understand the implications and limita-
tions of MVMs on the brain and body. Although more
work is needed in this area before definitive dietary guide-
lines are produced on the relation of MVMs to general health
in already healthy populations, research suggests that taking
MVMs poses no harm to health and may help fill nutrient
gaps for several shortfall nutrients.

The recent research on healthy populations has been fo-
cused largely on studies involving brain health concerns
such as cognitive function, memory, and stress. Although
the MVMs in RCTs vary (Table 1), they were selected to in-
clude 10 or more vitamins and/or 10 or more minerals, al-
lowing for a better understanding of how a full-spectrum
MVM supplement intended for daily use and not marketed
for any one particular condition can affect mental health and
functioning. In addition, selected systematic reviews and
meta-analysis papers offer for a fuller picture of the state
of the science, even though many of these publications did
not specifically mention what type of MVM supplement
was used (Table 1).

Mental health RCTs. Multiple Australian researchers have
answered the DGAC calls for more RCTs on MVMs in
healthy populations by producing impressive amounts of
data spanning several studies in this area. Three different re-
searchers showed some conformity by using the same MVM
line (Swisse Ultivite) to conduct separate RCTs on mental
health in relatively healthy and diverse populations. Sarris
etal. (47) investigated the effects of 16 wk of daily MVM sup-
plementation on a healthy, young (20-50 y), mixed-gender
population in Australia and saw improvements in mood
(P =0.027) and increased energy concentrations (P = 0.022)
in both males and females. Experimenting with the same
brand of MVM supplements, Harris et al. (48) discovered
that daily MVM supplementation in older men (50-69 y)
was associated with substantially decreased (P = 0.033) de-
pression, anxiety, and stress scale scores along with improve-
ments in alertness and “general well-being” after 8 wk. Using
a similar study design, the same group also found substan-
tially improved measures in the specific area of contextual
recognition memory (P < 0.05), but not in other measures
of memory performance (27). However, further research
from the Macpherson group also used the Swisse Ultivite
brand and provided evidence that 16 wk of daily consump-
tion of an MVM in elderly women with memory complaints
could improve spatial working memory (P < 0.05) and in-
crease measures of neural efficiency (P = 0.007) (49,50). Ho-
mocysteine concentrations were also reduced (P < 0.05) in
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TABLE 1 (Continued)

Results compared with placebo

Myocardial Infarction: no significant

Major CVD events: no significant difference
difference

Study location
United States

Supplement (micronutrients)

Centrum Silver (13 vitamins, 16 minerals,
and lutein and lycopene)

Study design

RCT: 14y, 14,641 male United States
physicians with mean age of 64y,

N
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including 1732 with a history of CVD

CVD mortality: no significant difference

Total cancer incidence: decreased (P

0.04)

United States

Centrum Silver (13 vitamins, 16 minerals,

RCT: 14y, 14,641 male United States

Cancer (60)

Prostate, colorectal cancer: no significant

difference

and lutein and lycopene)

physicians with mean age of 64y,

including 1312 with a history of cancer

Cancer mortality: no significant difference
Breast cancer risk: no significant difference

International

Variable (no data given on supplement

Meta-analysis of 2 RCTs and 3 cohort and

Breast cancer (64)

ingredients).

3 case-control studies:

Inclusion criteria based on frequency of

MVM intake =7/wk)
Variable (supplement criteria not clear)

355,034 women aged 20-83 y

Occurrence and severity of cancer: no

International

Meta-analysis of 4 RCTs and 8 cohort and

Prostate cancer (65)

significant difference

2 case-control studies:

>1 million adults
Meta-analysis of 21 RCTs: 91,074 adults

International All-cause mortality: no significant difference

Variable (no data given on supplement

Mortality (66)

Mortality from vascular causes, cancer:

no significant difference

ingredients). Inclusion criteria based on
frequency of oral MVM intake (=1y)

with mean age of 62 y

' CVD, cardiovascular disease; DBP, diastolic blood pressure; FFM, fat-free mass; MVM, multivitamin/multimineral; RCT, randomized controlled trial; RDI, recommended daily intake; REE, resting energy expenditure; SBP, systolic blood pressure; TC,

total cholesterol.

1 of the studies (49), suggesting that there may be multi-
ple and seemingly unrelated benefits to consuming a daily
MVM for an elderly population with self-proclaimed
memory issues.

MVM research from the United Kingdom on healthy
patients has also included studies on mental health. Has-
kell et al. (51) used a Supradyn MVM to test the cognitive
function and fatigue of 25- to 50-y-old females during an
extended multitasking exercise. The participants dis-
played improvements (P < 0.05) in mathematical process-
ing, multitasking accuracy, and performance speed after
9 wk of supplementation compared with a placebo. More
recent research from the United Kingdom has focused
on the mental health issues of aggression, impulsivity,
and stress (52). Young adult men with a mean age of 21
y were given daily Centrum Advance 50+ for 12 wk and
then asked to perform a battery of tests to gauge their re-
sponses to frustrating tasks, aggression, and stress scales
and impulsivity paradigms. Results showed that taking a
daily MVM indicated a trend in the ability to reduce per-
ceived stress in these patients (P < 0.07) but had no effect
on their aggression or impulsivity behaviors. An RCT by
Perlman et al. (53) examined the academic performance
of 684 healthy, American, school-aged children who
were taking a children’s chewable MVM. The researchers
found no substantial differences between the MVM and
placebo group in any measure of academic performance,
including standard achievement tests, grade point aver-
ages, and school absences.

In 2012, Grima et al. (54) performed a systematic re-
view and meta-analysis of 10 RCTs, pooling the data
from >3000 participants to investigate the influence of
MVMs on mental functioning and cognitive perfor-
mance. The researchers found that only certain aspects
of mental performance such as immediate free recall
memory were improved (P < 0.01), but other aspects
were either not affected or understudied. Long et al.
(55) produced a similar meta-analysis in 2013, focusing
on the mental health areas of mood and stress. This anal-
ysis included 8 RCTs and reported that MVM supplemen-
tation substantially reduced anxiety (P < 0.001), perceived
stress (P = 0.001), and even some mild psychiatric symp-
toms (P = 0.001) but did not produce a noticeable effect
on depression.

Chronic disease RCTs. Many observational studies on
MVMs have provided evidence for their associations
with reduced chronic disease risk, whereas other studies
have shown no effect or even slightly elevated risk of cer-
tain ailments in at-risk populations (56-58). However,
because of the lengthy time component and multiplicity
of variables involved in chronic disease development,
very few RCTs have investigated these relations in
healthy populations. An additional obstacle for RCTs on
MVMs and chronic diseases in healthy populations is
that healthy people usually eat healthier and also have
healthier lifestyles than unhealthy or sick populations,



resulting in skewed results and conclusions that are not al-
ways directly applicable to the people who need it the most.

Although the 2010 DGAC specifically called for new RCT
research on healthy populations, there has also been a call
for research on populations with chronic diseases and other
health issues (1). One of the most prominent post-2010
RCTs on MVMs is the Physician’s Health Study II, which in-
vestigated the effects of daily MVM use (Centrum Silver) on
cardiovascular disease (CVD) (59) and cancer (60), the 2
leading causes of death in the United States. This particular
trial was impressive because it tracked >14,500 middle-aged
male patients for more than a decade and also specifically
analyzed their data by special population subsets with a his-
tory of CVD and cancer. The results of the CVD research in-
dicated that daily MVM had no substantial effect on heart
attacks, strokes, or mortality rates in middle-aged male phy-
sicians both with and without a history of CVD. However,
the authors acknowledged that CVD studies in this particu-
lar population may be misleading because the individuals
tested had much more knowledge about the importance of
protecting their hearts than the average American. The
majority of the participants in the study was also on daily
aspirin regimens and had unique access to premiere cardio-
vascular medications.

Another recent RCT also investigated a Centrum MVM
on CVD markers. However, this research was conducted
on 128 obese, 18- to 55-y-old Chinese woman with in-
creased risk of CVD. The results from this trial were pub-
lished in 2 different articles. One study was published in
2009 and was available for review by the DGAC before sub-
mitting its findings in 2010. It showed that the MVM group
had substantially lower blood pressure and C-reactive pro-
tein concentrations compared with the placebo group after
26 wk (P < 0.05) (61). The other study was published in
March 2010 just after the DGAC submitted its findings
and demonstrated that MVM supplementation was associ-
ated with substantial reductions in body weight; body fat;
total and LDL cholesterol, with concomitant increases in
HDL cholesterol; and resting energy expenditure (P <
0.05) (62). Although the number of participants and trial
length varied enormously between the Physicians Health
Study II and the Chinese study, the immense difference in
outcomes between the 2 studies shows just how different re-
sults can be when testing extremely different populations.
Further evaluation of the baseline health characteristics of
study participants in large RCTs and their division into sub-
populations based on disease status would be beneficial to
understanding the discrepancies in the outcomes between
these types of studies.

The cancer-related results from Physician’s Health Study
IT were important because MVMs led to substantial reduc-
tions in total cancer incidences in men without a history
of cancer (P = 0.04) and in men with a history of cancer
(P =0.02), but not in cancer mortality. These results suggest
that MVMs could help some people reduce the risk of devel-
oping cancer but not necessarily help them survive once the
disease was diagnosed (60). The results also showed no

substantial reductions in 2 of the most common male can-
cers: prostate and colorectal cancer. However, it is important
to note that prostate cancer testing improved tremendously
during the time period of this study as the more sensitive di-
agnostic method known as prostate-specific antigen screen-
ing began to be highly promoted by the medical community.
The new method resulted in >1 million additional cases of
prostate cancer in that timespan in the United States that
should have been echoed in the study population (63).
However, the prostate cancer rates in the Physician’s Health
Study II population did not have a similar or noticeable in-
crease, suggesting the potential for a protective effect on
prostate cancer from the MVMs the participants were
taking.

In contrast, a 2011 meta-analysis by Chan et al. (64) eval-
uated 8 breast cancer studies, including 3 RCTs and concluded
that MVMs did not appear to have an effect on breast cancer
risk. Even though this analysis included >350,000 women,
the researchers determined that more RCTs were necessary
in this area. A similar gender-specific meta-analysis was con-
ducted by Stratton et al. (65) in 2011. The researchers eval-
uated the results of 14 clinical studies, including 4 RCTs
involving prostate cancer and also found no connection be-
tween cancer occurrence or severity and MVM use. However,
the researchers noted that certain unidentified population
subsets may be more affected than the general populations
they studied.

Another major study of the effects or lack of effects of
MVMs on human health was revealed by a systematic review
and meta-analysis of 21 RCTs authored by Macpherson and
colleagues (66) in 2013. This analysis concluded that MVM
supplementation did not have any substantial effects on the
all-cause mortality of 91,074 elderly adults, nor on their
mortality rates from vascular or cancer-related causes. How-
ever, this analysis spanned decades, countries, ages, and
health conditions as well as MVM consumption habits. It
also did not specify exactly which MVMs were being con-
sumed, when they were consumed, or whether they were
consumed on a daily basis, so it cannot be accurately deter-
mined whether these results would hold up if all of these
variables had been controlled for.

Several other recent MVM RCTs have also been com-
pleted that fall outside of the DGAC’s inclusion criteria
but show the value of taking an MVM nonetheless. They re-
searched pregnant women regarding both maternal and ne-
onate health (28,67) as well as HIV-infected children in
Uganda (29,68,69). These studies used MVM supplements
with 10 or more vitamins and/or minerals but investigated
very specific indicators of health and disease such as diar-
rheal morbidity, CD4" immune cell counts, and nutrient
concentrations in follicular fluid. These studies produced
mixed results, but all individuals appeared to tolerate the
MVMs and showed no consistent negative effects from sup-
plementation. Many more recent RCTs have been conducted
that fit the 2010 DGACs call for new MVM research, but
their MVM definitions did not fit the criteria established
for this review (70-77).
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In summary, though there is not uniform agreement
about the benefit of MVMs, recent RCTs have provided ev-
idence that MVMs containing 10 or more vitamins and/or
minerals may improve a vast array of health factors and re-
duce several disease risks with very little safety concerns. In
addition to potentially reducing some risks associated with
the onset of some chronic noncommunicable diseases, vita-
mins and minerals are able to fill nutrient gaps and therefore
can reduce states of nutrient insufficiency or deficiency
in ways that many pharmaceuticals and poor dietary pat-
terns cannot. Yet, currently, there is no effective means for
reconciling the variable differences among studies in MVM
ingredient combinations, quantities, qualities, and bioavail-
abilities. These issues have stymied the science behind the
policy-making decisions on the safety and efficacy of many
potentially beneficial recommendations for both special
populations and the general public. It is apparent that a bet-
ter standardized set of definitions and methodologies is
needed for MVM research so that different products and
different study results can be properly compared, combined,
and cross-referenced with an appropriate underlying or uni-
fying theme. Future dietary supplement research should
continue to investigate the effects of MVMs on diverse pop-
ulations. Research efforts should include some uniformity
in study design to produce results that can be utilized for
improved and effective policy decisions.

Although many past large-scale observational studies
have shown only mixed effects of MVM supplementation,
there have likely been too many confounding variables
such as variations in populations, dose, frequency, and num-
ber of included nutrients to accurately assess their effects.
The lack of insightful observational and clinical data led
the 2010 DGAC to declare the information on MVMs as
limited. However, the DGAC’s call for more clinical research
to help it prepare statements for the 2015 guidelines has been
admirably answered by several researchers hailing from a
wide range of research areas. In light of all the recent RCTs
on MVM use in healthy and chronically diseased populations,
it appears that stronger and more consistent evidence is needed
to readdress the previous DGAC stance on MVMs.

Whereas the 2010 DGAC claimed at the time that studies
found limited evidence to suggest daily MVM use as benefi-
cial for the prevention of chronic diseases, those studies of-
ten used MVMs containing only 3 or more vitamins or
minerals. However, many recent studies using 10 or more vi-
tamins and/or minerals have characteristically shown a mild
to moderate beneficial effect on the reduced risk of develop-
ing chronic ailments ranging from cognitive impairments to
the most deadly chronic conditions of cancer and CVD. In
addition, a recent large-scale RCT, the Physician’s Health
Study II, showed modest and null effects of MVMs on can-
cer and CVD, respectively. Interestingly, this large RCT con-
sisted of individuals who were highly educated, affluent,
and health conscious, so the “modest” effects seen in this
“abnormally healthy” population could potentially translate
to substantial public health benefits for the general “less
healthy population.

654 Comerford

All the MVM RCTs conducted on healthy individuals in
the past few years focusing on adult mental health, memory,
and cognition had numerous positive results and potential
benefits for both healthy and slightly memory impaired
populations. According to these studies, “moderate” to
“strong” evidence is emerging that MVMs should be consid-
ered as part of the first line of defense in these populations
against the recently recognized wave of mental health issues
such as anxiety, stress, depression, and cognitive or memory
complaints (27,47-52). Medical professionals and our na-
tion as a whole are becoming more aware of the importance
of addressing mental health issues before they become prob-
lematic, and the use of MVMSs has shown promise for aiding
many aspects of mental health and well-being.

In regards to the 2010 DGAC’s findings that there was
“limited” evidence for MVMs to help reverse chronic disease
when used by special or “unhealthy” populations, there now
appears to be “moderate” evidence suggesting that supple-
ments containing combinations of certain nutrients are
beneficial in reducing chronic disease incidence when used
by special at-risk populations. Daily MVM supplement use
with vitamin and mineral doses near the RDA and adequate
intake have been reported to be extremely safe across the
clinical studies to date. Taking all of these studies into ac-
count, it appears that MVMs may be considered a true
ally for special populations in the fight against nutrient
shortfalls.
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