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Research Summary for the
Dietary Supplement Ingredient Database - Release 1 (DSID-1)

1. Introduction

The Nutrient Data Laboratory (NDL) at the Beltsville Human Nutrition Research Center
(BHNRC), U.S. Department of Agriculture, Agricultural Research Service (USDA/ARS), has
been working with the Office of Dietary Supplements, National Institutes of Health
(ODS/NIH) and other federal agencies to plan and develop a Dietary Supplement
Ingredient Database (DSID) to evaluate levels of ingredients in dietary supplement
products. The DSID is funded, in large part, by the Office of Dietary Supplements. It
builds on the well-recognized strengths of the USDA/ARS in developing food composition
databases that support the assessment of intake of nutrients from foods. ODS provides
leadership, jointly with its federal partners, to make this a reality. The consortium of federal
agencies includes ODS and partners at USDA/ARS, the National Center for Health
Statistics of the Centers for Disease Control and Prevention (NCHS/CDC), The Food and
Drug Administration (FDA) , the National Cancer Institute (NCI), NIH, and the National
Institute of Standards and Technology (NIST) of the Department of Commerce.

The goals for the Dietary Supplement Ingredient Database (DSID) are to
e develop reliable baseline estimates of ingredients and other bioactive
components in dietary supplement products
e report on analyzed levels of ingredients relative to labeled values
e support improved dietary intake assessments in research by providing
analytical estimates of the ingredient content of marketed dietary
supplements
e release and maintain a publicly available on-line composition database for
dietary supplements
Eventually, this database will give researchers and healthcare professionals access to
information on analytically validated levels of ingredients in a variety of dietary
supplements including multivitamin/mineral products (MVMs), single ingredient
products, fish oil products containing omega-3-fatty acids, and botanically-based
supplements.

The Dietary Supplement Health and Education Act (DSHEA) of 1994, defines a dietary
supplement as:

e a product (other than tobacco) that is intended to supplement the diet that bears
or contains one or more of the following dietary ingredients: a vitamin, a mineral,
an herb or other botanical, an amino acid, a dietary substance for use by man to
supplement the diet by increasing the total daily intake, or a concentrate,
metabolite, constituent, extract, or combinations of these ingredients.

e intended for ingestion in pill, capsule, tablet, or liquid form.

e not represented for use as a conventional food or as the sole item of a meal or
diet.

e labeled as a "dietary supplement.”



The literature reveals a wide variation in currently used definitions for the terms
multivitamin and multivitamin/multimineral (MVM). The working definition for an adult
MVM for DSID studies is based on the NCHS/CDC paper in which multivitamin/mineral
products are defined as containing “three or more vitamins, with or without minerals”
(Radimer et al, 2004).

2. Background

In 2004, the federal consortium identified DSID priorities for products and ingredients of
public health and research interest. The initial prioritization of product types was
determined by evaluating reported consumption patterns of dietary supplements
obtained from the National Health and Nutrition Examination Survey (NHANES) 1999-
2000 dietary supplement data file. (NHANES provides information obtained from nearly
5,000 individuals annually, including food intake records assessed with two 24-hour
dietary recalls plus reported dietary supplement intake over the previous month.) Adult
MVM products were identified as a top priority because they are the most commonly
reported dietary supplement type in NHANES. Other highly ranked supplement product
categories initially identified for chemical analysis due to high weighted frequency of use
were antacids, calcium supplements and vitamin E, vitamin C, and B-vitamin products.

In order to set priorities for ingredient analysis, dietary supplement ingredients were
ranked using a weighting system that included the following factors: population
exposure based upon frequency of reported use, NIH research interest, availability of
valid analytical methods and measurement capabilities, and public health importance
(Dwyer et al, 2006). Each factor was assigned a weight based on the relative
importance and each item was scored for that factor. The sums of the weighted scores
were then rank-ordered to yield a priority list. The seven highest priority dietary
supplement ingredients were identified: Folic acid, vitamin C, retinol, beta-carotene,
vitamin E (alpha-tocopherol), calcium, and iron. Other priority nutrients were also
identified: Riboflavin, thiamin, niacin, vitamin B-6, vitamin B-12, vitamin D, vitamin K,
phosphorus, potassium, copper, selenium, chromium, manganese, magnesium, zinc,
and iodine. Ingredients of lower priority will be considered for study in later phases of
DSID research (Dwyer et al, 2007). Pilot studies were conducted to address key
challenges of dietary supplement laboratory analysis, including evaluation of sample
handling procedures and analytical methods.

3. Pilot Studies

a. Laboratory and Analytical Methods Pilot Study

In order to qualify laboratories for the analysis of prioritized dietary components in
supplement products, preparation and method protocols for priority vitamins and
minerals in adult MVM products were assessed and evaluated. Four commercial or
academic laboratories analyzed each priority nutrient in 2 MVM control materials five
times over a period of several months. One of these MVMs was NIST SRM 3280,
under development at the time of the study. Variability for each nutrient in each lab was



reviewed, compared to the preliminary NIST results and presented to a federal working
group.

Pilot study findings: The expert federal working group identified acceptable method
variability and acceptable labs for future DSID analytical work.

Study Communications: More details on this study were published in the Journal of
Food Composition and Analysis (Roseland et al, 2008). A copy of the journal article is
available at this URL:
http://www.ars.usda.qgov/SP2UserFiles/Place/12354500/Articles/JFCA21 S69-S77.pdf

b. Common Level (CL) Pilot Study

This pilot study was designed and conducted with the following objectives:

e To determine if systematic relationships exist between label and analytical values
for nutrients in adult multivitamin/mineral (MVM) products

e To assess the nutrient variability between products labeled at up to four of the
most common labeled levels for each priority vitamin and mineral

e To evaluate this common level (CL) approach for planning future studies

In order to identify the most common labeled levels for priority vitamins and minerals,
the NHANES 2001-02 data file was analyzed. The nutrients evaluated were vitamins C,
A (retinol and beta-carotene), E, B-6, B-12, D, folic acid, niacin, riboflavin, thiamin, and
the minerals calcium, iron, chromium, copper, iodine, magnesium, manganese,
phosphorus, potassium, selenium, and zinc. Using the previously described MVM
definition, 541 adult MVM products in the file were identified. These products were
searched and summarized for nutrient amounts, weighted frequency of use, number of
supplements and number of respondents. The most frequently reported three or four
levels per nutrient were identified. Adult MVM products with nutrients at these levels
were identified for laboratory analysis. The most common labeled level for 16 of the 23
nutrients was 100% of the Daily Value. Using a sampling plan developed in consultation
with our statistician, a total of 219 different MVM products were purchased locally,
including six products from each CL for each nutrient.

After purchase, products were analyzed for the eleven vitamins and eleven minerals
listed above. Quality control (QC) materials, including standard reference materials
(SRMs), blinded duplicates and in-house reference materials were added to each batch
of samples in order to evaluate laboratory precision and accuracy on an on-going basis.
Most of the vitamins were analyzed by validated HPLC methods, while most of the
minerals were analyzed by ICP. Six products at each CL were analyzed; over 500
nutrient analyses were completed. The findings from this study facilitated development
of a comprehensive analytical study of adult MVMs.

Pilot study findings: Evaluation of pilot study results focused on comparing analytical
results to labeled nutrient levels for each nutrient. Laboratory results were statistically




evaluated at each common level (n=6 products) and for each nutrient (typically n=18 or
24). Three nutrients (thiamin, selenium and vitamin B-6) had mean % difference from
label values that were >20% above label and significantly different from label for all the
levels analyzed. For 10 nutrients analyzed (magnesium, iron, niacin, zinc, phosphorus,
potassium, calcium, manganese, vitamin C, and riboflavin), the mean % difference from
label and standard deviation were both less than 10%, indicating that the analytical
results for these nutrients in MVM products were consistently close to labeled levels
across the common levels evaluated. Results were more variable for the five other
vitamins and minerals studied (vitamin E, copper, vitamin B-12, folic acid and iodine).

Study Communications: Data and information about this study, also called the “Percent
DV study”, have been presented at several national meetings including Experimental
Biology, Institute of Food Technologists, and the National Nutrient Databank
Conference. These posters and oral presentation listings can be viewed by using the
“Publications and Presentations” link on the DSID web site or by accessing this URL:
http://www.ars.usda.gov/Aboutus/docs.htm?docid=15356 Detailed information about this
study is being prepared for publication in a peer-reviewed journal.

4. Nationwide Adult MVM study

a. Sampling Plan and Product Purchase Information

NDL developed a sampling plan for foods and beverages, established in cooperation
with statisticians from the USDA National Agricultural Statistics Service (NASS). The
plan permits the selection of sample units from multiple geographic areas of the U.S. to
obtain reliable and representative estimates of means with known variability for nutrient
content (Pehrsson et al, 2006). Similarly, NDL has consulted with statisticians to set up
a sampling frame and product-specific plans for the collection of dietary supplement
product samples, to assure that samples being analyzed are representative of the
market place. In addition to the NDL experience for sampling foods, other resources
used to develop the sampling plans include NHANES dietary supplement data files
which are population-weighted to indicate reported usage trends, market share
information from the supplement industry, survey results from dietary supplement
researchers, and consultations with cooperating statisticians.

NDL conducted a nationwide adult MVM study in two phases. The purpose of Phase 1
was to provide nationally representative estimates for nutrients in products commonly
reported by the U.S. population and to assess variability in specific products. The
second phase was conducted to (a) obtain data for estimating nutrient levels in lower-
market share products (LMS) and (b) obtain additional data to augment the Phase 1
data, for the purpose of conducting statistical regression analysis at specific nutrient
levels. To identify representative products for Phase 1 of the study, NDL commissioned
an independent marketing firm to obtain current market data in April/May 2006 including
the names of commonly reported adult MVMs by brand name and type, along with the
point of purchase for each product. The firm reported that the data were weighted to



U.S. census data and nationally representative of the U.S. population at the 95%
confidence level.

The market-share data for most frequently reported products were cross-referenced to
product prevalence and frequency of intake information from two national surveys: the
National Health and Nutrition Examination Survey (NHANES) 2001-02 and the
Multiethnic Cohort (MEC) study of supplements reported by adults in Hawaii and
California (Murphy, et al). This step was conducted in order to include products
commonly reported in national surveys. Based on current national market-share data,
the products identified for Phase 1 represented over 55% of the most commonly
reported adult MVM products and are identified in this study as top market share (TMS)
products. Products were purchased locally in Maryland and in 5 additional states: MN,
TX, CA, GA, and VA. Samples (n=210) in the six locations were obtained from various
market channels proportional to estimated use including mass merchandisers, health
food stores, direct marketers, multilevel marketers, internet, and medical practitioners.

For Phase 2, about 80 representative lower market share (LMS) adult MVM products
were identified using NHANES 2003-04 dietary supplement data. These products were
purchased in appropriate market channels in the same 6 geographic locations as in
Phase 1. LMS Adult MVM products were defined as products with market share below
the Phase 1 products and reported in NHANES 2003-04 by >1 respondent or with
>0.01% weighted frequency. A total of 148 products, representing approximately 24%
market share, met these criteria. The remainder of the adult MVM market share, which
were not part of the TMS and LMS segments of the study included NHANES products
with >0.01% weighted frequency, products reported by > 1 respondent, and NHANES
generic and default products. Representative products for the study were randomly
identified for purchase within each of the 3 statistically determined LMS tiers (8%
market share each). Samples were obtained from various market channels including
mass merchandisers, health food stores, direct marketers, internet, and medical
practitioners. The results of the purchasing mix for some products included duplicate
lots for the same product purchased in different geographic locations. Unique lots of
products were prioritized for analysis. All of the products analyzed for this study were
purchased in 2006-07. Ingredient levels for up to six lots of each TMS product and up
to three lots of each LMS product were measured in 2007-08.

b. Laboratory Analysis

Products were purchased nationwide and sent to NDL for processing. QC materials,
including SRMs, blinded duplicates and in-house reference materials were added to
each batch of samples in order to evaluate laboratory precision and accuracy on an on-
going basis. Qualified analytical contract and collaborative laboratories determined the
levels of nutrients in sample sets using validated sample-handling protocols and
appropriate methods, to obtain analytical information about the levels of these nutrients.

Eight minerals (calcium, copper, iron, magnesium, manganese, phosphorus, potassium,
and zinc) were analyzed by inductively-coupled plasma spectrometry (ICP) after wet-



ashing. Selenium was analyzed by hydride generation/atomic absorption spectroscopy
and iodine levels were determined by thiosulfate titration. Five vitamins (vitamins C and
B-6, thiamin, riboflavin and niacin) were analyzed using high performance liquid
chromatography (HPLC) with UV detection. Two vitamins (folic acid and vitamin B-12)
were determined using microbiological methods and vitamin E was analyzed using
HPLC with fluorescence detection. For four nutrients in the study (chromium, beta-
carotene, retinol and vitamin D), data results are not final. These will be published in
future releases of DSID.

c. Statistical Analysis

Ingredient data from laboratory analysis were prepared for statistical analysis by
averaging duplicate observations and obtaining market share weights for weighted
regression analysis. These data were then examined for observation and supplement
influence based on restricted likelihood distance. Regression analysis of the complete
data set (both TMS and LMS product data) was conducted using a SAS mixed model
procedure. A regression equation was derived for each supplement ingredient using
the label value as the independent variable and the percent difference from the label
(based on the laboratory analysis) as the dependent variable.

The resulting equations estimate the actual level in the product (expressed as a percent
difference from the label value) for a range of labeled levels. In addition, a standard
error of the mean and a standard error for an individual serving were calculated at each
labeled level. Since the regression equation is used to predict nutrient values of
independent samples of supplements, standard errors were adjusted to reflect this
expected greater prediction variability using sums of squares. Regression equations
were validated using a similar but independent set of data from the common level (CL)
pilot study.

d. Summary of nationwide Adult MVM study results

Detailed results for this study, including all regression equations and applications to
NHANES dietary supplement data files are listed in the data files released in DSID-1.
Regression results for mean predicted percent differences from label and the
associated standard errors varied by ingredient and ingredient level.

For six ingredients (manganese, niacin, phosphorus, potassium, vitamin C and vitamin
B-12), predicted percent differences are between 0 and 10% above label across the
entire regression range. For two ingredients (zinc and vitamin E) predicted percent
differences are between 0 and 10% above label for most of the regression range, falling
slightly below label at the highest levels (30 mg and 230 mg, respectively) on the
regression curve. For three ingredients (folic acid, magnesium and riboflavin), predicted
percent differences are between 0 and 14% above label across the entire regression
range. For four ingredients (selenium, iodine, thiamin and vitamin B-6), predicted
amounts are >16% above label across the entire regression range. For three



ingredients (copper, calcium, and iron), predicted amounts were more variable, ranging
from -1.5 to +29% of the labeled levels.

The results for the most common labeled level for each ingredient in the Adult MVM
study are summarized in Tables A and B below. Table A lists the predicted percent
difference from label for vitamins and Table B lists the predicted percent difference from

label for minerals.

Table A. Vitamin Results at Most Common Labeled Level

Most Common Labeled

Predicted Percent Difference

Vitamin Level from Label
(at most common level)

Folic Acid 400 mcg 14 %
Niacin 20 mg 1.8%
Riboflavin 1.7 mg 12 %
Thiamin 1.5mg 18 %
Vitamin B-12 6 mcg 9.2%
Vitamin B-6 2mg 26 %
Vitamin C 60 mg 7.7%
Vitamin E 301U 5.9%

Table B. Mineral Results at Most Common Labeled Level

Most Common Labeled

Predicted Percent Difference

Mineral Level from Label
(at most common level)
Calcium 162 mg 14 %
Copper 2mg 7.6 %
lodine 150 mcg 26 %

Iron 18 mg 0.7 %
Magnesium 100 mg 2.2%
Manganese 2mg 6.7 %
Phosphorus 109 mg 8.0 %

Potassium 80 mg 6.9 %
Selenium 20 mcg 26 %
Zinc 15 mg 4.1 %




e. Use of Regression Equations

The regression equations released in DSID-1 predict the percent difference from label
for 18 nutrients found in adult multivitamin/mineral supplements within the range of label
values available in the national sample. The predictions are based solely on the labeled
level. Therefore the predictions are not brand or supplement specific. The predicted
percent difference from label can be used to calculate the predicted amount per serving.
These predictions can be used to predict the mean nutrient amount per serving for the
national population of supplements at a given label value. The “Predicted Amount per
Serving SEM” is the standard error for this prediction.

The prediction equation could also be used to predict the nutrient amount per serving
for a random national sample from a single container at a given label value. The
“Predicted Amount per Individual Serving SE” is the standard error for this prediction.
The standard error for this prediction is generally quite large. This is reflection of the
very specific nature of this prediction as compared to the former prediction which
represents the mean of many brands, supplements, lots and samples as would occur in
a national sample.

The details of the DSID-1 data files are described in a separate companion report, “Data
Files and Description” with other DSID-1 release documents. Please refer to that
report for further details about how to interpret and use each individual data file.

Study Communications: Data and information about the adult MVM study have been
presented at several national meetings of Experimental Biology, the American Dietetic
Association, SupplySide East/West, and the National Nutrient Databank Conference.
These posters and oral presentation listings can be viewed by using the “Publications
and Presentations” link on the DSID web site or by accessing this URL:
http://www.ars.usda.gov/Aboutus/docs.htm?docid=15356 Detailed information about
this study is being prepared for publication in a peer-reviewed journal.

5. Future Plans

Future data releases are planned, to include estimates for vitamin D, beta-carotene,
retinol, and chromium in adult MVMs. In addition, studies of nutrient content in children’s

MVMs and of omega-3 fatty acids in fish oil products will be conducted, for application to
later releases.
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