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Background: Multivitamin/mineral products (MVMs) are the sampling plan, NHANES, quality control, overage, Recommended
dietary supplements most commonly used by US adults. DurinDietary Allowance (RDA), upper limit, US Pharmacopeia
manufacturing, some ingredients are added in amounts exceeding

the label claims to compensate for expected losses during the shelf

life. Establishing the health bene ts and harms of MVMs requires

accurate estimates of nutrient intake from MVMs based on measurgflS TRODUCTION

of actual rather than labeled ingredient amounts. . . -
Objectives: Our goals were to determine relations between analyti- . In the United States, dietary supplements (BSs)ntaining

) . vitamins and minerals contribute signi cantly to the total intake
Il label . )
cally measured and labeled ingredient content and to compare aduﬁ many micronutrients 1, 2). In the 2007...2010 NHANES

. . . 0
MVM composition with Recommended Dietary Allowances (RDAS) 0 L
and Tolerable Upper Intake Levels. (3), 49% of adults reported the use ofl DS product within

Design: Adult MVMs were purchased while following a national the previous 30 d, and multivitamin/mineral produc(t’s (MVMs)
sampling plan and chemically analyzed for vitamin and minera)'€¢ the most common tYPe of DSs reported (31.9% of adults)
content with certi ed reference materials in quali ed Iaboratories.(4)' DS consumption signi cantly reduces the number of adults

For each ingredient, predicted mean percentage differences betwédifl children with an intake below the Estimated Average
analytically obtained and labeled amounts were calculated with tHZ€auirements for all analyzed nutrienis ). . _
use of regression equations. Despite the popularity of MVMs, observational studies
Results: For 12 of 18 nutrients, most products had labeled amoun@Nd randomized controlled trials with the use of MVMs in
at or above RDAs. The mean measured content of all ingredien9Pulations that are mostly nutrient replete provide mixed results
(except thiamin) exceeded labeled amounts (overages). Predict@d the ef cacy of MVMs for health maintenance and for disease
mean percentage differences exceeded labeled amounts by 1.5...13%
for copper, manganese, magnesium, niacin, phosphorus, potassium .

. A . L . ’ ’ ’ Supported by the NIH Of ce of Dietary Supplements and the USDA
folic aC|d_, ribo avm, Qnd vitamins B-12, C, and E, and by25% Agricultural Research Service.
for selenium and iodine, regardless of labeled amount. In contrast,2g;pplemental Figure 1, Supplemental Tables 1...5, and Supplemental
thlamln, vitamin B-6, calcium, iron, and zinc had Ilnegr or quadra“CMethods, References, and Results are available from the +Online Supporting
relations between the labeled and percentage differences, witlaterialZ link in the online posting of the article and from the same link in
ranges fromS6.5% to 8.6%,S53.5% to 21%, 7.1% to 29.3%, the online table of contents http://ajcn.nutrition.org
$0.5% to 16.4%, and51.9% to 8.1%, respectively. Analytically To whom correspondence should be addressed. E-kamén.andrews@
adjusted ingredient amounts are linked to adult MVMs reported iﬁfj-USdaQ_O\{ _ ‘
the NHANES 2003...2008 via the Dietary Supplement Ingredient Abk?rewatlons used: DS, dl_etary supplement; DSID, Dietary Supplement
Databasef{ttp://dsid.usda.nih.gvo facilitate more accurate intake '"9rédient Database; DV, Daily Value; LMS, lower market share; MVM,
quanti cation. multivitamin/mineral product; NDL, Nutrient Data Laboratory; NIST,

C lusi Vitami d mi | din ad INational Institute of Standards and Technology; QC, quality control; RDA,
onclusions:vitamin and mineral overages were measured in a uIIQecommended Dietary Allowance; RMSE, relative market share estimate;

MVMs, most of which already meet RDAs. Therefore, nutrientsry sStandard Reference Material; TMS, top market share; UL, Tolerable
overexposures from supplements combined with typical food intakgpper Intake Level; USP, US Pharmacopeia

may have unintended health consequences, although this wouldReceived March 11, 2016. Accepted for publication November 7, 2016.
require further examination. Am J Clin Nutr2017;105:526...539.  First published online December 14, 2016; doi: 10.3945/ajcn.116.134544.
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prevention and manageme#t.L0). Studies of MVM safety and frequently consumed in the United States [the top market share
effectiveness conducted to date have relied on nutrient contefitMS)] and products representative of the lower market share
that is based exclusively on the label claims. However, thLMS) were identied for purchase. The terms esupplement
nutrient values on MVM labels may differ signi cantly from product,Z supplement,Z and sproductZ are used interchangeably
these productse actual analytic contentd)( The concept of throughout the text, except for the description of variance
overages (i.e., analytically determined content of the nutriertomponent analysis, in which only the term esupplementZ is used
exceeding the amounts claimed on the label) is consistent witbr simplicity and clarity. Detailed sampling plan and statistical
Current Good Manufacturing Practices, which recognize theimethods can be found in th8upplemental Materials and
use in the food and DS industry as a means to ensure thisliethods.
claimed ingredient amounts are valid at the end of the product Frequency of intake information for reported supplements
shelf life (12). However, the ingredient amounts added abovevas derived from the 2001...2002 NHANES DS data les that
those claimed by the labels are unknown or publicly unavailablere population weighted to indicate reported usage tre2@s (
The 2010 Dietary Guidelines Advisory Committee stated thafdult MVMs were de ned as those containing3 vitamins with
knowledge of analytic DS composition is critical for more preciseor without minerals and other bioactive components that were
dietary intake assessment and for understanding the associatiestsndard formulationsZ (for adults) or smature formulationsZ
of DSs with health and disease risk in surveys and epidemiolog{for seniors). In the NHANES DS les, population weights for all
nutritional studies10, 13). The analytically determined nutrient NHANES respondents reporting adult MVM use were summed
content of DSs is also important for evaluating risk of exposuréo obtain a total population weight for all products reported by
to doses in excess of labeled amounts and Recommended Dietadult MVM consumers. A productes weighted frequency of use
Allowances (RDAs), and, particularly, the Tolerable Upper Intakavas calculated by dividing the summed weights of respondents
Levels (ULs) (4). who reported this product by the total population weight for
To provide analytically derived estimates of ingredient conterall adult MVMs. The NHANES most commonly reported adult
in nationally representative DSs, the NIH Ofce of Dietary MVMs were identi ed by ranking according to the product
Supplements, the USDA Nutrient Data Laboratory (NDL), andveighted frequency of use.
other federal agencies collaborated in launching the Dietary To update the NHANES 2001...2002 data on commonly used
Supplement Ingredient Database (DSID) projectin 20®418).  adult MVMs, the NDL commissioned a nationally representative
The DSID-3 contains estimates of vitamin and mineral content imarket survey from an independent marketing rm in 2006. This
adult, childrenes and nonprescription prenatal MVMs, and tablesm surveyed 5050 respondents who had been preidenti ed as
linking DSID data to speci ¢ cycles of the NHANES DS les MVM users from an existing panel of 55,000 adults. The survey
(19. included the respondentse reported use of adult MVM by brand
Our goals were to establish relations between measured andme and type (e.g., for age$0 or for women), along with
labeled ingredient content, and to provide research tools the market channel of purchase. The results of the nationally
improve the assessment of nutrient intake from DSs in the USepresentative sample were weighted to US census #dt4%
We also compared adult MVM composition with RDAs andatP < 0.05). We also reviewed data from the Multiethnic Cohort
ULs to assess whether risk of nutrient overexposures should Beudy of supplements reported by adults in Hawaii and California
investigated. (23) and from the Nutrition Business Journalss Supplement
Business Report2d). The lists of reported supplements from
these 4 sources were combined, and frequency data for the same
METHODS products were averaged so that newer products on the market
would be included along with products commonly reported in
national surveys. These integrated weightings, referred to as
We purchased a sample of products representative of the WSlative market share estimates (RMSEs), were used to identify
adult MVM market, and chemically analyzed them for their35 products that represented55% of the summed RMSEs
ingredient content. We determined the percentage differencas TMS products. Adult MVM LMS products were identi ed
in nutrient content between claimed and analytically measureglith the use of NHANES 2003...2004 DS data [the most recent
ingredient amounts. We then applied regression analysis twailable at that time25)]. The RMSEs for these products were
produce an equation for each nutrient that best describes thased solely on the product-weighted frequency of use from
relation between the percentage differences and label valuggHANES. A total of 148 products with a summed RMSE of
These equations were used to analytically predict ingredies.4% were divided into 3 strata of equally summed RMSEs
content based on label claims and to decipher the sources (@f4% each). Products within each stratum were designated for
content variability. purchase statistically, based on probability proportional to size
(RMSE, in this case).
Products were obtained from retail sales market channels
in 2006 and 2007, including mass-market stores (e.g., grocery
A sampling plan was developed with the use of approacheand drug stores, warehouse stores, and Wal-Mart) and natural
similar to the food sampling plans designed for the National Foodnd specialty stores (e.g., Whole Foods, organic markets, and
and Nutrient Analysis Progran2@) for USDA food composition  Vitamin Shoppe) in 6 US states (California, Georgia, Maryland,
databases2(l). The goal of the sampling plan was to provideMinnesota, Texas, and Virginia) to attain diverse marketing and
nationally representative samples for measuring the analyt@eographic sample sources. Products not sold in retail stores were
content of vitamins and minerals in adult MVMs. Adult MVMs purchased by the NDL from direct marketing sales channels,

Overview

Sampling plan



528 ANDREWS ET AL.

including multilevel marketers (e.g., Herbalife and Amway), thevitamins and minerals, was also sent in most batches to evaluate
Internet, and medical practitioners. laboratory accuracy.

On average, 5 lots/TMS product and 2 lots/LMS product were Sample batches were sent to the selected laboratories for
purchased for a total of 400 samples and 109 products. Foranalysis of speci c vitamins and minerals declared on the label
each lot, 240...300 capsules or tablets were purchased Wijth [if the amount was 2% of the Daily Value (DV)]. Sample
to expiration date. The analytic content 08 vitamins and 10  weighing and homogenization procedures were documented
minerals in each sample was measured in 2007...2009. previously @9, 30). Laboratories were instructed to weigh and

then homogenize 20 tablets or capsules before subsampling
them for ingredient analyses while following US Pharmacopeia
Laboratory selection (USP) recommendations for DS sample preparat#in2)

For the analysis of MVM samples for the DSID, the NDL
identied and selected qualied laboratories based on pilofethods of analysis for vitamins and minerals
study results and proposals submitted through the Federal
Business Opportunities procesgtps://www.fbo.gov/(26); see
also reference7].

A previous pilot study identi ed methods and laboratories for
the analysis of vitamins and minerals in MVMs and acceptable
intralaboratory relative SDs (calculated as SD/mearil00)
based on results for NIST SRM 3280 and a commercial
MVM (16). References for the methods used to measure
each ingredient are provided and summarizedable 1, and

Samples were stored at room temperature in their originaletails for modi cations to published methods are provided in
containers. For laboratory analysis, products were assigned Supplemental Table 1
batches that also contained quality control (QC) materials. The Eight minerals (calcium, copper, iron, magnesium, man-
QC materials included a set of product duplicates (2 sets of 2fanese, phosphorus, potassium, and zinc) were analyzed by
tablets of the same MVM with different test sample identi cationinductively coupled plasma spectrometry after wet-ashing. Sele-
numbers) and 2 in-house control materials. To create each inium was analyzed by hydride generation and atomic absorption
house control material, a case of a single lot of an MVM withspectroscopy, and iodine content was measured by thiosulfate
a matrix similar to that of the study samples was purchasetitration. Five vitamins (vitamins C and B-6, thiamin, ribo avin,
These control materials were added to each batch to evaluate #el niacin) were analyzed with the use of HPLC with ultraviolet
precision of laboratory methods over time. National Institute ofletection. Two vitamins (folic acid and vitamin B-12) were
Standards and Technology (NIST) Standard Reference Materimhalyzed with the use of microbiological methods, and vitamin E
(SRM) 3280 g8), an MVM matrix with certi ed values for was measured with the use of HPLC with uorescence detection.

Quality control

TABLE 1
Analytic method$
Ingredient Method summary Method reference
Minerals
Calcium, copper, iron, manganese, Multielement inductively coupled plasma spectrometry AOAC OMA 984.27 and 985.013Q)
magnesium, phosphorus, after wet-ashing
potassium, and zinc
Selenium Hydride generation and atomic absorption spectroscopy AOAC OMA 98315 (
lodine Thiosulfate titration AOAC OMA 935.14 and 932.233), modi ed?
Vitamins
Folic acid Microbiological method with the use Bhterococcus AOAC OMA 944.12 33)
hirae
Niacin, ribo avin, thiamin, vitamin HPLC with ultraviolet detection at 210 nm and 270 nm  34)( modi ed?®
B-6 (pyridoxine)
Vitamin B-12 (cyanocobalamin) Microbiological method with the uséattobacillus AOAC OMA 952.20, 960.4633)
delbrueckii
Vitamin C (ascorbic acid) HPLC with ultraviolet detection at 245nm AOAC OMA 967.22 33), modi ed,® (35)
Vitamin E ( -tocopherol and mixed HPLC with uorescence detection at 294 im (36), modi ed”
tocopherols)

lvitamin names in parentheses are the chemicals that are measured. For in-house method modi cations, see Supplemental Table 1. AOAC, Associatic
of Of cial Analytic Chemists International; OMA, Of cial Methods of Analysis.

2Updated procedure for solution preparation.

3Added details about preparation of working standards and chromatographic gradient.

4An oxidation step converts any dehydroascorbic acid to ascorbic acid.

5Added heating of extracting acid solution in the sample preparation (if necessary); modi ed sample extraction procedure.

8For mixed tocopherols, the sample is rst treated with an enzyme (pancreatin).

“Added phase extraction markers; updated standard preparation, HPLC conditions, and pump program. For in-house method modi cations, set
Supplemental Table 1.
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Some product data were received for vitamin Adarotene and Statistical methods
retinol), vitamin D, and chromium, but unacceptable QC results Data for each nutrient were identi ed by supplement, lot, sam-

revealed methodology issues that needed to be addressed bemée and repeated laboratory analySsipplemental Figure
analyzing more products. ' ’

Review of QC and DS product results Regression analysis

Laboratory results reported in milligrams per gram or micro- Relations between the label and percentage difference of
grams per gram were compared with label claims. The percentagealytically determined amounts from label were estimated by
difference from the label claim was calculated for each analyzeggression with an SAS mixed-model procedure (SAS software,
ingredient in each sample: [(analytic valSelabel value)/label version 9.3, SAS Institute Inc, Cary, NC). For each supplement
value]x 100%. Laboratory data were reviewed, and samples witimgredient, the label value was the independent variable and
unusually large percentage differences from label claims, higthe percentage difference from the label value (based on the
variability among lots of the same product, and/or QC resultaboratory analysis) was the dependent variable. Ingredient data
showing biased results for the batch were retested. Laboratdinpm laboratory analysis were prepared for weighted regression
data for all water-soluble vitamins with test dates past thanalysis by applying RMSEs as product weights. Multiple
expiration date were excluded. The nal laboratory data were setteboratory observations for the same sample were averaged, and
to the NDLes consulting statistician for statistical review. sample means were used for the statistical regression analysis

DS information on labels is reported per serving and calculateahd plots. For each ingredient, in uence tests for sample, lot, and
as a percentage of the FDA DVs. DVs are based on the RDAsupplement were conducted sequentially. Laboratory data were
but DVs do not address UL8T). Labeled and measured productidenti ed as overly in uential and excluded from the nal data
ingredient content in the products was adjusted to per-daset when a predicted value, tested with the use of a jackknife
amounts, based on label instructions. These were compared widthnique while deleting one supplement at a time, changed by
RDAs, ULs, and market shares to estimate the potential impact of2 percentage points (see details in the Supplemental Materials
adult MVM use on attaining recommended daily nutrient intakeand Methods).

TABLE 2
Quality-control results: laboratory accuracy and precision evaluated by ingredient measurements for NIST SRM 3280 included in batchestfisttive adul
study*

NIST value, DSID laboratory?

NIST certi ed or DSID laboratory, uncertainty range, mean % difference  DSID laboratory? DSID

Ingredient reference vallfe mean value calculated as % from NIST value mean % RSD analysesn

Minerals
Calcium, mg/g 110.7 114 4.79 3.17 2.68 19
Copper, mg/g 1.4 14 12.14 1.35 4.63 19
lodine, mg/g 132.7 132 4.97 $0.85 6.14 21
Iron, mg/g 12.35 12.2 7.37 $1.09 3.08 20
Magnesium, mg/g 67.8 66.8 5.90 §$1.43 2.87 19
Manganese, mg/g 1.44 1.44 7.64 0.33 3.52 19
Phosphorus, mg/g 75.7 78.6 4.23 3.83 3.06 19
Potassium, mg/g 53.1 56 13.18 5.38 3.21 19
Seleniunt pglg 17.6 17.8 455 1.28 9.05 20
Zinc, mglg 10.15 10.5 7.98 3.79 2.38 19

Vitamins
Folic acid,ug/g 394 379 5.58 $38 9.52 21
Niacin, mg/g 14.16 145 1.63 2.50 2.14 21
Ribo avin, mg/g 1.32 1.34 12.88 1.19 5.04 21
Thiamin, mg/g 0.83% 0.923 11.3 10.7 9.57 21
Vitamin B-12/ pg/g 4.8 5.41 38.78 10.4 5.06 21
Vitamin B-6,” mg/g 1.49 1.49 9.40 0.27 5.2 21
Vitamin C, mg/g 42.2 428 8.77 1.51 10.9 18
Vitamin E,” mg/g 21.4 20.5 16.36 $4.43 8.06 21

1DSID, Dietary Supplement Ingredient Database; MVM, multivitamin/mineral product; NIST, National Institute of Standards and Technology; RSD,

relative SD; SRM, Standard Reference Material.

2SRM 3280 multivitamin and multielement tablets, availabléps://www-s.nist.gov/m-srmors/certificates/3280.2). NIST values reported as

published NIST SRM 3280 certi cate in 2009.
3Mean percentage difference from NIST certi ed values were outside the reference range for thiamin and niacin.

4RSD is calculated as (SD/mean)L00.
50nly reference values are available for this ingredient.

SNIST values were converted to free vitamin forms (for niacin, vitamin B-6, and thiamin) by application of molecular weight ratios.
“Vitamin B-12 was measured as cyanocobalamin, vitamin B-6 as pyridoxine, vitamin C as ascorbic acid, and vitamtodpbkerol.
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Three models were used to t the data for each ingredienpredicted value was within 10% of its analytic result and
as a function of the label values. Those models were a measunsuccessfulZ if it was not within 10% of the analytic
only model (constant across all label values; had only aresult. Predictions were repeated with the use of a jackknife
intercept and no other regression coef cients) and linear anchnique while removing one supplement at a time, and the
quadratic models. The most complex and statistically signi canpercentage success and 95% Cls were computed. For the equation
model was selected. The SEM and the SE of an individugiredictions to be considered a successful approach, the equation
observation were calculated. Because the regression equatjfedictions would have to perform better, i.e., have a greater
was used to predict ingredient values of individual supplemersuccess rate, than when simply using the labeled value as a
samples, SEs were adjusted with the use of sums of squaresptedictor of the analytic value (within 10%).
re ect this expected greater prediction variability. The random
portion of the model t the variances in supplements within label/ariapility assessment
claim, lots within supplement, and samples (residual) within lot. . .

The selected regression equations were used to predict mear;l.—he hal regression datq sets af.‘d equatlons. were used for
analytic concentrations for each ingredient in adult MVMs: labey@riance component analysis t(.) e_st|mate the variability between
valuex (1+ predicted percentage difference/100) (SupplementgPPlements, between lots within supplements, and between

Materials and Methods). samples within lots. . . .
The supplement variance component is an estimate of how

the supplements vary around the regression line, excluding
the lot and sample variances. The lot variance component is

The accuracy of the models was assessed with validatian estimate of how lots vary around the supplement mean
techniques that evaluated the prediction success of each regrageraged over all supplements, excluding sample variance. The
sion equation compared with label claims. For the regressicsample variance component is an estimate of how samples vary
equations, predictions were classied as esuccessfulZ if tharound the lot mean averaged over all lots. The sample variance

Validation
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FIGURE 1 Adult multivitamin/mineral products were ordered by measured content of folic acid (A) and zinc (B) for intake per day (as recommended on
product labels). A majority of products had overages in folic acid content and provided a daily intake above the RDA, but below the folic acid ULfdrhe ULs
folate apply to the synthetic form of folate obtained from supplements, forti ed foods, or a combination of the two. The amount for the ULs areramsicrog
folic acid and not dietary folate equivalents (DFE). For this plot, we converted the RDA for folic acid from@@0 DFE to 240ug of folic acid [1 DFE
= 1 pg food folate= 0.6 g of folate from dietary supplements consumed with fobd)]( One product exceeded the UL based on its analytical overage
(1008.9119). Note that products with the same labeled amount of folic acid differ greatly in their actual content. A majority of products were labeled above
the zinc RDA but signi cantly below the zinc UL, and the measured overages were very small. DFE, dietary folate equivalent; RDA, Recommended Dietary
Allowance; UL, Tolerable Upper Intake Level.
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component includes the random variance associated with withina 100
lot variability, e.g., sampling of tablets from lots, preparation

of samples for laboratory analysis, and laboratory techniqu@b 80 1

variability. <

5

£ 60 o .
Exploratory analyses: effect of sales channel, market share, §
and expiration date S o] °

Three sales channels, RMSEs, and the number of days frorg
analytic testing to expiration date were added to the nal§ 5 | o o
regression models for each ingredient to test their associatioff é e * 2 o
with the percentage differences from labels. Manufacture date& EEI % % % éj %
are unavailable on DS labels; therefore, the expiration date was | ° n o ¢ °
used to estimate the stage of shelf life for products. This, however, PRI S S S AR
is not an ideal measure for determining the age of a manufactured &\G\“ o o3¢ R 069\\0‘ \agé\‘)%e\e@“ Q
product, because different manufacturers choose different time QO T T
frames for expiration dates. The results for these explorator

analyses were inconclusive and so are only reported in th
Supplemental Results 60 1

[]
T

T

T

WO o e

40 A

RESULTS

QC analyses: SRM, in-house control, and duplicate results 20 A ° °

[ ]
To monitor laboratory accuracy, analytic measurements for,
ingredients in the NIST SRM were compared with the certied 5 01 é
values to detect any potential bias in laboratory performanceg . ° ° ° .
For 9 ingredients, mean analytic results were within 2% of the 5 20 1
NIST certi ed or reference values. For another 7 ingredients, the™ .
mean results were within 2...6% of the NIST values. For the other
2 ingredients, mean analytic results were 10...11% of the NIST ° S 9 o c
- L OO N AR\ Ao Ry A
values [able 2). The acceptability of the mean and variability for o @ RN @(\9 o @ g
SRM results in this study was also tested and con rmed (except W
for niacin be.causelof I,ts narrow certi ed range) with the use of FIGURE 2 Distributions of percentage differences between analytic
the method in Application Note 1 from the Joint Research Centrgny |apel ingredient amounts for minerals (A) and vitamins (B). The
of the European Commissiones Institute for Reference Materialsx plots show the 5th (lower circle), 10th (lower whisker), 25th (box
and Measurement8§). bottom boundary), 50th (median, solid line), mean (dashed line), 75th (box
Laboratory data for in-house control materials and duplicatgg boundary), 90th (upper whisker), and 95th (upper circle) percentiles.
. .. servations: calciumm = 295; coppern = 284; iodine,n = 250; iron,n
products were monitored to evaluate laboratory precision (be- 200; magnesiump = 280; manganes@ = 281: phosphorug) = 188;
tween and within days). Measurements outside of 10% of thgotassiumn = 192; seleniumn = 282; zinc,n = 300; folic acid,n =
in-house control and duplicate means were agged for furthe$42; niacin,n = 338; ribo avin, n = 339; thiamin,n = 339; vitamin B-
review and possible retest. The summary QC results for aﬂzégoz 337; vitamin B-6,n = 347; vitamin C,n = 329; and vitamin En
ingredients are presented Bupplemental Tables 2and 3. '
The vast majority of SRM and in-house control results met the
acceptable limits established by the NDL in a previous study for
laboratory between- and within-day precisidi), and vitamins B-12, B-6, C, and E) included. Except for niacin
(with 31% of products labeled above the UL), group Ill products
were rare, with 2...3.5% for magnesium, manganese, zinc, vitamin
B-6, and vitamin C.

In summary, for 12 of 18 nutrients, most products were
Product distributions for folic acid and zinc in comparisonlabeled at or above the maximum RDA and also had high
with their RDAs and ULs are shown iRigure 1, and product market shares. Products with ingredients above the ULs had the
groupings for each nutrient are summarizedale 3. Products lowest market shares. Overages for nutrients varied somewhat
with nutrients labeled below their RDAs were included in groupy proximity of labeled amount to RDAs and ULs: the median
I. All products for calcium, phosphorus, potassium and the vastverage was smaller in group Il than in group | and Il but not
majority of products for magnesium were included in group Istatistically signi cant. For most products, however, applying
for the rest of the ingredients, 2...54% of products were labeldtw analytically determined overages did not change their
below the RDAs. Products labeled between the RDAs and UlLsategorization relative to RDAs and ULs. For detailed results

were in group Il, with 40...99% of products for 12 ingredientand statistical evaluations fofable 3 see the Supplemental
(copper; iodine; iron; zinc; folic acid; niacin; ribo avin; thiamin; Results. Also, the product distributions by percentage differences

fference from label

Product label and analytic content in comparison with
RDAs, ULs, and market shares
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FIGURE 3 Regression plots showing relations between label ingredient amounts and percentage differences from label for analytically measured
mineral(A) and vitamin (B) content. Solid lines indicate the mean predicted percentage differences. Dark-gray belts represent 95% Cls foteithe predi
meanpercentage differences. Light-gray belts represent 95% Cls for the predicted individual observation percentage differences frortidabdleRedan
thelabel and percentage difference from label were estimated by regression with the SAS mixed-model procedure (SAS software version 9.8{6SAS Instit
Inc.Cary, NC). The selected regression equations were used to predict mean analytic concentrations for each ingredient in adult multivigdmin/mine
products:label value 3 (1 predicted percentage difference/100). See detailed statistical methods in the Supplemental Methods.

from label for each ingredient are summarize®umpplemental  boundaries of the rst and third quartiles) were all within 6...9%
Table 4. of label. lodine and selenium had the highest mean values (25.9%
and 23.9%, respectively) and the highest variability (IQR: 24.7%
and 18%, respectively), whereas calcium had a 17.3% mean and
Variability in ingredient content before in uence testing an IQR of 8%. For the vitamins, the mean percentage difference
The complete set of nal laboratory data are graphed iffrom label distribution§ were within 1...15% of the label, with the
box plots Figure 2). For the minerals, the mean percentageexception of thiamin $4.2%). However, the IQRs were more
differences from label distributions for copper, iron, magnesiumvariable, with relatively narrow IQRs (within 8...13%) for niacin,
manganese, phosphorus, potassium, and zinc were within 1...2@% avin, and vitamins B-6, C and E, and wider IQRs (within
of label. The IQRs (measured as the range between the uppet?...26%) for folic acid, thiamin, and vitamin B-12.
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Regression analysis for 18 vitamins and minerals TABLE 4
. . . . . Parameter estimates for regression equations describing relations between
Regression results are reported for 8 vitamins (folic aC'd1abel ingredient claims and percentage difference from the claims for

niacin, ri_bo a_Vinv thiamin, V_itamin B-12_, vitamin 5'6_: Vi_tami_n analytic measurements in nationally representative adult
C, and vitamin E) and 10 minerals (calcium, copper, iodine, irommultivitamin/mineral products
magnesium, manganese, phosphorus, potassium, selenium, and
zinc). After in uence testing, the number of overly in uential . .
. . . . Regression Regression
observations removed ranged from 1 to 7/ingredient. Regression coef - coef cient
results for mean predicted percentage differences from label aggedient Model  cient estimater SE )
the associated SEs varied by ingredient and, in some cases,,\yf_};I
. . merals
ingredient labeled amount.

. . . Calcium Quadratic 0 33.0%+ 6.0
Plpts representlng' bgst t regression models for each in- L 80153+ 0.052
gredient are shown irfrigure 3, including 95% Cls for the ) 0.000227+ 0.000091 0.014
predicted mean and for individual product content. Estimates Copper Mean u 9.0+ 15 0.001
for parameters in the regression equations are listetabie lodine Mean u 26.2+ 2.1 0.001
4. The predicted mean percentage differences from label for thelron Quadratic 0 _ 186+ 33
most common label amount and predicted ranges (variability) for 1 5287+ 0.63
2 0.105+ 0.027 0.001

vitamin and mineral content for adult MVMs are summarized in

. - . Magnesium Mean U 3.35%+ 0.79 0.001
Table 5. If a linear or quadratic regression model was selected, Manganese  Mean " 625+ 0.79 0.001
the predicted mean percentage difference was dependent on thgospnorus — Mean U 8.13+ 0.88 0.001
labeled amount, and a range of percentage differences frompotassium Mean u 87+ 15 0.001
label was predicted. If a mean-only model was selected, theselenium Mean u 2458+ 1.76 0.001
predicted mean percentage difference was not dependent on th&inc Linear 0 8.2+ 1.7
label concentration. _ 1 $0.25+ 0.10 0.017
For 8 ingredients (vitamin B-12, vitamin C, vitamin E, Vitamins
copper, magnesium, manganese, phosphorus, and potassium),'[Iﬁ?"c_ac'd Mean H 132+ 16 0.001
. . . lacin Mean u 15+ 13 0.234
predicted mean percentage differences from label were slightly ibo avin Mean " 1264 25 0.001
above label (3.4...10%) at the most common label amounts anglizmin Linear o §65+ 1.7
across all label values. For 4 ingredients (thiamin, vitamin B-6, 1 0.101+ 0.041 0.017
zinc, and iron), predicted percentage differences from label werevitamin B-12 Mean u 9.0+ 22 0.001
more variable, ranging from slightly belov 6.5% t0S0.5%) Vitamin B-6  Quadratic 0 _ 56% 19
to 8.1...21% above label across the regression ranges (linear 1 S0.32+ 0.14
and quadratic models). For ribo avin and folic acid, predicted u2 O-O%Zﬁ 8-8213 g-ggi
percentage differences werel 3% higher than label for all label vitamin E Mean " ca+ 11 0.001

amounts. For calcium, the predicted percentage differences from

label ranged from 7.1% to 27% (quadratic model). For iodine IRelations between the label and percentage difference from the label

and selenium, the predicted percentage differences from lagre estimated by regression with the SAS mixed-model procedure.

were well above label (26% and 25%, respectively), regardleé/gnlues_,|nd|cate statistical signi cgncefor_ hypothessthat highest order m‘od‘el
. NI coef cient equals zero. See detailed statistical methods and model description

_Of am?””t C_Ia'med' NlaC'_n (1.5% above I"_ibetl) was the 0n|¥n the Online Supplemental Materials, pages 11...12.

ingredient with mean predicted values not signi cantly different

from the label claims. One ingredient, thiamin, had predicted

means slightly below label for a majority of the amounts claimedyaiyses were applied compared with the results from weighted

At the most common label amount, 1.5 mg/serving, the meapgression analyses (data not shown).

analytic content was predicted to be 6.4% below label. Some

ingredients had much higher variability than others, indicated

by differences in both 95% Cls for individual product content g iance component analysis

predictions and in the 95% Cls for the mean value for many ) ) ) ) )
products. This study included 3164 observations for vitamins and 2545

Model validation results indicate that the regression equatioriServations for minerals. O‘; these observation84% were
are better predictors of analytic content than the label claims féindle analytic values, and16% of the values were replicated
most vitamins and minerals, even for those with analytic resuliith 2 analytic values. The total variability in the statistical

close to label values (see the Supplemental Results for detail8iPdels includes components representing variance between
results of model validatiorSupplemental Table 5. supplements, variance between lots within supplements, and
variance between samples within loTgbles 6and7).

For minerals, the supplement variance accounted for 56%
(selenium) to 96% (calcium) of the total variabilitfgble 6.
; For most ingredients, the lot variance component accounted
analysis for 25% of the total variability. Exceptions were iodine and
The effects of RMSE on regression results were examined. Feelenium, with lot variances at40% of total variability. Sample
all minerals and vitamins, the predicted percentage differencesriability was the smallest component of variability (except for
from label claims changed by2% when unweighted regression copper, for which sample and lot variability were similar) and

Analysis weighted by RMSE compared with unweighted
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TABLE 5
Predicted mean percentage difference from label claim based on regression analysis for ingredients measured in adult multivitamin/mitetral produc

Range of predicted Predicted mean %  SE for predicted mean SE for individual
mean % differences ~ Most common label differences at most % difference at most predicted % difference at

Ingredient from label value per serving common label claim common label most common label
Minerals

Calcium 7.1t029.3 162 mg 14.1 1.8 14.7

Copper 9.0 2mg 9.0 1.6 13.9

lodine 26.2 15Qug 26.2 2.1 19.7

Iron $0.5t0 16.4 18 mg 0.9 0.85 5.9

Magnesium 34 100 mg 34 0.80 7.1

Manganese 6.3 2mg 6.3 0.80 7.4

Phosphorus 8.1 109 mg 8.1 0.89 6.4

Potassium 8.7 80 mg 8.7 15 10.5

Selenium 24.6 2@ 24.6 1.8 18.1

Zinc $1.9t08.1 15 mg 4.4 0.60 5.9
Vitamins

Folic acid 13.2 40Qug 13.2 1.6 175

Niacin 15 20 mg 15 1.3 134

Ribo avin 12.6 1.7mg 12.6 25 25.4

Thiamin $6.510 8.6 1.5mg $6.4 1.7 15.9

Vitamin B-12 9.0 6ug 9.0 2.2 225

Vitamin B-6 §3.5t021 2mg 4.9 1.8 154

Vitamin C 8.4 60 mg 8.4 0.96 11.3

Vitamin E 54 271U 5.4 1.1 11.4

1The selected regression equations were used to predict mean analytic concentrations for each ingredient in adult multivitamin/minerahlpebducts: |
valuex (1 + predicted percentage difference/10Mot signi cantly different from the label amount.

accounted for 13.5% of the variability for iron and as little as minerals with high variability compared with the mean (folic

1.4% of the variability for calcium. acid, ribo avin, vitamin B-12, calcium, iodine, and selenium).
Among the vitamins, supplement variance accounted for 37%

(vitamin C) to 94% (ribo avin) of the total variability Table

7). Except for vitamin C, the supplement component accountdd|SCUSSION

for >50% of the total variability. The lot variance components This study of adult MVMs estimated the relation between
accounted for up to one-third of total variability, except forlabel and analytic values for 18 vitamins and minerals in
vitamin C, for which the lot variance was 47% of total variability. products representative of the US market. Reliable analytic
Sample variability was the smallest component of variabilitymethods are now available for many ingredients in DSs.
accounting for 16% of the variability for vitamin C and as little Methods for the analysis of vitamins and minerals that were
as 0.5% of the variability for niacin. originally developed to analyze nutrients in foods have been
In summary, between-supplement variability was the largestodi ed to accommodate the concentrations and matrices in
source of variability for all ingredients, except for vitamin C. OnDSs (16). In addition, methods continue to be optimized as
average, in both vitamins and minerals, the variance associatethnufacturers acquire new ingredient forms (to increase stability
with the supplement plus lot variability was94% of the total or bioavailability) and microencapsulation materials (coatings
variance. The remaining variability was due to sample variabilityused, for example, to increase shelf life or mask taste). DS
The overall mean total variance for vitamins was twice agroducts are sold in different forms (e.g., powders, liquids,
high as for minerals. However there were both vitamins anchblets, capsules, chewables, and gummy candies), which add

TABLE 6

Dietary supplement ingredient variability when separating supplement, lot, and sample variance components fot minerals

Variance component Calcium  Copper lodine Iron  Magnesium Manganese Phosphorus Potassium Selenium Zinc Mean
Total pooled variance 188.2 183.5 375.3 316 48.6 525 38.8 105.2 319.1 32.2 137.5
Total pooled SB 13.7 13.5 19.4 5.6 7 7.2 6.2 10.3 17.9 5.7 11.7
Between supplements, % 95.6 92.9 56.9 64.7 86.3 73.2 75.6 92.4 56.4 70.3 76.4
Between lots within supplements, % 3.1 35 399 218 8.5 185 18.5 4.4 41.6 22.4 18.2
Between samples within lots, % 1.4 3.7 3.1 13.5 5.2 8.2 5.9 3.2 2 7.3 5.4

1The nal regression equations were used for variance component analysis to estimate the variability between supplements, between lotsesithitissepyl between
samples within lots. The supplement variance is an estimate of how the supplements vary around the regression line, excluding the lot and se@spl€heatat variance

component is an estimate of how lots vary around the supplement mean averaged over all supplements, excluding sample variance. The sampipweasgahiseacoestimate of
how samples vary around the lot mean averaged over all lots.
2Square root of variance.
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TABLE 7

Dietary supplement ingredient variability when separating supplement, lot, and sample variance components fot vitamins

Variance component Folic acid Niacin Ribo avin Thiamin Vitamin B-12 Vitamin B-6 Vitamin C Vitamin E Mean
Total pooled variance 295 174.7 628.2 243.7 490.4 214.4 125.9 126.1 287.3
Total pooled SB 17.2 13.2 25.1 15.6 22.1 14.6 11.2 11.2 16.9
Between supplements, % 60.1 79.7 93.9 76.9 80.6 87.3 374 53.4 71.2
Between lots within supplements, % 32 19.8 4.5 20.9 15.3 10.2 46.9 33.7 229
Between samples within lots, % 7.9 0.5 1.6 2.3 4 25 15.7 13 5.9

1The nal regression equations were used for variance component analysis to estimate the variability between supplements, between lotsemititissepyl between
samples within lots. The supplement variance is an estimate of how the supplements vary around the regression line, excluding the lot and se@spl€heata variance
component is an estimate of how lots vary around the supplement mean averaged over all supplements, excluding sample variance. The samphpuasgahisaroestimate of
how samples vary around the lot mean averaged over all lots.

2Square root of variance.

unique challenges to homogenization, complete extraction, ai@@), the between-supplement variability in percentage difference
reproducible quanti cation39). The results for SRMs, in-house from labels was the largest source of variability, followed by
control materials, and product duplicates in this studyss Q@he between-lot and a substantially smaller between-sample
program ensure con dence in the adult MVM results reported. variability. The between-supplement and between-lot variability
The percentage differences from label measured in this studgr selenium and vitamin E in our study largely resembles
were ingredient-specic and largely within the USP limits ndings on selenium and vitamin E amounts in nutritional
applicable in 2005...2007 (product purchase d&4%)(). These supplements purchased and analyzed in 2000...200%.
limits are recommended standards for the analytic content of Products labeled at or above the RDAs (but not exceeding
MVM tablets and capsules: not more than 10% below labelethe ULs) for 12 nutrients (copper; iodine; iron; zinc; folic acid;
amounts for all nutrients, and not more than 25% above labeledacin; ribo avin; thiamin; and vitamins B-12, B-6, C, and E) also
amounts for minerals, 65% for oil-soluble vitamins, and 50% fohad high market shares. If we add the measured overages, these
water-soluble vitamins. Accordingly, in our study, the IQRs forl2 nutrients might be the most probable candidates for population
percentage differences from label for vitamins were much widenutrient overexposure4g). Many consumers take MVMs over
than for minerals, excluding highly variable iodine and seleniunyears, and some combine MVM intake with the intake of higher
For these minerals, the USP has recently expanded the limits dosage single vitamin or mineral DSs and highly forti ed foods,
60% above labeldl, 32). Also, for most products, applying the and this raises safety concerns if the ULs are exceediedi3(
analytically determined ingredient overages did not change thedd). NHANES 2003...2006 data indicated that although DS use
categorization relative to the RDAs and ULs. reduced the percentage of adultslQ y) below the Estimated
During MVM manufacturing, many companies intentionally Average Requirement for calcium; magnesium; and vitamins A,
add higher than claimed ingredient concentrations to compensdde C, and E, it also increased the percentage of participants
for losses during the shelf life, and this practice probablyhose intake exceeded ULs for niacin, vitamin A, folate, iron,
contributed to the overages measured in adult MVMs. Wenagnesium, and zincl). In our study, the products with the
found that overall nutrient overages did not differ betweer6 nutrients that were labeled above their ULs had low market
products labeled below and at or above RDAs. In productshares. Thus, such products are less likely to lead to overexposure
labeled at or above ULs, overages were also measured, indicatiaigthe population level, although they still may be a concern
that manufacturers appeared to apply overages even to hifgr individual consumers4®) and increase their risk of adverse
amounts of labeled ingredients. This conclusion about industipteractions [e.g., between MVM and prescription medicines
practice was supported by the results of our systematic regressi@é, 47)].
analyses. Independent of the proximity of labeled amounts to Monitoring total nutrient intake with the use of DSID
RDAs and ULs, predicted mean percentage differences froamalytically veri ed ingredient content is necessary to adequately
label exceeded labeled amounts by 3...13% for 10 nutrieetgaluate the populationes nutritional status and adherence to
(copper; manganese; magnesium; phosphorus; potassium; fafietary recommendations, and to ensure consumer safpty (
acid; ribo avin; and vitamins B-12, C, and E); and by25% The DSID provides research tools to more accurately assess
for selenium and iodine. Predicted values for niacin were natutrientintake from DSs. DSID estimates complement the USDA
signi cantly different from the label claims. In contrast, thiamin, Agricultural Research Service National Nutrient Database for
vitamin B-6, calcium, iron, and zinc had linear or quadraticStandard Reference data for foodl,(48). The regression
relations between the labels and the percentage differences freguations are implemented in an online interactive *Adult MVM
label, with ranges fron$ 6.5% t0 8.6%S 3.5% to 21%, 7.1% to CalculatorZ released with DSID-39). Analytically adjusted
29.3%,50.5% to 16.4%, an& 1.9 to 8.1%, respectively. Only amounts of 18 ingredients are linked to the adult MVMs reported
zinc had a negative slope, indicating smaller predicted overagasthe NHANES 2003...20089).
for higher labeled content. A second set of adult MVMs was purchased in 2011 and
Another aspect of DS manufacturing is the apparent noranalyzed with similar methods to assess the dynamics of DSID
standardized application of overages between different manufaestimates and their applicability to various cycles of NHANES.
turers, which may be a major factor in the variability seen irCurrently, DSID adjustments are linked to the NHANES cycles
these products. For all minerals and vitamins (except for vitamipreceding, coinciding with, and after the productse purchase date
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for each study. The results of the follow-up adult MVM study will 10.

be released in DSID-4, with estimates for vitamin D, vitamin A,
and chromium.
In conclusion, we found that many ingredients in adult MVMs

had mean percentage differences that were above label clains.

and were highly variable between individual products in a
representative sampling of the US market. For the rst time,
to our knowledge, we provide unique information on overage;s
statistics and sources of ingredient content variability across
the wide landscape of adult MVMs. DSID adjustments can be
applied to DS label information for more precise assessments of
nutrient intake from DSs. The risk of excessive intake should be

investigated when nutrient intake from foods, especially forti ed 14.

foods, is combined with nutrient overages in MVMs and a
prevalence of products labeled at or above the RDAs.

15.

We thank Joanne M Holden (deceased) for her vision and expertise. We

thank Jaime J Gahche for providing essential materials and advice regularly6.

via the Dietary Supplement Working Group; Charles Perry, who provided
statistical advice for the sampling plan; and National Institute of Standards
and Technology, for providing Standard Reference Material 3280 for the
study.

The authorse responsibilities were as follows,KWA, IMR, PRP, and JTD:
designed the research (project conception, development of overall resear%
plan, and study oversight); KWA and JMR: conducted the research (hands-
on conduct of experiments and data collection); KWA, JMR, PAG, JP, PTD,

SS, FH, and LWD: analyzed the data or performed statistical analysis; KWA,19.

PAG, and LWD: wrote the manuscript; KWA, PAG, LWD, and JTD: had

primary responsibility for the nal content; KWA, JMR, and PRP: supervised
the study; JMB: provided essential materials; JTD, JMB, LGS, and RLB:
provided advice regularly via the Dietary Supplement Working Group; and all
authors: provided critical revision of the manuscript for important intellectual
content and read and approved the nal manuscript. None of the authors
reported a con ict of interest related to the study.

REFERENCES

1. Fulgoni VL lll, Keast DR, Bailey RL, Dwyer J. Foods, forti cants,
and supplements: where do Americans get their nutrients? J Nutr
2011;141:1847...54.

2. Bailey RL, Dodd KW, Goldman JA, Gahche JJ, Dwyer JT, Moshfegh

AJ, Sempos CT, Picciano MF. Estimation of total usual calcium and 23.

vitamin D intakes in the United States. J Nutr 2010;140:817...22.
3. National Center for Health Statistics. Centers for disease control and
prevention. About the National Health and Nutrition Examination

Survey, National Center for Health Statistics. 2014 [cited 2015 Dec 21].24.

Available from:http://www.cdc.gov/nchs/nhanes/about_nhanes.htm

4. Bailey RL, Gahche JJ, Miller PE, Thomas PR, Dwyer JT. Why US 25.

adults use dietary supplements. JAMA Intern Med 2013;173:355...61.

5. Bailey RL, Fulgoni VL Ill, Keast DR, Dwyer JT. Examination of
vitamin intakes among US adults by dietary supplement use. J Acad
Nutr Diet 2012;112:657...63.e4.

6. Macpherson H, Pipingas A, Pase MP. Multivitamin-multimineral 26.

supplementation and mortality: a meta-analysis of randomized
controlled trials. Am J Clin Nutr 2013;97:437...44.

7. Fortmann SP, Burda BU, Senger CA, Lin JS, Whitlock EP. Vitamin
and mineral supplements in the primary prevention of cardiovascular
disease and cancer: an updated systematic evidence review for the U.S.

Preventive Services Task Force. Ann Intern Med 2013;159:824...34. 28.

8. Angelo G, Drake VJ, Frei B. Efcacy of multivitamin/mineral
supplementation to reduce chronic disease risk: a critical review of the
evidence from observational studies and randomized controlled trials.
Crit Rev Food Sci Nutr 2015;55:1968...91.

9. Bailey RL, Fakhouri TH, Park Y, Dwyer JT, Thomas PR, Gahche JJ,
Miller PE, Dodd KW, Sempos CT, Murray DM. Multivitamin-mineral
use is associated with reduced risk of cardiovascular disease mortality
among women in the United States. J Nutr 2015;145:572...8.

11.

17.

20.

21.

22.

27.

30.

ANDREWS ET AL.

Comerford KB. Recent developments in multivitamin/mineral research.
Adv Nutr 2013;4:644...56.

ConsumerLab.com. Multivitamin and multimineral supplements review
[cited 2015 Dec 21]. Available fronhttps://www.consumerlab.com/re
views/multivitamin_review_comparisons/multivitamins/

LeDoux MA, Appelhans KR, Braun LA, Dziedziczak D, Jennings
S, Liu L, Osiecki H, Wyszumiala E, Grifths JC. A quality dietary
supplement: before you start and after itss marketed,a conference
report. Eur J Nutr 2015;54(Suppl 1):S1...8.

. US Department of Agriculture and US Department of Health and

Human Services. Report of the dietary guidelines advisory committee
on the dietary guidelines for Americans, 2010 [cited 2015 Dec 21].
Available from:http://www.cnpp.usda.gov/sites/default/ les/dietary g
uidelines_for_americans/2010DGACReport-camera-ready-Jan11-11.
pdf.

Institute of Medicine, Food and Nutrition Board. Dietary reference
intakes tables and application [cited 2015 Dec 21]. Available
from: http://iom.nationalacademies.org/Activities/Nutrition/Summary
DRIs/DRI-Tables.aspx

Coates PM. Dietary supplements and health: the research agenda.
Novartis Found Symp 2007;282:202...7, discussion 207...18.
Roseland JM, Holden J, Andrews K, Zhao C, Schweitzer A, Harnly
J, Wolf W, Perry C, Dwyer J, Picciano M,, et al. Dietary supplement
ingredient database (DSID): preliminary USDA studies on composition
of adult multivitamin-mineral supplements. J Food Compost Anal
2008;21:S69...77.

Dwyer J, Picciano MF, Raiten DJ. Estimation of usual intakes: what we
eat in America,NHANES. J Nutr 2003;133:609S...23S.

. Dwyer J, Picciano MF, Raiten DJ. Food and dietary supplement

databases for what we eat
2003;133:624S...34S.

US Department of Agriculture. Agricultural Research Service, US
Department of Health and Human Services, National Institutes of
Health, Of ce of Dietary Supplements. Dietary supplement ingredient
database (DSID); release 3.0 [cited 2015 Mar 25]. Available from:
http://dsid.usda.nih.gov/

Pehrsson PR, Haytowitz DB, Holden JM, Perry CR, Beckler DG.
USDAEes national food and nutrient analysis program: food sampling.
J Food Comp Anal 2000;13:379...89.

US Department of Agriculture. Agricultural Research Service. USDA
national nutrient database for standard reference (SR), release 28, 2015
[cited 2015 Dec 21]. Available fromhttp://www.ars.usda.gov/Service
s/docs.htm?docid=8964

National Center for Health Statistics. Centers for Disease Control
and Prevention. National health and nutrition examination survey.
NHANES 2001-2002 dietary data [cited 2015 Dec 21]. Available
from: http://wwwn.cdc.gov/nchs/nhanes/search/DataPage.aspx?Comp
onent=Dietary&CycleBeginYear=2001

Murphy SP, Wilkens LR, Monroe KR, Steffen AD, Yonemori KM,
Morimoto Y, Albright CL. Dietary supplement use within a multiethnic
population as measured by a unique inventory method. J Am Diet Assoc
2011;111:1065...72.

Nutrition Business Journal. NBJes global supplement & nutrition
industry report 2007. New York: Penton Media Inc.; 2007.

National Center for Health Statistics. Centers for Disease Control
and Prevention. National Health and Nutrition Examination Survey.
NHANES 2003-2004 dietary data [cited 2015 Dec 21]. Available
from: http://wwwn.cdc.gov/nchs/nhanes/search/DataPage.aspx?Comp
onent=Dietary&CycleBeginYear=2003

Fed.Biz.Opps.Gov [cited 2015 Dec 21]. Available frdmtps://www.
fbo.govl

Dwyer JT, Holden J, Andrews K, Roseland J, Zhao C, Schweitzer A,
Perry CR, Harnly J, Wolf WR, Picciano MF,, et al. Measuring vitamins
and minerals in dietary supplements for nutrition studies in the USA.
Anal Bioanal Chem 2007;389:37...46.

US Department of Commerce. National Institute of Standards &
Technology, certi cate of analysis, standard reference material 3280,
multivitamin/multielement tablets [cited 2015 Dec 21]. Available from:
https://www-s.nist.gov/m-srmors/certificates/3280.pdf

in  America,NHANES. J Nutr

29. United States Pharmacopeia. National formulary, USP28-NF23.

Rockville (MD): United States Pharmacopeial Convention; 2004.
Andrews KW, Schweitzer A, Zhao C, Holden JM, Roseland JM, Brandt
M, Dwyer JT, Picciano MF, Saldanha LG, Fisher KD,, et al. The
caffeine contents of dietary supplements commonly purchased in the



31

32.

33.

34.

35.

36.

37.

38.

39.

ANALYTICAL ESTIMATES FOR INGREDIENTS IN ADULT MVMs

US: analysis of 53 products with caffeine-containing ingredients. Anal 40.

Bioanal Chem 2007;389:231...9.
The United States Pharmacopeial Convention. Oil- and water-
soluble vitamins with minerals tablets United States Pharmacopeia

National Formulary, USP39-NF34. Rockville (MD): The United States 41.

Pharmacopeial Convention; 2016. p. 7014...40.
The United States Pharmacopeial Convention. Oil- and water-

soluble vitamins with minerals capsules. United States Pharmacopeid?2.

National formulary, USP39-NF34. Rockville (MD): The United States
Pharmacopeial Convention; 2016. p. 6974...7001.
Association of Ofcial Analytical Chemists International. Of cial

methods of analysis, 18th ed. Gaithersburg (MD): Association of 43.

Of cial Analytical Chemists International; 2005.
The United States Pharmacopeial Convention. Oil- and water-

soluble vitamins with minerals tablets. United States Pharmacopeiad4.

National formulary, USP28-NF23. Rockville (MD): The United States
Pharmacopeial Convention; 2004. p. 2155...73.

Asami DK, Hong YJ, Barrett DM, Mitchell AE. Comparison of
the total phenolic and ascorbic acid content of freeze-dried and air-
dried marionberry, strawberry, and corn grown using conventional,

organic, and sustainable agricultural practices. J Agric Food Cherm46.

2003;51:1237...41.
Cort WM, Vicente TS, Waysek EH, Williams BD. Vitamin E content

of feedstuffs determined by high-performance liquid chromatographic47.

uorescence. J Agric Food Chem 1983;31:1330...3.
US Food and Drug Administration. Guidance for industry: a food
labeling guide (14. Appendix F: calculate the percent daily value

for the appropriate nutrients) [cited 2016 Jul 6]. Available from: 48.

http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsR
egulatorylnformation/LabelingNutrition/ucm064928.htm

Linsinger T. Comparison of measurement result with the certi ed 49.

value. Geel (Belgium): Joint Research Centre, Institute for Reference
Materials and Measurements; 2005.

Szpylka J, DeVries JW. Determination of beta-carotene in
supplements and raw materials by reversed-phase high pressure liquid
chromatography: collaborative study. J AOAC Int 2005;88:1279...91.

45.

539

The Unites States Pharmacopeial Convention. Oil and water-soluble
vitamins with minerals capsules. Unites States Pharmacopeia,
National formulary, USP 28-NF23. Rockville, MD: The United States
Pharmacopeial Convention; 2004. p. 2145...49.

Feifer AH, Fleshner NE, Klotz L. Analytical accuracy and reliability
of commonly used nutritional supplements in prostate disease. J Urol
2002;168:150...4, discussion 154.

Veatch AE, Brockman JD, Spate VL, Robertson JD, Morris
JS. Selenium and nutrition: the accuracy and variability of the
selenium content in commercial supplements. J Radioanal Nucl Chem
2005;264:33...8.

NIH State-of-the-Science Panel. National Institutes of Health state-of-
the-science conference statement: multivitamin/mineral supplements
and chronic disease prevention. Ann Intern Med 2006;145:364...71.
Dickinson A, MacKay D. Health habits and other characteristics of
dietary supplement users: a review. Nutr J 2014;13:14.

Mulholland CA, Benford DJ. What is known about the safety
of multivitamin-multimineral supplements for the generally healthy
population? Theoretical basis for harm. Am J Clin Nutr 2007;85:318S...
22S.

Yetley EA. Multivitamin and multimineral dietary supplements:
de nitions, characterization, bioavailability, and drug interactions. Am

J Clin Nutr 2007;85:269S...76S.

Seely D, Kanji S, Yazdi F, Tetzlaff J, Singh K, Tsertsvadze A, Sears
ME, Tricco A, Ooi TC, Turek M,, et al. Dietary supplements in adults
taking cardiovascular drugs comparative effectiveness reviews, 2012th
ed. US Agency for Healthcare Research and Quality; 2012.

Ahuja JK, Moshfegh AJ, Holden JM, Harris E. USDA food and nutrient
databases provide the infrastructure for food and nutrition research,
policy, and practice. J Nutr 2013;143:241S...9S.

US Department of Agriculture. Agricultural Research Service, US
Department of Health and Human Services, National Institutes of
Health, Of ce of Dietary Supplements. Dietary supplement ingredient
database (DSID); release 3.0. Adult MVM calculator [cited 2015 Dec
21]. Available from:ttp://dsid.usda.nih.gov/ingredient_calculator/calc
_adult.php



Update

The American Journal of Clinical Nutrition
Volume 111, Issue 4, April 2020, Page 920

DOI: https://doi.org/10.1093/ajcn/nqz278




Corrections r

Corrigendum to Andrews KW, Roseland JM, Gusev PA, Palachuvattil J, Dang PT, Savarala S, Han F, Pehrsson PR, Douglas
LW, Dwyer JT, Betz JM, Saldanha LG, Bailey RL. Analytical ingredient content and variability of adult multivitamin/mineral
products: national estimates for the Dietary Supplement Ingredient Datafasd. Clin Nutr. 2017 Feb;105(2):526...539. doi:
10.3945/ajcn.116.134544. Epub 2016 Dec 14.

Pages 526...38tips://doi.org/10.3945/ajcn.116.13454%rors appear in Figure 1 and Table 3, which affect the text in the results
section on the proportion of products that exceed the Tolerable Upper Intake Levels (UL) for folate for males and females ages 1¢
years and older.

Recommended Dietary Allowances (RDAs) and ULs for vitamins may use different units or have different calculations for natural

and synthetic forms. The ULs for folate established by the Food and Nutrition Board (FNB) of the National Academies of Sciences,
Engineering and Medicine, apply to the synthetic form of folate obtained from supplements, forti ed foods, or a combination of the

two. The amounts are in micrograms folic acid and not dietary folate equivalents (DFE). Thus, the UL for men or wasghié

100Qug/ day folic acid and not 10Q@/ day DFE as reported in the paper.

Using the corrected UL value, there were no adult multivitamin/mineral products labeled above thg UW0&mount in the analyzed
nationally representative sample of adult multivitamin dietary supplements. In Table 3, the number of Group Il products labeled in the
range from maximum RDA to maximum UL is 97. The overall mean % difference from label is 12.1% and its range $28oin

to 66.1%. The new RMSE (mean SD) is 0.65+ 1.52. Except for niacin (with 31% of products labeled above the UL), group IlI
products were rare, with 2...3.5% for magnesium, manganese, zinc, vitamin B-6, and vitamin C.

In addition, to calculate the RDA for vitamin E, we now have applied the alpha-tocopherol conversion factor for products with synthetic
vitamin E. In Table 3, the number of products labeled below the vitamin E RDA increased from 3 to 34 and number of product within
the RDA-UL range decreased from 87 to 56 (correct overall mean percentage differences from label and its rar§e:56t6824);

group I1: 3.6 §47.6 to 24.5); correct RMSE, 0.902 .09, 0.56+ 1.15; group | and Il, respectively).

The authors regret these errors.
doi: https://doi.org/10.1093/ajcn/nqz278
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