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Abstract: Micronutrient deficiencies occur in segments of the adult population in the United States.
Multivitamin/multimineral supplements (MVMS) are widely used by this population, which reduces
inadequacies in micronutrient intake, but the potential for exceeding tolerable upper intake levels
in others should be considered. There are concerns associated with the excessive intake of certain
nutrients, particularly folic acid, and potential untoward consequences. The advent of nutrigenomics
and the enhanced ability to directly study the interactions between nutrition and genetic variants
and expression will allow for the conduct of more targeted studies with specific endpoints and
may ultimately lead to progress in the field of personalized nutrition. The role of MVMS in health
maintenance and chronic disease prevention remains controversial. Conducting studies in this area
has been hampered by, among other factors, inconsistent definitions of MVMS, ranging from as
few as three vitamins to broad-spectrum products containing more than two dozen vitamins and
minerals. Results from some observational studies and large-scale, randomized, controlled trials
suggest that MVMS may reduce the risk of some forms of cancer and, potentially, cardiovascular
disease. The ongoing COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is expected
to build on this research and provide additional insights into these areas.
Keywords: dietary supplement; nutrigenomics; deficiency diseases; micronutrients; nutrition;
multivitamin

1. Introduction
The World Health Organization has estimated that more than 2 billion people worldwide
experience deficiencies in the intake of essential vitamins and minerals [1]. In the United States
(US), a number of shortfall nutrients have been identified in the general population as described by
the Dietary Guidelines Advisory Committee to the US Departments of Health and Human Services
and Agriculture, which include vitamins A, C, D, and E and choline, calcium, magnesium, iron,
and potassium [2]. Further, deficiencies in calcium, potassium, dietary fiber, and vitamin D are
considered to be of public health concern based on their demonstrated role in health maintenance
combined with their known low intake levels. Indeed, consistent with earlier reports, a recent
analysis of National Health and Nutrition Examination Survey (NHANES) data indicates that a
substantial number of individuals have intakes of these nutrients from dietary sources that fall below
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the Estimated Average Requirement (EAR) [3–5]. These dietary shortfalls occur despite the wide
use of dietary supplements [6–8]. However, dietary supplements are often used by individuals who
already have nutrient-rich diets. In particular among older women, multiple supplements can be
used, which can increase the potential for oversupplementation and excessive nutrient intake [7,9].
Multivitamin/multimineral supplements (MVMS) are the most commonly utilized supplements
among US adults, although their use overall has declined in recent years, from 37–40% in 1999–2006 to
31% in 2011–2012 [6].
The objective of this review is to summarize presentations on the patterns of MVMS use among
adults from a scientific session of the American Society for Nutrition at the Experimental Biology 2017
Conference in Chicago, IL, USA. The session reviewed the role of MVMS and described evidence
from observational studies and randomized, controlled trials that evaluated the effects of MVMS on
chronic disease outcomes. The evolving field of nutrigenomics and its influence on the application of
personalized nutrition was also discussed.
2. Role of MVMS in the US Diet
Approximately half of all US adults take some form of dietary supplement, with vitamin and
mineral supplements accounting for a substantial portion of total use [6,9]. Despite a recent apparent
decrease in MVMS use overall, the most recent NHANES data (2011–2014) suggest that 34–49% of
older adults regularly take an MVMS [10]. As of April 2017, the Dietary Supplement Label Database of
the US National Institutes of Health Office of Dietary Supplements and National Library of Medicine
listed 1404 different vitamin/mineral products containing the word “multi” [11].
Estimating the use and evaluating the benefits and risks of MVMS in observational studies
and controlled trials is complicated by a lack of a consistent scientific or regulatory definition
of these over-the-counter products [12]. Definitions of MVMS vary according to investigators,
professional organizations, and manufacturers. For example, different NHANES analyses have
included MVMS products containing ≥3 vitamins, ≥3 vitamins plus ≥1 mineral, and ≥9 or ≥10 total
micronutrients [4,6,9,13,14]. The Older Americans Act Amendment of 2006 proposed that an MVMS
should contain at least two-thirds of vitamins and essential minerals and provide 100% of the Daily
Value (DV) for the intended life stage [15], but official definitions of MVMS continue to evolve [16].
Some MVMS are formulated to contain approximately 100% of the DV for as many as 30 vitamins and
essential minerals [17–19], while other products have been designed to address a particular health
problem, such as those used for maintaining eye health in older adults [20]. Notably, the health
claims of dietary supplements are regulated as foods, not as pharmaceuticals, by the US Food and
Drug Administration (FDA) [21]. These definitions also do not generally account for micronutrient
inadequacies or needs based on factors such as age, health status, or dietary pattern, which are each
pertinent considerations when formulating an MVMS in the context of personalized nutrition.
In reports analyzing NHANES data, the most common reasons cited by consumers for using
an MVMS were to maintain or improve overall health, prevent health problems, and promote bone
or heart health [10,22]. In these two studies, only 22% of individuals reported using these products
specifically to supplement their diets. Importantly, individuals with healthier lifestyles were shown
to be more likely to use MVMS [22], and analyses of NHANES data from 2003 to 2006 found that
supplement users had comparatively higher intakes of most vitamins and minerals from their dietary
choices alone than did those who reported not using supplements [7,8]. These factors can lead to
intakes exceeding the tolerable upper intake level (UL) in some users, while those who are not reaching
adequate intake levels from their diets are also less likely to be using dietary supplements to reach
those levels.
Given the potential of micronutrient inadequacies or deficiencies in certain segments of the adult
US population [3–5], approaches to addressing these issues, beyond general nutrition education,
should be considered. Deficiencies in micronutrient intake are related to the socioeconomic status, with
a significant association being observed between income and micronutrient intake, as well as dietary
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It is noteworthy that MVMS use in this specific analysis significantly increased the prevalence
of intake above the UL in ≤4% of the population for seven nutrients. However, further research is
warranted to determine whether any untoward outcomes are associated with even this low level of
overconsumption. In addition to dietary supplements, the nutritional status can also be improved by
consuming micronutrient-fortified foods; NHANES data have shown that the consumption of highly
fortified breakfast cereals can fill many gaps in micronutrient intake [24].
In summary, accurately assessing the role of MVMS is complicated by the lack of a consistent
definition for this product category, but data clearly suggest that using an MVMS can improve the
nutritional status. However, the future of supplementation may involve developing new, targeted
formulations such as those designed to provide more personalized nutrition (e.g., those that focus
on the interactions between risk factors for chronic disease, life stage, nutrient intake, and genetics).
Determining the presupplementation levels of dietary nutrient intake should also be considered to
ensure that individuals are not exceeding the UL.
3. Micronutrient Intake/Status and Gene Expression
The sequencing of the human genome has allowed for identifying interactions between nutrient
intake and the activity of specific genes related to health, which has given rise to the field of
nutrigenomics [25,26]. Nutrigenetics and nutrigenomics are the terms that are used to describe
the science that evaluates the impact that genetic variants have on the dietary response and determines
the effect that nutrients and bioactive food compounds may have on gene expression, respectively [27].
Multiple single-nucleotide polymorphisms (SNPs) appear to affect the synthesis and function of
key proteins, with implications for the modification of nutrient requirements and metabolism [26].
This interaction between nutrition, gene expression, and health has been well established for lactose
intolerance and phenylketonuria [26], but emerging research suggests an array of other targets,
including the risk for developing chronic diseases. Although controversy exists regarding the
current applicability of genetic-based personalized nutrition [28], it is important to note that clinical
trials suggest that behavioral coaching informed by personal data may improve the adherence to
dietary advice and clinical biomarkers [29,30], and businesses are now offering relevant services to
practitioners [31]. Some studies have investigated genome-wide predictors of nutrient levels in plasma
or serum. Although statistically significant genetic polymorphisms have been identified as predictors,
they have explained little variation in nutrient levels thus far [32]. For example, vitamin D heritability
is only 7.5%, and of that, only 38% can be explained by known genetic variants; this represents only
3% of the total variability in circulating 25-OH-D levels [33].
Folic acid has been well studied with regard to nutrigenomic interactions involving the one-carbon
metabolism pathway central to DNA methylation and nucleotide synthesis [34–37]. Furthermore, the
link between folate deficiencies or inadequacies and the occurrence of neural tube defects (NTDs)
and, conversely, folic acid supplementation during pregnancy and reduction in the occurrence and
reoccurrence of NTDs has been firmly established. As a result, folic acid supplementation has become
routine during pregnancy [38–40]. However, folate may also play a role in the pathogenesis of a number
of other health problems, including cardiovascular disease (CVD), cancer, and neurodegenerative
conditions such as dementia and Alzheimer’s disease [41–50].
Methylenetetrahydrofolate
reductase
(MTHFR)
catalyzes
the
conversion
of
5,10-methylenetetrahydrofolate to 5-methylenetetrahydrofolate, an irreversible step in folate
metabolism [51–54]. Molecular epidemiology studies have found that the C677T polymorphism in the
MTHFR gene may modulate the risk of colorectal cancer [51–54]. The direction and magnitude of
this risk modification is influenced by folate status [53,54], as well as by alcohol consumption [52]
and the supply of methyl group donors [51]. A study conducted in women found that the C677T
polymorphism was further associated with a 62% increased risk of breast cancer; however, this risk
was ameliorated by the intake of nutrients involved in one-carbon metabolism, including folate and
related B vitamins, as well as the amino acid methionine [55].

Nutrients 2018, 10, 248

5 of 17

Despite the promising evidence related to folate status and positive health outcomes, there are also
data suggesting that folic acid supplementation in some individuals can cause adverse health outcomes.
Results from the Aspirin/Folate Polyp Prevention Study revealed a trend toward an increased risk of
advanced colorectal lesions and adenoma multiplicity among subjects randomized to receive folic acid
supplementation [56]. Another study also found that folic acid supplementation was associated with
a significant increase in the risk of prostate cancer (hazard ratio (HR): 2.63; 95% confidence interval
(CI): 1.23–5.65) [57]. Further, in the Women’s Health Initiative (WHI) study, women with high folate
status during the period prior to routine folic acid fortification had lower levels of DNA methylation
than in the postfortification period. These results suggest that the relationship between folate status
and DNA methylation is not linear and that fortification in otherwise well-nourished individuals may
attenuate the positive effects of folate and cause adverse health outcomes [58]. Other evidence also
supports the possibility that folic acid supplementation in the presence of fortification may cause excess
dietary intake and increase the risk of developing some forms of cancer [56,57,59]. Overall, a dual role
of folate in carcinogenesis has been proposed and substantiated by mathematical modeling [59,60].
Variants in genes other than MTHFR associated with folate and one-carbon metabolism have been
linked to both increases and decreases in the risk of colorectal cancer, depending on folate status [37].
Therefore, clinicians must evaluate potential risks as well as benefits when considering folic acid
supplementation in individuals who may be at risk for certain types of cancer.
In addition to the effects of folate status on DNA methylation and the development of some types
of cancer, there are also data implicating folate status in a number of other biological processes and
disease outcomes. A study investigating predictors of long interspersed nucleotide element (LINE)
methylation noted that folate status seemed to modify the associations, in particular, those observed
between sex hormones and DNA methylation [61]. Unmetabolized folic acid has been linked to
reduced natural killer cell cytotoxicity in both humans and mice [62,63]. Other studies have suggested
a role for folate–gene interactions in inflammation, diabetes, and the health of newborns [64–66].
Interactions between MTHFR polymorphisms and other genes with folate and vitamin B12 status
may also affect the development of Alzheimer’s disease [67]. In one study, high dietary folate levels
were not found to be beneficial to memory in community-dwelling, elderly subjects with a del/del
19-bp polymorphism in the DHFR gene, which codes dihydrofolate reductase [68]. Indeed, higher
dietary folate levels may cause adverse effects on cognitive functioning. Variants in the MAT1A gene,
which is responsible for coding methionine adenosyl transferase, have also been linked to hypertension
and stroke; however, depending on the individual’s genotype, improving vitamin B6 status might
decrease this risk [69].
Other nutrient–gene interactions relevant to health outcomes have also been identified. For example,
vitamin D inadequacy has been linked to increased cancer risk and/or tumor development through
regulation of gene expression relating to cell cycle progression, apoptosis, cellular adhesion, oxidative
metabolism, immune function, and steroid metabolism [70,71]. Vitamin D has also been implicated in
the transcriptional activation of tryptophan hydroxylase-2, which catalyzes serotonin synthesis and
thus may have relevance to some neurological conditions, such as attention deficit hyperactivity
disorder, bipolar disorder, schizophrenia, depression, impulsive behavior, and autism [72,73].
However, clinical benefits have not been demonstrated in controlled trials of the impact of vitamin
D supplementation (alone or with calcium) on neurological conditions [74,75]. Evidence is also
available for other gene–nutrient interactions, which, despite being limited, warrant mentioning.
For example, polymorphisms in the vitamin C co-transporter gene have been shown to be associated
with an increased risk of primary open-angle glaucoma [76]. Additionally, the ability of vitamin
E supplementation to prevent respiratory tract infections in the elderly has been suggested to be
dependent on interleukin-10 SNPs for immunoregulatory genes [77]. Interactions have also been
observed between vitamin E and polymorphisms controlling the production of other cytokines,
including tumor necrosis factor-α, which may impact the immunomodulatory effects of vitamin E
supplementation [78].
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As knowledge of nutrient–gene interactions and their relationship to intermediary disease
biomarkers evolves, nutrigenomics has the potential to substantially inform personalized nutrition and
help individualize recommendations for the use of dietary supplements. Using a targeted approach
in this field will allow for the conduct of clinical trials focused on those populations most likely
to experience significant benefits on specific endpoints based on their genotype. Such studies will
also help identify likely “nonresponders,” as well as those susceptible to untoward outcomes from
supplementation with specific nutrients.
In addition to the impact of genetic factors on the nutritional status, in numerous other individuals,
common factors also impact the absorption, metabolism, distribution, utilization, storage, and excretion
of nutrients obtained from MVMS. Nonmodifiable factors that may alter the nutrient status include age,
sex, and environmental toxicants [79]. Modifiable factors that have previously been demonstrated to
alter nutrient absorption include smoking [80], medication use (i.e., drug–nutrient interactions) [81–83],
nutrient intake (i.e., nutrient–nutrient interactions), inflammation [84], life-stage (e.g., pregnancy,
lactation), and presence of disease. Furthermore, the increasing body weight is a significant public
health challenge [85], and a growing body of scientific literature suggests that a suboptimal weight
status is associated with a poor micronutrient status [80,86]. For example, obesity is associated with
poor vitamin D status [87], and obese women of childbearing potential are at higher risk for poor folate
status [88]. Additionally, obese adults are less likely to use dietary supplements than those within their
recommended body mass index range [9,22].
4. Emerging Evidence on MVMS in Chronic Disease Outcomes
Observational studies and randomized clinical trials of MVMS offer optimal settings in which
to examine important nutrient–gene interactions and other promising areas of nutrigenomics to
enable the personalization of recommendations for MVMS use across a range of populations and
chronic disease outcomes. However, no observational studies or randomized clinical trials of MVMS
have considered either confounding or effect modification by genetic variation, which may be an
important consideration in the results from observational studies on MVMS described below. While a
well-conducted clinical trial offers the key advantage of eliminating unmeasured confounding, there
may be important modifying effects by genetic variation that build upon one-carbon metabolism and
other important mechanistic pathways related to nutrigenomics.
4.1. Observational Studies
The outcomes of observational studies have revealed inconsistent results regarding the benefits of
MVMS in the prevention of chronic diseases. For example, the Cancer Prevention Study II, conducted
in a population of more than 1 million Americans, reported a reduction in the risk of cardiovascular
(CV) mortality in users of MVMS and vitamin A, C, or E supplements [89]. However, the same
study reported an increase in the risk of cancer mortality among male supplement users who smoked.
The Stockholm Heart Epidemiology Program found a reduction in nonfatal myocardial infarction
in both occasional and regular users of dietary supplements (including MVMS and single-nutrient
supplements) compared with nonusers [90], which was supported by similar results among women in
the Swedish Mammography Cohort [91]. The WHI reported no overall association between the use of
MVMS and the risk of CVD in postmenopausal women [92]. However, in a prospective analysis of
NHANES data, a protective association was observed between MVMS use over an 18 year follow-up
period and CVD-related mortality in a population of women [93].
Observational studies that have evaluated MVMS in cancer risk have primarily reported null
results. As observed for CVD, the WHI found no association between MVMS use and the risk of cancer
at several common sites [92]. The Multiethnic Cohort Study also found no significant relationship
between MVMS use and cancer risk, either overall or at specific sites [94]. However, a prospective
analysis of the Cancer Prevention Study II cohort found an 11% reduction (relative risk (RR): 0.89;
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95% CI: 0.80–0.99) in colorectal cancer among individuals taking an MVMS that was presumed to
contain folic acid [95].
All observational studies of MVMS have several inherent limitations that preclude making
definitive conclusions about the risk of various chronic disease endpoints, including inconsistent
definitions of MVMS, imprecision regarding the frequency and duration of MVMS use, and residual
confounding. Further, many observational studies of MVMS use lack data on baseline micronutrient
status, changes in dietary patterns during the follow-up period, as well as the potential reasons for
these changes (i.e., the development of new comorbidities). It is also possible, as suggested by the
long-term follow-up of the Physicians’ Health Study (PHS) I that evaluated CVD outcomes [96], that
MVMS use may need to be of sufficient duration to observe a significant health benefit.
4.2. Randomized, Controlled Trials
In addition to these observational data, a number of randomized, controlled clinical trials that
evaluated MVMS have been conducted; some key studies are summarized in Table 1 [17–20,97–105].
The Linxian trial was conducted in subjects with a diagnosis of esophageal dysplasia and found
no overall reduction in the risk of cancer for those randomized to receive MVMS or placebo. However,
a nonsignificant 8% reduction in esophageal/cardia cancer mortality (RR: 0.92; 95% CI: 0.67–1.28)
and a nonsignificant 38% reduction in cerebrovascular mortality (RR: 0.62; 95% CI: 0.37–1.06) were
observed [98]. In the Supplémentation en Vitamines et Minéraux Antioxydants (SU.VI.MAX) study,
which randomized men and women to receive a combination of antioxidants, including ascorbic acid,
vitamin E, β-carotene, selenium, and zinc, or placebo, there was a significant reduction in the risk
of cancer in men (RR: 0.69; 95% CI: 0.53–0.91) [101]. After a median of 7.54 years of follow-up, there
were no differences in the incidence of all-cause cancer or ischemic CVD; however, interestingly, a
post hoc analysis of the SU.VI.MAX study revealed that 5 years after the end of the trial, MVMS
use among men was associated with a significantly greater probability of healthy aging (RR: 1.16;
95% CI: 1.04–1.29) [106]. After a median follow-up of 11.2 years, the randomized, double-blind,
placebo-controlled PHS II observed a significant 8% reduction in total cancer in subjects who
received MVMS compared with those who received the placebo (HR: 0.92; 95% CI: 0.86–0.998) [100].
Additionally, MVMS use was associated with a reduction in cancer risk of 18% in those ≥70 years of
age (HR: 0.82; 95% CI: 0.72–0.93) and a reduction of 27% among those with histories of cancer (HR: 0.73;
95% CI: 0.56–0.96; p = 0.02) [100].
In contrast to the results related to cancer risk, the PHS II study found no impact of MVMS use
on the risk of major CV events (HR: 1.01; 95% CI: 0.91–1.10) [18]. There was, however, a significant
reduction in myocardial infarction-related death (HR: 0.56; 95% CI: 0.33–0.95), but this finding may be
the result of chance, as a total of only 70 events were observed [18]. In secondary analyses of the PHS
II trial results on MVMS use, men aged ≥70 years who consumed a healthy diet (based on Alternative
Healthy Eating Index and Alternate Mediterranean Diet Score) appeared to benefit from taking an
MVMS on the basis of the observed reduction in the incidence of myocardial infarction [107]. A smaller
short-term clinical trial also demonstrated a positive effect of MVMS on changes in CV risk factors in
obese women [17,19], but larger studies are needed to further investigate additional outcomes related
to CV health. The results of these studies highlight the potential for targeted nutrition strategies that
may or may not include an MVMS that is tailored to an individual’s life stage, chronic disease history,
or nutritional status.
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Table 1. Randomized, controlled trials of MVMS.
Reference

Study Name

Number of
Subjects

Population

Blot, et al. [97]

NA

29,584

Adults from rural Linxian,
China, 40–69 years of age

β-Carotene, selenium,
α-tocopherol

3318

Adults from rural Linxian,
China, 40–69 years of age
with a diagnosis of
esophageal dysplasia and
low dietary intake of
several nutrients

Li, et al. [98]

AREDS [103,104]

AREDS2 [20,105]

Christen, et al. [99];
Sesso, et al. [18];
Gaziano, et al. [100]

Hercberg, et al. [101]

NA

AREDS

AREDS 2

PHS II

SU.VI.MAX

Study
Duration

Results

Mortality, cancer
incidence

5.25 years

9% reduction in overall mortality,
13% reduction in cancer mortality, 7%
reduction in overall cancer incidence
versus nonuse

Broad-spectrum MVMS*

Mortality, cancer
incidence

6 years

No significant effect on mortality or
cancer incidence, 38% nonsignificant
reduction in cerebrovascular death (p
= 0.08) versus placebo

4757

US adults 55–80 years of
age with evidence of
grade 1–4 AMD

Antioxidants (vitamin C
500 mg, vitamin E 400 IU, βcarotene 15 mg), zinc oxide
80 mg (plus cupric oxide
2 mg)

Incidence of advanced
AMD, incidence
of cataract

6.3 years

Significant reduction in risk of
progression to advanced AMD with
antioxidants + zinc (OR: 0.72; 95% CI:
0.52–0.98; p = 0.007) versus placebo,
no difference in incidence of lens
opacities versus nonuse

4203 subjects with
risk of progression
in 6916 eyes

US adults 50–85 years of
age at high risk of
progression to advanced
AMD

Lutein 10 mg + zeaxanthin 2
mg, DHA 350 mg + EPA 650
mg. All subjects received the
AREDS formulation (vitamin
C, vitamin E, β-carotene, zinc,
and copper; see AREDS
above for doses)

Incidence of
advanced AMD,
progression to cataract
surgery (comparison for
lutein + zeaxanthin versus
placebo only)

MVMS Formulation

Endpoints

14,641

US male physicians
≥50 years of age

Broad-spectrum MVMS *

Cancer incidence, MACE,
incidence of cataract
and AMD

13,017

French women 35–60
years of age and men
45–60 years of age

Ascorbic acid 120 mg, vitamin
E 30 mg, β-carotene 6 mg,
selenium 100 µg, zinc 20 mg

Major fatal and nonfatal
ischemic CV events,
cancer incidence

5 years

No significant difference versus
placebo in progression to advanced
AMD or cataract surgery

11.2 years

8% reduction in total cancer
incidence (p = 0.04) versus placebo,
no effect on MACE versus placebo,
9% reduction in risk of cataract
(p = 0.04) versus placebo,
nonsignificant 19% increase in AMD
versus placebo

7.54 years

No significant effect on CV outcomes
or overall cancer incidence,
significant reduction in cancer
incidence in men (p = 0.008)
versus placebo
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Table 1. Cont.
Reference

Lamas, et al. [102]

Wang, et al. [19];
Li, et al. [17]

Study Name

TACT

NA

Number of
Subjects

Population

1708

US adults ≥50 years of
age and sustained
myocardial infarction ≥6
weeks prior to enrollment

96

Obese Chinese women
18–55 years of age

MVMS Formulation

28-Component mixture
reflecting that used by
chelation practitioners

Broad-spectrum MVMS *

Endpoints

Study
Duration

Results

Composite of time to
death from any cause,
re-infarction, stroke,
coronary
revascularization, or
hospitalization for angina

55 months

Nonsignificant 11% reduction in risk
of death or CV events versus placebo

26 weeks

Significant reductions in body
weight, BMI, fat mass, systolic and
diastolic blood pressure, total
cholesterol, LDL-cholesterol, and
significant increase in resting energy
expenditure and HDL-cholesterol
versus placebo

Anthropometry, blood
pressure, resting energy
expenditure, biochemistry

Abbreviations: AMD: age-related macular degeneration; AREDS: Age-Related Eye Disease Study; BMI: body mass index; CI: confidence interval; CV: cardiovascular; DHA: docosahexaenoic
acid; EPA: eicosapentaenoic acid; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MACE: major cardiovascular event; MVMS: multivitamin/multimineral supplement;
NA: not applicable; OR: odds ratio; PHS: Physicians’ Health Study; SU.VI.MAX: Supplémentation en Vitamines et Minéraux Antioxydants; TACT: Trial to Assess Chelation Therapy; US:
United States. * MVMS containing 26–30 different vitamins, minerals, and bioactives at amounts that primarily meet or slightly exceed daily values based on the study population [18,19,98].
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There do not appear to be any major safety concerns associated with the long-term use of
broad-spectrum MVMS because their use does not significantly increase the risk of exceeding the
UL [3,108]. A systematic review of 15 MVMS studies reported that only mild gastrointestinal
adverse events were observed [108]. In the randomized, controlled PHS II, MVMS use did not
produce significant effects on gastrointestinal side effects, fatigue, drowsiness, skin discoloration,
or migraine [18]. However, MVMS use was associated with a modest increase in skin rashes, as well
as some inconsistent effects on minor bleeding that were considered to be more likely a function of
chance than effect [18].
Meta-analyses have provided additional ambiguity regarding the role of MVMS for health
promotion. A meta-analysis of randomized, controlled trials by MacPherson et al. [109] indicated that
using an MVMS had no effect on overall mortality (RR: 0.98; 95% CI: 0.94–1.02), but in the primary
prevention studies there was a modest trend toward a reduction in the risk of all-cause mortality (RR:
0.94; 95% CI: 0.89–1.00). A key weakness of this analysis, however, was the wide variability in the
definitions of MVMS that were combined across a wide array of studies included in the meta-analysis;
any vitamin/mineral product with three or more ingredients (excluding B vitamin-only combinations)
was analyzed [109]. As a result, the US Preventive Services Task Force indicated that there is insufficient
evidence to recommend using an MVMS in the prevention of cancer, CVD, or mortality [110]. Table 1
illustrates this heterogeneity in the design of MVMS studies, with different definitions of MVMS,
subject inclusion criteria, and length of follow-up. Therefore, interpreting the total body of evidence
from randomized, controlled trials conducted with MVMS remains difficult.
Because of the limited number of long-term randomized, controlled trials of MVMS but given the
potential benefits suggested by the PHS II [99,100] and several large scale, prospective observational
studies, additional research is warranted. The forthcoming randomized, controlled COcoa Supplement
and Multivitamin Outcomes Study (COSMOS) has been designed to evaluate an MVMS and a cocoa
extract (containing 600 mg cocoa flavanols) on the incidence of major CV outcomes and invasive
cancer [111]. COSMOS plans to enroll 12,000 women ≥65 years of age and 6000 men ≥60 years of
age who are free of CVD or were not recently diagnosed with cancer. Subjects will be randomized in
a 2 × 2 factorial design to receive the cocoa extract (600 mg) or a placebo and an MVMS (including
30 essential vitamins, minerals, and bioactives) or a placebo. The primary clinical endpoints of
COSMOS are major CV events (myocardial infarction, stroke, CVD-related death, and coronary
revascularization) and invasive cancer [111].
5. Conclusions
The use of dietary MVMS is common among adults in the US, and using an MVMS has been
shown to reduce the prevalence of inadequate micronutrient intake (i.e., intakes below the EAR) and
status. Exceeding the UL, however, should be considered in vulnerable subgroups such as children
and older adults and those already taking multiple dietary supplements. High dietary intakes from
supplements with certain nutrients, in particular, folic acid, may have negative health outcomes
such as increasing the progression of precancerous lesions and tumors. Nutrigenomic approaches
should provide new insights into the pursuit of providing personalized nutrition, as ongoing research
continues to elucidate the role of nutrition in gene expression and disease. Evidence from some large
prospective, cohort studies and randomized, controlled trials suggests that MVMS may contribute
to a reduction in the risk of some chronic diseases such as CVD and cancer, but additional long-term
clinical trials are necessary. Agreement on the standardization of MVMS products by the FDA would
provide a helpful contribution to future research studies testing these products. Forthcoming studies
assessing the health benefits and risks of MVMS and other dietary supplements should involve
specific objectives and methods relevant to individualizing outcomes and informing the practice of
personalized nutrition.
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