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Overview 
 
 
 
 
 
 
 
 
 
 
 
 

DIETARY REFERENCE INTAKES 
RESEARCH SYNTHESIS WORKSHOP 

 
What information is available to inform the planning of a nutrition 

research agenda for the United States and Canada? This question pro-
vided the backdrop for the Dietary Reference Intakes Research Synthesis 
project undertaken by the Food and Nutrition Board of the Institute of 
Medicine (IOM) of the National Academies. The Dietary Reference In-
takes (DRIs) are quantitative reference values for recommended intakes 
and tolerable upper intake levels for a range of nutrients. They are used 
widely by dietitians in individual counseling, by federal nutrition offi-
cials in program and policy development, and by the nutrition research 
and education communities in government, academia, and industry.  

Between 1997 and 2005, the IOM published a series of six DRI re-
ports covering a total of 45 nutrients, energy, and other food components. 
The IOM also issued two reports describing ways to apply the DRIs in 
assessment and planning. Together, these eight reports contain more than 
450 research recommendations and thus a wealth of information perti-
nent to a nutrition research agenda. To make the recommendations more 
accessible, the Food and Nutrition Board undertook a project with two 
major elements: (1) the development of a searchable database of all the 
DRI research recommendations, and (2) the Dietary Reference Intakes 
Research Synthesis Workshop, held June 7–8, 2006, which was designed 
to provide a venue for hearing and discussing experts’ perspectives on 
the research recommendations identified in the DRI reports. Appendix A 
contains the agenda for the workshop, and Appendix B lists the names 
and affiliations of meeting presenters and other participants, including 
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members of the Federal DRI Research Synthesis Subcommittee, which 
supported the workshop and provided useful substantive input.  

The project was sponsored by the U.S. and Canadian governments, 
specifically:  

 
• U.S. Department of Health and Human Services 
 National Institutes of Health, Division of Nutrition Research 

Coordination  
 National Institutes of Health, Office of Dietary Supplements 
 Office of Disease Prevention and Health Promotion 
• U.S. Department of Agriculture, Agricultural Research Service 
• Health Canada, Food Directorate, Bureau of Nutritional Sciences 
• Canadian Institutes of Health Research, Institute of Nutrition, 

Metabolism and Diabetes 
 
 

THE WORKSHOP 
 
Two members of the workshop planning group—Drs. John W. Suttie 

and Susan J. Whiting—moderated the DRI Research Synthesis Work-
shop. After an overview and demonstration of the DRI Research Synthe-
sis Database, panels of experts addressed DRI research recommendations 
related to each of the six DRI nutrient reports, the two DRI applications 
reports, and three cross-cutting topics: (1) setting DRIs for children, (2) 
Tolerable Upper Intake Levels, and (3) relevant new and underutilized 
research techniques. Periodically, presenters and other attendees took 
part in lively discussions. During the wrap-up session, moderator John 
Suttie and four other individuals—from U.S. and Canadian agencies, 
industry, and academia—provided their perspectives on the workshop.  

This report is a summary of the workshop presentations and discus-
sions. Meeting transcripts and slides used during presentations served as 
the basis for the summary. Topics frequently mentioned by individual 
participants as continuing knowledge gaps include the following:  

 
• Requirements of children, pregnant and lactating women, and the 

elderly 
• Individual variation of requirements caused by genetics and epi-

genetics, lifestyle, environment, and/or geography 
• The need for biomarkers that are able to predict functional out-

comes and chronic diseases 
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• The need to improve dietary assessments and planning methods  
• Bioavailability 
• Interactions among nutrients 
 
Although many presenters and discussants expressed strong view-

points and made research recommendations, their viewpoints and rec-
ommendations should not be viewed as workshop conclusions or 
recommendations. For the convenience of users of the DRI recommenda-
tions, Appendix C lists all the research recommendations made in the 
eight DRI reports, Appendix D provides an overview of the DRI Re-
search Synthesis Database, Appendix E lists research progress as re-
ported by presenters, Appendix F lists possible topics for research 
identified during the workshop, and Appendix G provides the meaning of 
abbreviations. 
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1 
 

Introductory Session1 
 

 
 
 
 
 
 
 
 
 
 During the opening session of the workshop, two representatives of 
sponsoring agencies—Paul M. Coates from the U.S. government and 
Peter Fischer from the Canadian government—described the goals of the 
Dietary Reference Intake Research Synthesis project and its potential 
uses. Then John W. Erdman, Jr., described the approach and framework 
of the Dietary Reference Intakes (DRIs). Dr. Erdman served as a mem-
ber, vice-chair, and then chair of the Standing Committee on Scientific 
Evaluation of Dietary Reference Intakes that oversaw the 1994–2004 
DRI process.  
 
 

OVERVIEW 
 

Presenters: Paul M. Coates and Peter Fischer 
 
 

Goals of the Project 
 
 The main goal for the workshop was a discussion of expert perspec-
tives on the research needs that have been identified in eight DRI reports 
(see Box 1-1). Taking part in the discussion were many of those who 
worked on the DRI reports, including some former chairs of DRI panels, 
other former committee and panel members, and many other experts (see 
Appendix B). 

                                                           
1This chapter is an edited version of remarks by Drs. Coates, Fischer, and Erdman at 

the workshop. 



6 DIETARY  REFERENCE INTAKES 
 

BOX 1-1   
Dietary Reference Intake Reports 

 
 
Complete Title 

Letter Designation and  
Abbreviated Title 

Year of 
Publication* 

Dietary Reference Intakes for  
Calcium, Phosphorus, Magnesium, 
Vitamin D, and Fluoride 
 

A 
Calcium and Related 

Nutrients Report 

1997 

Dietary Reference Intakes for 
Thiamin, Riboflavin, Niacin, Vitamin 
B6, Folate, Vitamin B12,  
Pantothenic Acid, Biotin, and  
Choline 
 

B 
B Vitamins and Choline 

Report 

1998 

Dietary Reference Intakes for  
Vitamin C, Vitamin E, Selenium, 
and Carotenoids 
 

C 
Antioxidants Report 

2000 

Dietary Reference Intakes for  
Vitamin A, Vitamin K, Arsenic,  
Boron, Chromium, Copper, Iodine, 
Iron, Manganese, Molybdenum, 
Nickel, Silicon, Vanadium, and Zinc
 

D 
Micronutrients Report 

2001 

Dietary Reference Intakes for  
Energy, Carbohydrate, Fiber, Fat, 
Fatty Acids, Cholesterol, Protein, 
and Amino Acids 
 

E 
Macronutrients Report 

2002/2005 

Dietary Reference Intakes: Water,  
Potassium, Sodium, Chloride, and 
Sulfate 
 

F 
Electrolytes and Water 

Report 

2005 

Dietary Reference Intakes:  
Applications in Dietary Assessment
 

G 
Assessment Report 

2000 

Dietary Reference Intakes:  
Applications in Dietary Planning 
 

H 
Planning Report 

2003 

* Also refers to the year a report was released, except for Reports E and F, 
which were released as prepublication (uncorrected proof) copies, in 2002 and 
2004, respectively. 

 
 
 A federal steering committee, which has both U.S. and Canadian 
participants, was actively involved in planning for this project. The Fed-
eral DRI Steering Committee represents a wide range of interest in the 
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DRIs. (See Appendix B for a listing of committee members and the 
agencies they represent.)  Dr. Coates, a member of the steering commit-
tee and cochairperson of its research synthesis subcommittee, expressed 
strong commitment on the part of the relevant U.S. federal agencies for 
the process of developing DRIs. 
 Because the DRI reports contain an enormous amount of information 
about research recommendations and knowledge gaps, the steering 
committee called on the Food and Nutrition Board to gather the DRI re-
search recommendations, synthesize them in a meaningful and useful 
database, and seek input from interested parties in completing the effort. 
This collaborative effort among federal agencies from the two countries 
and the Food and Nutrition Board was designed to facilitate the identifi-
cation and response to important research needs. In turn, this effort will 
inform future studies of human nutrient requirements. 
 The steering committee’s goals for the project include the following: 
 

• Gather the research recommendations from the eight DRI reports 
• Synthesize those recommendations in a searchable database 
• Identify gaps in knowledge—including progress that has been 

made and the gaps that still need to be filled 
• Stimulate research to fill gaps 
• Assist sponsors in setting priorities 
• Alert the research community to the gaps and priorities 
• Make future DRI recommendations even more meaningful  
 

 Dr. Coates asked researchers and other users of the data contained in 
the DRI reports to provide the Federal DRI Steering Committee with 
suggestions for improving and making the most use out of the database 
of DRI research recommendations.  
 
 

Canadian Involvement 
 
 Canada has been involved in the DRI process from its inception in 
the mid-1990s. In particular, Canada has contributed financial support, 
representatives of Canadian government agencies are participants in the 
Federal DRI Steering Committee, Canadian scientists have served on 
each of the DRI subcommittees and panels, and the Canadian govern-
ment currently is funding the production of a summary volume of the 
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DRIs. This summary will be published in both French and English—the 
two official languages of Canada.  
 The DRIs have become the cornerstone of Canadian nutrition poli-
cies. Currently, they are being used in Canada for policy development, 
the setting of standards and regulations, conducting risk assessments, and 
providing advice to the Canadian population related to healthy eating. 
The Institute of Nutrition, Metabolism and Diabetes of the Canadian In-
stitutes for Health Research is one of the sponsors of this workshop. This 
sponsorship demonstrates commitment to this effort by the major health 
research funding organization in Canada. 
 Several of the research gaps are of special concern to Canada. For 
example, information is required on how geographical variables affect 
the vitamin D needs of Canadians who have limited exposure to sunshine 
in the northern latitudes and on vitamin D status for various levels of in-
take throughout the life span. Moreover, additional information is needed 
on vitamin B12 requirements for the elderly and how these can be met. In 
Canada, currently, synthetic vitamin B12 is not approved for use in forti-
fied foods. Thus, the only form of vitamin B12 that many elderly indi-
viduals can absorb is available only in the form of supplements. In 
developing policies on the fortification of foods, Canada relies on the 
DRIs for children for modeling purposes, but there are huge information 
gaps related to the nutrient requirements of children. 
 
 

APPROACH AND FRAMEWORK OF THE DIETARY 
REFERENCE INTAKES 

 
Presenter: John W. Erdman, Jr. 

 
 

A Brief History of Recommended Dietary Allowances 
 
 The development and publication of nutrient recommendations in the 
United States officially began in the early 1940s with the first edition of 
Recommended Dietary Allowances (NRC, 1943). That first report, which 
was requested by the U.S. Department of Defense, yielded just 10 dietary 
recommendations: those for energy, protein, 2 minerals, and 6 vitamins. 
The intent of Recommended Dietary Allowances (RDAs) was to ensure 
adequate nutrition, especially protection from deficiency diseases, and to 
set standards for public health programs. Two major avenues provided 
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the scientific basis of the RDAs: (1) observation of usual patterns that 
lead to healthy living, and (2) experimentally determined data on nutrient 
requirements. 
 The 10th (and final) edition of Recommended Dietary Allowances 
was published in 1989 (NRC, 1989b). By then, the scientific information 
base had expanded enough that the report contained recommendations 
for 7 minerals and 11 vitamins, in addition to protein and energy. In that 
report, Safe and Adequate Daily Dietary Intakes rather than RDAs were 
developed for an additional 2 vitamins and 5 minerals. These new nutri-
ent values for 7 nutrients were ranges of the nutrients that were consid-
ered safe and adequate. 
 The users of RDAs included government, industry, academia, and 
health services. The uses of the RDAs, some of which were appropriate 
and some of which were not, included the following: 
 

• Guide for procuring food supplies for groups of healthy persons 
• Basis for planning meals for groups 
• Reference point for evaluating the dietary intake of population 

subgroups 
• Component of food and nutrition education programs 
• Reference point for the nutrition labeling of food and dietary 

supplements 
 
 

Development of a New Framework 
 
 In 1989, the National Research Council (NRC) released Diet and 
Health (NRC, 1989a), which focused on nutrients and dietary patterns as 
related to the reduction of chronic disease risk. Then, in the early 1990s, 
the Food and Nutrition Board addressed a number of concerns and issues 
related to establishing nutrient requirements and recommendations. 
Among these were 
 

• a history of a lack of transparency for the process for establish-
ing recommendations,  

• little published information on how the recommended values 
were determined,  

• new information on food components that had not been identi-
fied as nutrients (e.g., fiber and carotenoids),  
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• an evolving concern about nutrients’ roles in protection against 
chronic disease,  

• a number of new statistical approaches for examining data, and  
• the use of the RDAs for some purposes that were considered to 

be inappropriate. 
 
 As a result, in 1993, the Food and Nutrition Board held a workshop 
called “How Should the Recommended Dietary Allowances Be Re-
vised?” A report of the workshop was published the next year (IOM, 
1994). That report proposed a new framework—the DRI framework. The 
framework included concepts of reduction of the risk of chronic diseases, 
a review of other dietary components, documentation of the rationale for 
the end points used, and recommendations to meet a variety of uses. It 
also included estimation of an upper intake level. Interest in setting upper 
levels grew, in part, because the new approach might increase recom-
mendations for certain nutrients to alleviate chronic diseases, which, in 
turn, might move the intake values to a level that would be close to the 
upper level for one or more nutrients. Following release of the report of 
the workshop, the Food and Nutrition Board provided additional oppor-
tunities for input from scientists and users of nutrient recommendations.  
 
 
Organizational Structure 
 
 The Food and Nutrition Board developed an organizational structure 
to carry out the DRI process, as shown in Figure 1-1. A standing com-
mittee oversaw the process, chaired for nearly seven years by the late Dr. 
Vernon Young. Two subcommittees were appointed to focus on specific 
aspects of the task—safe upper levels and applications of the DRIs. The 
Subcommittee on Upper Reference Levels of Nutrients provided input to 
the panels regarding safety and upper levels of intake, and the Subcom-
mittee on Interpretation and Use of DRIs provided input to each panel 
concerning how to apply the DRIs for the nutrient group. Reflecting the 
joint nature of the project in the United States and Canada, Canadian and 
American scientists served on the committee, subcommittees, and panels.  
 Over time, six panels were appointed to address groups of nutrients. 
To some degree, nutrients were grouped together because of their rela-
tionship to chronic disease end points. 
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Upper Reference 
Levels Subcommittee

Uses of DRIs
Subcommittee

Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes

Panels

Ca, Vitamin D, Phosphorus, Mg, F

Folate, B12, Other B Vitamins, Choline

Vitamins C and E, Se, -Carotene 
and Other Carotenoids

Vitamins A and K, As, B, Cr, Cu, Fe, I2,
Mn, Mo, Ni, Si, V, Zn

Energy, Carbohydrate, Sugars, Fiber,
Fat, Fatty Acids, Cholesterol, Protein, and 

Amino Acids

Sodium, Chloride, Potassium,
Sulfate, Water

Other Food 
Components

Alcohol  

β

 
FIGURE 1-1 Organizational structure for the DRI process. 
NOTE:  Ca = calcium; Mg = magnesium; F = fluoride; Se = selenium; As = 
arsenic; B = Boron; Cr = chromium; Cu = copper; Fe = iron; I = iodine; Mn 
= manganese; Mo = molybdenum; Ni = nickel; Si = silicon; V = vanadium; 
Zn = zinc. 

 
 
Types of DRI Values 
 
 The reports use four different types of DRI values: 
 

1. Estimated Average Requirement (EAR) 
2. Recommended Dietary Allowance (RDA) 
3. Adequate Intake (AI) 
4. Tolerable Upper Intake Level (UL) 

 
 With publication of the report on macronutrients, the Acceptable Mi-
cronutrient Distribution Range (AMDR) was added.  
 In Figure 1-2, three types of DRIs are placed on a hypothetical curve 
that depicts effects of increasing the observed level of intake. With a low 
level of intake, 100 percent of the population is deficient, based on some 
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FIGURE 1-2 Relative positions of selected Dietary Reference Intake values 
on a curve showing intake versus risk. 
NOTE: EAR = Estimated Average Requirement; RDA = Recommended 
Dietary Allowance; UL = Tolerable Upper Intake Level. 
 
 

end-point criterion. With increasing intake, a point presumably would be 
reached at which 100 percent of the healthy population would have no 
deficiency or inadequacy based on that same end point. 
 The EAR is at the midpoint, where 50 percent of the population 
would meet the end-point criterion. The RDA, calculated as two standard 
deviations above the EAR,2 is the intake level at which, theoretically, 
97.5 percent of the population would meet that end-point criterion. AIs 
are set when data are insufficient to establish an EAR. The AI for a nu-
trient is a recommended average daily intake level based on observed or 
experimentally determined approximations or estimates of nutrient intake 
by a group (or groups) of apparently healthy people and is assumed to be 
adequate. 
 Notably, a chronic disease end point was used as the basis for the 
EAR or AI only for fluoride, potassium, total fiber, and for the AMDRs. 
Dr. Erdman commented that in 1993 and 1994, it was anticipated that a 
larger number of nutrients would use chronic disease end points. A 
chronic disease end point was used for the UL for sodium and chloride. 
 For some nutrients, ULs were set. ULs are defined as the highest 
level of daily nutrient intake that is likely to pose no risk of adverse 
health effects for almost all individuals in the specified life-stage group. 
                                                           

2This applies when the distribution of the requirement is assumed to be normal. 
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The adverse effect identified as a basis for a UL ranged from diarrhea to 
much more serious conditions. 
 The AMDRs include ranges of intakes of energy nutrients (protein, 
carbohydrates, and fats). These are ranges of macronutrient intakes that 
are associated with reduced risk of chronic disease while providing ade-
quate intakes of essential nutrients for a given age and gender group. For 
adults, for example, the AMDR for fat is 20 to 35 percent of energy; for 
carbohydrate, it is 45 to 65 percent; and for protein it is 10 to 35 percent. 
 
 

The DRI Reports 
 
 Based on the work of these committees and panels, the Institute of 
Medicine has published eight major DRI reports, as shown earlier in Box 
1-1. For each report, the box also includes an abbreviated title; these ab-
breviated titles are used for convenience in the remainder of this work-
shop summary. 
 
 

Closing 
 
 To close the introductory session, Dr. Erdman expressed apprecia-
tion for the broad support that has made it possible to produce the DRI 
reports. He also highlighted the upcoming single volume summary of the 
DRI reports, Dietary Reference Intakes: The Essential Guide to Nutrient 
Requirements (IOM, 2006a), and extended thanks to Canada for making 
the summary report possible. The format of the summary report is based 
on input from the intended audience—dietitians, nutritionists, and other 
health professionals—and the report is expected to be very useful for 
practitioners and those who teach them.  
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The Dietary Reference Intakes Research 
Synthesis Database1 

 
Presenter: Janice Rice Okita 

 
 
 
 
 
 
The database session provided a summary of the contents, features, 

and potential uses of the Dietary Reference Intakes (DRIs) Research 
Synthesis Database, which was still under development. The Food and 
Nutrition Board had been charged with entering all the research recom-
mendations from the DRI reports into a database that would be search-
able, user friendly, and widely available. Workshop participants were 
encouraged to test the database (www.iom.edu/DRIresearch2006) and 
provide feedback. 

 
 

CONTENTS OF THE DRI RESEARCH 
SYNTHESIS DATABASE 

 
The database contains more than 450 research recommendations—

that is, all the research recommendations contained in eight DRI reports. 
For convenience, the database uses letters of the alphabet to identify the 
reports. In this workshop summary, each research recommendation has a 
number followed by a report identifier. For example, 29-A is a research 
recommendation from the report Dietary Reference Intakes for Calcium, 
Phosphorus, Magnesium, Vitamin D, and Fluoride (IOM, 1997). See 
Appendix D for a listing of the report identifiers.  

Food and Nutrition Board staff categorized each of the research rec-
ommendations by key words to aid the search process. Staff members 
also are adding Medical Subject Heading (MeSH)2 terms to the database, 
                                                           

1This chapter is based on a transcript and slides from the workshop.  
2MeSH is the controlled vocabulary thesaurus of the U.S. National Library of Medi-

cine, National Institutes of Health. 
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and the final version is expected to have full capability for users to 
search by the MeSH terms as well as by key words. 

Review of the recommendations as a whole revealed that it would be 
helpful to categorize types of recommendations. In particular, staff used 
a two-tiered system that distinguishes “major knowledge gaps” from 
“knowledge gaps” (see Appendix D for criteria used). In addition, some 
of the research recommendations fit into a third category called “research 
methods.” Examples include recommendations related to databases and 
nutrient assays. 

Review of all the recommendations also made it apparent that it 
would be useful to identify cross-cutting topics. Obvious topics include 
age groups (e.g., adolescents, children, infants, elderly), biomarkers, die-
tary supplements, lactation and pregnancy, and the Tolerable Upper In-
take Levels (ULs) and toxicity. Additional suggestions for cross-cutting 
topics would be welcome. 

 
 

USE OF THE DATABASE 
 
In developing the database, staff used two types of software—Excel 

and Access—both from Microsoft.3 Each has advantages and disadvan-
tages. Excel is widely available, many investigators use the software for 
a variety of purposes, and most users find data entry to be quite easy. 
However, Excel does not allow Boolean searches and has limited print-
ing options. Access is less widely available, less familiar, and less user-
friendly than is Excel. However, Access has a number of features that are 
highly desirable in a searchable database and that are not available in 
Excel. These features include capabilities to conduct tailored queries, 
save useful queries, and produce custom printouts of desired information. 

To make the database as user-friendly as possible, staff placed two 
releases on the Institute of Medicine (IOM) website at www.iom.edu/ 
DRIresearch2006 and sought feedback from users. The remainder of this 
chapter summarizes how to access and use the database. Additional in-
formation about the database appears in Appendix D. 

                                                           
3Microsoft Corporate Headquarters, Redmond, Washington. 
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ACCESSING AND USING THE DRI RESEARCH 
SYNTHESIS DATABASE 

 
Entering www.iom.edu/DRIresearch2006 in the user’s browser at the 

URL window accesses the Dietary Reference Intake Research Synthesis 
page of the IOM website. Clicking on DRI Research Synthesis Database 
accesses the database. The user then has a choice of downloading three 
files. One is a text file that provides some basic information on 
downloading and linking the files, lists the fields in the database, and 
provides some guidance for using the database. 

The other two choices are for the two different forms of the data-
base—one for use with Excel and the other for use with Access. The da-
tabase is designed to be a desktop database—one that could be released 
as a compact disk (CD) or that could be downloaded from the IOM web-
site. Upon downloading these files, the user can access them using the 
appropriate software.  

Opening the Excel database gives the user a sense of the structure of 
the database. The columns include the number, ID code, recommenda-
tion, designation (type of recommendation), key words, and so on.  

The Excel user might click on the column that contains all the rec-
ommendations. Alternatively the user could use the Find command to 
search for all the recommendations that contain the word magnesium (or 
any other word) in them. Searching on the key words column, the user 
sometimes obtains more recommendations than would be obtained by 
using the Find command to search for the same word in the recommen-
dation. For example, if the user searches for biomarkers using the key 
words column, the listing will include recommendations containing the 
term biological markers as well as recommendations containing the word 
biomarker. Printing the list is not straightforward, however. 

The Access file, but not the Excel file, can provide lists of the re-
search recommendations by nutrient, by report, or by cross-cutting topic. 
Using Access, staff members have made it easy to obtain answers to 
common queries and to print the results in highly readable format. In par-
ticular, the Access research database includes more than 100 queries to 
cover each of the nutrients and some cross-cutting topics. For example, 
clicking on the saved query called “A-Calcium Report, All” sends a list 
of all the research recommendations in the DRI Calcium and Related 
Nutrients Report (IOM, 1997) to the computer monitor. Another example 
of a saved query is “Carotenoids List, Major.” Clicking on this query 
sends a list of the major research recommendations pertaining to carote-
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noids. To see an example of a saved cross-cutting query, the user might 
want to look at a list of research recommendations pertaining to bio-
markers or to infants.  

To print the results of the query, the user clicks on Reports. More 
than 100 well-designed reports that correspond to the queries are avail-
able for printing. Appendix D provides a sample printout that shows the 
functionality of the database.  

Users of the current release of the DRI Research Synthesis Database 
files were invited to submit comments and suggestions by August 1, 
2006, so that they could be included in the final version. The intent has 
been to make the database easy to use and informative.  
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Dietary Reference Intakes for Calcium, 
Phosphorus, Magnesium, Vitamin D, 

and Fluoride1  
 
 
 
 
 
 

Two university researchers presented information about Dietary Ref-
erence Intake (DRI) research recommendations contained in the Calcium 
and Related Nutrients Report (IOM, 1997). Bess Dawson-Hughes of 
Tufts University, who served on the panel for the report, highlighted a 
number of research recommendations that were considered to be of ma-
jor importance for each of the five nutrients covered in the report and 
then made some comments about progress in those areas. Bruce W. 
Hollis of Medical University of South Carolina focused on the dietary 
requirement for vitamin D, which is his area of research. 

 
 

DRI REPORT ON CALCIUM AND RELATED NUTRIENTS 
 

Presenter: Bess Dawson-Hughes 
 
 

Calcium 
 
Major research recommendations for calcium included defining (1) 

the impact of calcium intake on mineral metabolism and peak bone mass; 
(2) genetic and calcium intake interactions; (3) the impact of calcium 
intake by adults on skeletal end points and on nonskeletal end points 

                                                           
1This chapter is an edited transcript of remarks and slides by Drs. Bess Dawson-

Hughes and Bruce Hollis at the workshop. Comments made by Dr. Dawson-Hughes rep-
resent a composite of input from many of the panel members including Stephanie Atkin-
son, Steve Abrams, Robert Heany, Robert Rude, Connie Weaver, and Gary Whitford, and 
from James Penland (regarding magnesium). 
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such as blood pressure, cancer risk, and diabetes; and (4) the impact of 
calcium intake on the risk of developing a first or recurrent kidney stone. 

The most notable progress is a much better understanding of the link 
between calcium intake and absorption, particularly in adolescents. In 
addition, data now relate some of the vitamin D polymorphisms to min-
eral metabolism in children. Information from Goulding and others 
(1998) indicates that milk intake in childhood influences fracture rates 
both in childhood and later in life in women. 

The longest of several recent calcium intervention trials is a 7-year 
intervention study conducted by Matkovic et al. (2005). That study found 
that the bone mineral density of girls who were taller at the end of the 7-
year interval benefited from supplementation. The results raise the ques-
tion as to whether calcium intake should be set on the basis of body size, 
at least in children and adolescents. 

Racial differences in bone turnover and calcium metabolism have 
been described. Over the last 9 years, numerous randomized controlled 
trials of adults have been published. The studies that had a placebo group 
with a low calcium intake and a reasonable level of compliance generally 
have shown beneficial effects of calcium supplementation on bone. 

The Dietary Approaches to Stop Hypertension (DASH) Study has 
looked at dairy food intakes to reduce blood pressure. Several studies 
identify a small (3% to 5%) inverse effect of calcium on weight. That is 
controversial, but there seems to be a low-level association. 

Data on the effect of high calcium intake on the occurrence of first 
kidney stone are now available from approximately 36,000 women in the 
Women’s Health Initiative. Reportedly, a comprehensive analysis of the 
stone risk is underway. The report by Borghi et al. (2002) provides data 
on associations of calcium intake and recurring stones. 

One recent 5-year calcium intervention trial (Prince et al., 2006) was 
conducted in western Australia. The trial included approximately 1,500 
women with a mean age of 75 years. Usual calcium intakes averaged 
approximately 900 milligrams per day. This was a placebo-controlled 
trial in which the supplement provided 1,000 mg of calcium in the form 
of calcium carbonate. Table 3-1 shows that only about 57 percent of the 
subjects in the cohort had an adherence rate of 80 percent or higher. This 
actually is a fairly good degree of adherence for a very long intervention 
study. The subset of adherents had a statistically significant reduction in 
all fracture risk. Those in the intent-to-treat group had a similar trend, but 
it was not significant. 
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TABLE 3-1 Effect of 1,200 mg of Calcium Supplement Versus Placebo 
on Fracture Risk 

 Percent of Subjects Hazard Ratio [95% CIa] 
All subjects 100% 0.87 

[0.67–1.12] 
Adherent subjectsb 57% 0.66 

[0.45–0.97] 
aCI = confidence interval. 
bSubjects maintaining an adherence rate of at least 80 percent. 
SOURCE: Prince et al., 2006. 

 
 

Vitamin D 
 
Among the primary research recommendations for vitamin D are to 

(1) define optimal serum 25-hydroxyvitamin D [25-(OH)D] concentra-
tion according to age group, race, and latitude; and (2) define relation-
ships between intake of vitamin D and serum 25-(OH)D.  

The process of defining optimal vitamin D intake has been unfolding 
along the following lines over the last nine years. Three steps in the 
process are identifying the biological action affected by vitamin D, de-
termining the amount of 25-(OH)D needed to optimize function for that 
biological action, and then defining the relationship between intake and 
serum 25-(OH)D. 

Previously, parathyroid hormone (PTH) suppression was the primary 
gauge of optimum vitamin D status. Then, considerable development 
occurred in the biological action arena, particularly regarding muscu-
loskeletal end points. Bone density, muscle performance, falls, and frac-
tures now are key vitamin D musculoskeletal end points. A burgeoning 
area involves associations of vitamin D intake and 25-(OH)D with a 
wide variety of other very important end points, including the risk of de-
veloping diabetes, cancer, infection, periodontal disease, and osteoarthri-
tis. These health problems involve a large proportion of the population.  

A cross-sectional study out of Iceland, in over 900 individuals, ex-
amined the relative contributions of calcium and vitamin D to PTH sup-
pression. Figure 3-1 shows that subjects were sorted by three categories 
of calcium intake, shown in the three types of bars and by categories of 
25-(OH)D concentrations shown on the X axis. In persons with 25-
(OH)D concentrations below 25 nmol/L, PTH was suppressed by in-
creasing calcium intake. However, as the vitamin D concentration 
increases above 25 nmol/L, calcium plays a less obvious role in sup-
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pressing PTH. In Iceland, two-thirds of the people were at 25 nmol/L or 
more of 25-(OH)D, and in populations residing closer to the equator, one 
would expect to find a greater proportion with vitamin D concentrations 
greater than 25 nmol/L. 

Table 3-2 lists vitamin D placebo-controlled intervention trials rele-
vant to estimating the optimal 25-(OH)D concentration. The table in-
cludes the author, the dosage of vitamin D administered compared with 
placebo (some with calcium, some not), the 25-(OH)D concentration 
achieved on supplementation, and the changes in parathyroid hormone. It 
shows that four of the eight studies demonstrated a positive effect on 
nonvertebral fracture risk reduction. Based in part on these study results, 
many are estimating that a 25-(OH)D concentration of 75 nmol/L or 
higher will reduce the risk of fracture more than would lower concentra-
tions of 25-(OH)D. 
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FIGURE 3-1 Serum parathyroid hormone concentration by serum 25-
hydroxyvitamin D level and by level of calcium intake.  
SOURCE: Steingrimsdottir et al. 2005. JAMA. 294: 2336-41. Copyright© 
2005, American Medical Association. All rights reserved. 
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TABLE 3-2 Serum 25-Hydroxyvitamin D, Parathyroid Hormone, and 
Nonvertebral Fracture Responses to Supplementation with Vitamin D3 

Author, Year Dose 
(IU/d) 

25-
(OH)D 

(nmol/L) 

ΔPTH 
(%) 

Effect on 
Nonvertebral 

Fracture 
Chapuy et al., 2002 800 100 -47 + 
Chapuy et al., 1992 800 100 -33 + 
Dawson-Hughes et al., 1997 700 112 -28 + 
Trivedi et al., 2003 820   74 ? + 
Grant et al., 2005 800      63*    0 NS 
Jackson et al., 2006 400      59* ? NS 
Lips et al., 1996 400   54  -6 NS 
Meyer et al., 2002 400   64 ? NS 

 NOTE: ΔPTH = Change in parathyroid hormone concentration; NS = no statistically 
significant effect. 
 *Estimates in subsets of subjects. 
 
 

It appears more useful to consider the 25-(OH)D concentration than 
the supplement dose. Take the case, for example, of the Randomized 
Evaluation of Calcium or Vitamin D (RECORD) Trial (Grant et al., 
2005). The investigators gave the same dose of vitamin D as was given 
in many of the positive trials. Their compliance, however, was low: only 
half the subjects were taking any supplements at all at the 2-year mark 
into the 5-year trial. Consequently, the dose consumed could not have 
been as high as the amount being delivered. 

Progress has been made regarding the safety of vitamin D. In a study 
involving daily dosing with either 1,000 or 4,000 IU of vitamin D per 
day over a 5-month period, no toxicity was invoked. In panel B (the 
4,000 IU dose of vitamin D3) in Figure 3-2, the mean serum 25-(OH)D 
concentration achieved was 100 nmol/L. Nearly all subjects were in the 
desired range of 75 to 80 nmol/L or higher. Although one subject’s 25-
(OH)D value rose to 138 nmol/L, that is a typical level for a person who 
works outdoors in the sun in the summertime. An average lifeguard will 
have a 25-(OH)D concentration of approximately 160 nmol/L. There is 
no sense of concern about the serum vitamin D concentrations shown in 
Figure 3-2. 



24 DIETARY REFERENCE INTAKES 
 

S
er

u
m

 2
5(

O
H

)D
 (

n
m

o
I/L

)

S
er

u
m

 2
5(

O
H

)D
 (

n
m

o
I/L

)

 
 
FIGURE 3-2 Serum 25-hydroxyvitamin D responses to two levels of vita-
min D3 supplementation over 6 months.  
NOTE: A = 1,000 IU/d of vitamin D3; B = 4,000 IU/d of vitamin D3. 
SOURCE: Veith et al. (2001). Reproduced with permission from The 
American Journal of Clinical Nutrition. 

 
 

Data are just beginning to appear concerning vitamin D needs of 
children. However, much information still is needed, particularly for 
children in the age range of 6 months to 8 years. A very recent interven-
tion study with 200 or 400 IU of vitamin D looked at the change in bone 
mineral content in young adolescent girls over a 1-year interval. Results 
showed step increases in the change in bone mineral content with more 
vitamin D supplementation. 

For adults, more data are needed to refine estimates that 75 to 80 
nmol/L of serum 25-(OH)D are needed for the musculoskeletal end 
points. There also is a great need to obtain threshold estimates for the 
chronic disease end points mentioned earlier. An enormous amount of 
work is being conducted in this area now. 

Additional needs include standardization of 25-(OH)D assays and 
better quantitation of the vitamin D content of foods. For example, the 
vitamin D values for salmon (one of the main food sources of this vita-
min) are based on wild salmon. Does farm salmon, which currently is 
widely consumed, have the same vitamin D content?  
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Phosphorus 
 

For phosphorus, there were two key research recommendations: (1) 
for ages 1 to 18 years, to define the intake needed to optimize bone ac-
cretion; and (2) for children and adults, to define the relationship be-
tween phosphorus intake and the concentration of phosphorus in the 
blood. 

Relatively little progress appears to have occurred in this area. Cur-
rent identified research needs concern the potential problem of low phos-
phorus intake, especially by older individuals in the United States; the 
extent to which the increasing use of calcium supplements may decrease 
the bioavailability of phosphorus; and a potential increased need for 
phosphorus related to the introduction of anabolic agents for the treat-
ment of osteoporosis. 

 
Magnesium 

 
The key research recommendations for magnesium were to (1) iden-

tify the magnesium intake needed for maximum accretion of bone in 
children and for preservation of bone in adults; (2) identify associations 
between magnesium intake and the development of other conditions such 
as hypertension, cardiovascular disease, and diabetes; and (3) identify 
and validate an accurate indicator of magnesium status. 

Some interesting animal and epidemiological studies have been pub-
lished recently, as mentioned briefly here. Rude and coworkers (2004, 
2005, 2006) conducted several elegant magnesium depletion studies in 
rats. Table 3-3 shows that at half of the magnesium requirement, trabecu-
lar bone volume was decreased, and osteoclast number was higher. With 
further and further magnesium depletion, these effects became more ex-
aggerated in the rats and, in addition, tumor necrosis factor-alpha con-
centrations rose. Unfortunately, parallel data in humans are unavailable.  
 
TABLE 3-3 Magnesium Depletion and the Skeleton in Rats 

 
Study 

Diet, % Nutrient 
Requirement 

 
Outcome 

Rude et al., 2004 50 ↓ Trabecular volume, ↑ osteoclast 
number 

Rude et al., 2005 25 Also ↑ TNF-alpha 
Rude et al., 2006 10 Also ↑ TNF-alpha 
NOTE: TNF-alpha = tumor necrosis factor alpha 
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Two large epidemiologic studies involving large numbers of subjects 
with long follow-up periods are of special interest. In these studies, the 
subjects in the highest versus lowest quintile of magnesium intake had a 
decreased risk of developing both type II diabetes (Lopez-Ridaura et al., 
2004) and stroke (Ascherio et al., 1998). Although these studies can help 
develop hypotheses that may be promising, the approach does not really 
isolate a nutrient—especially since the magnesium from food tends to be 
accompanied by other important nutrients. 

Little has changed with regard to the indicators of magnesium status, 
but a report by Barbagallo and colleagues (2000) merits consideration. 
This study makes use of the facts that 99 percent of magnesium in the 
body is intracellular and that, of this, approximately 10 to 15 percent is in 
the ionized metabolically active form. These investigators found no dif-
ferences in the free intracellular magnesium concentrations of normal 
subjects compared to hypertensive individuals or compared to persons 
with diabetes. 

 
 

Fluoride 
 
Key research recommendations for fluoride include (1) conducting 

epidemiologic research on habitual exposure to fluoride, particularly fo-
cusing on the prevention of dental caries, quality of bone, and the risk of 
developing fluorosis; and (2) identifying the factors that influence fluo-
ride absorption and retention.  

Two very comprehensive and important reports on fluoride were 
published over the last seven years—an epidemiologic study by Sowers 
et al. (2005) and another from the National Health and Nutrition Exami-
nation Survey (NHANES) by Beltran-Aguilar et al. (2005). The study by 
Sowers and colleagues had 4 years of follow-up and looked at fractures 
and changes in bone density in 1,300 women in three different communi-
ties in Iowa. The control community had a fluoride content of 1 ppm in 
the water supply (within the recommended level), and mean calcium in-
take was 754 mg/day. For comparison, one of the communities had the 
same fluoride content in the water but a high mean calcium intake (1,001 
mg/day). The other test community had a high fluoride content (4 ppm) 
of the water, but calcium intake was comparable to that of the control 
community. 

The bottom line is that the fracture rates were similar in the three 
communities. Bone densities were similar, with the exception of a minor 
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increase in the forearm in the high fluoride community. These results do 
not raise much concern about fluoride in these communities. 

Using NHANES data, Beltran-Aguilar et al. (2005) compared certain 
dental outcomes from the period of 1988–1994 with the same outcomes 
from 1999–2002. The investigators found that caries in permanent teeth 
in the United States have declined, as has tooth loss in older adults. The 
prevalence of enamel fluorosis has increased, however, starting in 1980. 
Racial and ethnic disparities persist in the prevalence of caries and 
enamel fluorosis. 

 
 

THE DIETARY REQUIREMENT FOR VITAMIN D: LOOKING 
BEYOND BONE 

 
Presenter: Bruce Hollis 

 
 

This presentation focused on vitamin D. Dr. Hollis took the position 
that vitamin D2 (the form of vitamin D obtained by the irradiation of er-
gocalciferol from plants) should be removed from use in food supple-
ments and that vitamin D3 (the form of the vitamin that is produced by 
the action of ultraviolet light on vitamin D precursors in the skin) should 
be used instead. The biggest reason given for this position is that vitamin 
D2 is less biologically active than vitamin D3 (Armas et al., 2004). Giv-
ing vitamin D2 elicits more variable responses in 25-(OH)D values than 
does giving vitamin D3.  

Vitamin D3 is metabolized fairly rapidly to 25-(OH)D, which is the 
major circulating form of vitamin D and is a biomarker for vitamin D 
status. One can influence the concentration of 25-(OH)D through diet or 
sun exposure, but one can have little influence on the amount of circulat-
ing 1,25-(OH)2D—the active form of the vitamin. Vitamin D metabolism 
differs depending on the amount of vitamin D3 supplied to the body. 
When vitamin D supplies are inadequate, the flow of 25-(OH)D through 
other potential pathways, including its utilization by peripheral tissues 
for paracrine regulation, is compromised. Dr. Hollis indicated that a 
chronic depleted status may be common today and that a depleted vita-
min D status poses risks for within-tissue processing. 
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Research Questions on Vitamin D Requirements 
 
Research on vitamin D requirements needs to consider the cutaneous 

generation of vitamin D and differences in vitamin D3 generation that 
relate to skin color, latitude, the use of sun screen, and the amount of 
skin actually exposed to the sun. In view of the relative lack of vitamin 
D3 in the food supply and public health recommendations to use sun 
screen to reduce the risk of skin cancer, what amount of oral vitamin D 
supplementation should be provided? Heaney et al. (2003) examined the 
response of 25-(OH)D as a function of oral vitamin D3 intake over a 5-
month period. Circulating 25-(OH)D values at the highest intakes (5,000 
to 10,000 IU/day) were comparable to those resulting from extensive 
solar exposure, and those at the lowest intakes (400 to 1,000 IU/day) 
tended to decrease over time.  

According to Dr. Hollis, the 400 IU (10 µg) dose of vitamin D sup-
plied to subjects in the Women's Health Initiative studies was too small 
to increase the 25-(OH)D values at all. He based his position on the 2003 
Heaney et al. study, including a regression of the equilibrium increment 
in serum 25-(OH)D concentration on the labeled dose for the mean in-
take by each treatment group. 

Another important question involves the identification of optimal 
circulating concentrations of 25-(OH)D. Different types of evidence sug-
gest that concentrations previously identified as normal are too low. In 
particular, Dr. Hollis noted problems with the interpretation of the study 
by Haddad and Chyu (1971) that identified a low 25-(OH)D level as 
normal. A biomarker would be especially useful if it would respond to 
both increases and decreases in the 25-(OH)D concentration.  

Dr. Hollis indicated that effects of vitamin D on PTH are well 
known, as are vitamin D interactions in bone. He considers insulin sensi-
tivity, beta cell function, immune function, circulating cytokines (both 
proinflammatory and anti-inflammatory), and cardiac health to be prom-
ising research areas. 

There are several examples of relationships of vitamin D with infec-
tion. A recent study by Liu and colleagues (2006) provides an explana-
tion for findings by Finsen (Rocchietta, 1960) that ultraviolet light 
benefits patients with lupus vulgaris and for the demonstrated beneficial 
effects of ultraviolet light exposure on tuberculosis patients in sanitoria. 
In particular, the study found that human toll-like receptor triggers a vi-
tamin D receptor-dependent antimicrobial response. This response in-
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volves the innate immune system, which provides the first response to 
pathogens when they invade the body. 

In Caucasians and African Americans, Liu and coworkers (2006) 
showed that nutritional vitamin D status controlled cathelicidin, an an-
timicrobial peptide made by monocytes and macrophages. At low con-
centrations (20 or 30 nmol/L) of serum 25-(OH)D, subjects could not 
mount a response to kill the internalized tuberculosis in the macrophages. 
After supplementation with vitamin D in amounts sufficient to achieve 
serum 25-(OH)D concentrations of 80 nmol/L, the subjects could mount 
this attack, produce cathelicidin, and attack the tuberculosis. 

A brief study conducted in India (Rehman, 1994) shows that vitamin 
D supplements of 60,000 IU/week for 6 weeks could help children with 
elevated alkaline phosphatase concentrations to overcome respiratory 
infections. 

A study by Giovannucci and colleagues (2006) estimates the effects 
of a 25-nmol/L increase in serum 25-(OH)D in a population on the odds 
ratios of developing various forms of cancer. For 11 of the 14 forms of 
cancer, the odds ratios of developing those cancers are less than one. Ad-
ditional work is in progress. 

A small pilot vitamin D supplementation study (Wagner et al., 2006) 
looked at periodic changes in maternal and infant blood concentrations of 
25-(OH)D and of vitamin D activity in mother’s milk. The study found 
that the higher level of maternal vitamin D3 supplementation (6,400 IU 
compared with 400 IU) resulted in substantial increases in vitamin D3 
and 25-(OH)D in the mother and in milk vitamin D activity. The serum 
25-(OH)D concentration in the infants of the highly supplemented 
women was comparable to that of infants who were supplemented di-
rectly. 

Dr. Hollis challenged the current Adequate Intake (AI) of 10 µg of 
vitamin D/day for adults and probably for adolescents as not supportive 
of health. He stated that it is almost certain that chronic deficiency of 
vitamin D puts populations at risk for debilitating chronic diseases. 
Moreover, he posited that a serum concentration of 80 nmol/L of 25-
(OH)D, which has been proposed to protect the skeleton, is too low to 
reduce the risk of muscular sclerosis or cancer or to promote immune 
function.  
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Tolerable Upper Intake Level for Vitamin D 
 
Dr. Hollis challenged the Tolerable Upper Intake Level (UL) that the 

Institute of Medicine set for vitamin D. In studies by Hollis and Wagner 
(2004), Wagner et al. (2006), and Heaney et al. (2003) involving 10,000 
IU/day of vitamin D (or more), no instances of hypercalciuria or hyper-
calcemia occurred. Furthermore, Dr. Hollis indicated that the low UL is 
an impediment to human health because it sets too low a limit on what 
the vitamin manufacturers can add to their vitamin supplements. 

 
 

DISCUSSION 
 
Questions and comments by Drs. Dennis Bier, Irwin Rosenberg, 

Larry Appel, Paul Pencharz, and Robert Russell are summarized below, 
along with responses from the presenters.  

 
 

Optimal Parathyroid Hormone level 
 

Dr. Bier asked how one defines the optimal PTH level in the context 
of adequacy. Drs. Hollis and Dawson-Hughes responded that many 
sound studies with reliable PTH assays have looked at this relationship. 
They all indicate that one can suppress PTH serially only until the 25-
(OH)D concentration reaches approximately 80 nmol/L. Lower rates of 
bone loss provide the basis for the suppression. Neither calcium nor vi-
tamin D (nor both) can suppress PTH more than a maximum of 80 to 90 
percent. In such studies, the calcium range is defined in the usual way, 
with a group of healthy individuals. 

 
 

Circular Argument 
 
 Dr. Bier expressed concern about issues related to PTH suppression 

and about a circular argument relating to the reference range for calcium. 
In particular, the reference range for calcium was said to be defined by 
values obtained from a group of “healthy individuals,” but presentations 
pointed out the high prevalence of inadequate vitamin D in the popula-
tion, which presumably is not healthy. Dr. Hollis responded that some 
recent studies address the points of having an adequate calcium index 
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and setting the PTH reference ranges in relation to adequate vitamin D 
status. 

 
 

Measures of Early Adverse Effects 
 
 Dr. Rosenberg asked what are potential measures of early adverse 

effects. Dr. Dawson-Hughes responded that probably the easiest and 
least expensive measure to obtain would be a random spot-urine calcium, 
which correlates very highly with the 24-hour urine calcium-to-creatinine 
ratio. That correlation is so strong that one would not need to conduct a 
24-hour urine collection to assess safety. Basically, the random spot-
urine calcium content would increase before the renal threshold was ex-
ceeded and before an increase in the blood calcium concentration oc-
curred. Thus, the random spot-urine calcium would be an early point for 
detection, and it would be easier to interpret than a PTH value. Such a 
measurement would not be used to set a requirement but to monitor for 
safety. Dr. Hollis agreed that the random spot-urine calcium could be 
measured easily in a research setting or a clinical setting. He added that, 
because PTH is potentially cardiotoxic, it probably is in the interest of 
cardiovascular health to have lower PTH concentration as well. Dr. Daw-
son-Hughes stated that there is no evidence of any extension of the curve 
of the inverse relationship between insufficient levels of either calcium 
or vitamin D intake and PTH concentration. 

 
 

Vitamin D and Chronic Illness 
 
Dr. Hollis suggested that lack of vitamin D might be related to the 

high prevalence of lupus, multiple sclerosis, and diabetes among a popu-
lation of African Americans called the Gullah in South Carolina. He re-
ported that their vitamin D concentrations were the lowest he had ever 
seen. 

 
 

Clarification of Units 
 

Dr. Bier asked about the dramatic increase in maternal vitamin D in-
take that had a relatively small effect on circulating 25-(OH)D concentra-
tions for the mother and the baby—the circulating levels for the mother 
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and the infant were still below 80. Dr. Hollis clarified that the units are 
nanograms. To convert nanograms to nanomoles, one multiplies that 
number times 2.5. 

 
 

Maternal-Infant Findings 
 
Dr. Pencharz referred to a Muslim woman who bore a baby with 

neonatal rickets. These investigators in Saudi Arabia were able to treat 
the neonatal rickets by having the mother exposed to sunlight. That 
proved in a biological way what Dr. Hollis has shown biochemically. It 
appears that the evidence now supports recommendations to supplement 
the mother. Dr. Hollis responded that blinded maternal studies are un-
derway but the increased blood concentrations of 25-(OH)D clearly indi-
cate the individuals who are receiving the vitamin D. Data still are 
needed.  

A model of the transfer of vitamin D during lactation is evolving. In 
response to questions from Dr. Allen, Dr. Hollis indicated that about 0.5 
percent of the circulating 25-(OH)D passes into breast milk but that 30 to 
80 percent of the parent compound (vitamin D3) passes into the milk. 

 
 

Persistence of Circulating 25-(OH)D 
 
Dr. Russell asked how long very high blood concentrations of 25-

(OH)D persist after extensive sun exposure, as in a lifeguard working 
outside. Dr. Dawson-Hughes was unaware of such data but referred to 
data from healthy older subjects in Boston. In the summer, their concen-
tration of 25-(OH)D is approximately 80, and it decreases to about 60 in 
the winter. Dr. Hollis stated that the half life of 25-(OH)D is approxi-
mately 3 weeks.  

 
 

Vitamin D2 Versus D3 
 

Dr. Whiting asked Dr. Dawson-Hughes to elaborate on the relative 
value of vitamin D2 and D3. Dr. Dawson-Hughes responded that, from the 
current available evidence, D3 is preferred. Although the evidence base is 
not extensive, it is consistent in suggesting that, for a given dose of D2 or 
D3, over at least a 2-week period, a considerably larger increment in the 
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total 25-(OH)D concentration occurs with repeated dosing with vitamin 
D3.  

The study by Armas and colleagues (2004), which used a single dose 
of 50,000 units of vitamin D2 or D3, found similar increments in 25-
(OH)D over the first 3 days; but subsequently the total 25-(OH)D con-
centration decreased in the D2-treated subjects. In fact, it was lower than 
baseline at the end of 30 days. In contrast, the concentration in the D3-
treated subjects remained well above the baseline level at 30 days. Thus, 
the staying power of the single dose of vitamin D3 is greater, and the in-
crement over 2 weeks is greater. Vitamin D2 can be effective, but it takes 
a much larger dose on a frequently repeated dosing regimen. 
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Dietary Reference Intakes for Thiamin, 
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin 

B12, Pantothenic Acid, Biotin, and Choline1  
 
 
 
 
 
 
 

In the presentations on the B Vitamins and Choline Report (IOM, 
1998a), Steven H. Zeisel of the University of North Carolina–Chapel Hill 
(former member of the Panel on B Vitamins and Choline) addressed re-
search on thiamin, riboflavin, niacin, pantothenic acid, and choline.2 Dr. 
Patrick Stover of Cornell University covered folate, vitamins B12 and B6, 
and biotin. Both presenters addressed lack of progress and new develop-
ments since 1997–1998, and they suggested future topics for research.  

 
 

DISCUSSION OF RESEARCH RECOMMENDATIONS: 
THIAMIN, RIBOFLAVIN, NIACIN, PANTOTHENIC ACID, 

AND CHOLINE 
 

Presenter: Steven H. Zeisel 
 
 

This presentation highlighted major new developments, pointed out 
that genetic polymorphism and epigenetics merit special attention, and 
addressed major research gaps and the progress made. 

                                                           
1This chapter was prepared from the workshop transcript and slides. 
2Dr. Zeisel’s summary for the nutrients was based on calls to experts, recent reviews, 

and checking recent articles appearing in PubMed. 
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Major New Developments 
 
Genetic Polymorphisms 

 
New science in genetic polymorphisms suggests that the require-

ments for some of the nutrients vary, in part dependent on whether indi-
viduals possess single nucleotide polymorphisms (SNPs). SNPs are de-
oxyribonucleic acid (DNA) sequence variations that occur when a single 
nucleotide (A, T, C, or G) in the genome sequence is altered. Such ge-
netic polymorphisms are not rare.  

In setting Recommended Dietary Allowances (RDAs), the Panel on 
B Vitamins and Choline assumed that it had to cover only 95 percent of 
the population and that it did not need to address genetic mutations. For 
some of these nutrients, however, more than half the population has at 
least one genetic polymorphism. Thus, genetic mutations merit attention.  

 
 

Epigenetics 
 
The area of epigenetics has developed tremendously since the B Vi-

tamins and Choline Report was written. Clearly, some of the nutrients in 
this group, specifically the methyl donors and biotin, are part of the proc-
ess of epigenetic modification. Considerable data point to the need to 
consider whether gene expression is being changed by changes made to 
the promoter regions of genes or to the histones that surround genes.  

 
 

Major Research Gaps and Progress Made 
 
Major research gaps identified in the report included (1) human in-

formation on the requirements of children, pregnant and lactating 
women, and the elderly; (2) other indicators that could be used to assess 
function; and (3) adverse effects of high doses of the nutrient. A sum-
mary follows of progress made with regard to thiamin, riboflavin, niacin, 
pantothenic acid, and choline. 

 
 

Thiamin 
 
Little has been done to meet the research needs pertaining to thiamin. 
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Riboflavin 

 
Since 1998, at least one large population study (O’Brien et al., 2001) 

on intake reports that a sizable segment of the population (12.5 percent 
of men and 20.6 percent of women) had intakes below the Estimated Av-
erage Requirement (EAR) in Ireland.  

Hustad and coworkers (2000) show that riboflavin is inversely asso-
ciated with homocysteine concentration in blood. The authors propose 
that individuals who have a SNP in the flavin-requiring enzyme methyl-
ene tetrahydrofolate reductase (MTHFR) are sensitive to riboflavin con-
centrations. With higher intakes of riboflavin, the homocysteine 
concentration in their blood decreases. 

Flavin-adenine dinucleotide (FAD)-dependent glutathione reductases 
have been used as the markers for riboflavin sufficiency in setting the 
EAR for riboflavin. Some work suggests a new functional measure for 
riboflavin status. In particular, a clinical trial (Jacques et al., 2005) re-
ports a reduction of age-related lens opacification  in humans treated 
with riboflavin supplements. Cataract production was an end point that 
was not fully considered when setting the EAR for riboflavin, but it 
probably is of interest in the consideration of revisions to riboflavin re-
quirements. 

 
 

Niacin 
 

Research gaps Research gaps particular to niacin include (1) increased 
niacin requirements secondary to oxidant exposure, (2) the identification 
of a better method for determining niacin status other than the urinary 
excretion currently used, and (3) improvement of nutrient databases to 
differentiate the forms of niacin—specifically the naturally occurring 
niacin content of foods and niacin added as a fortificant. 
 
Progress made Some progress has been made in addressing niacin 
research gaps since 1998:  

 
• A toxicology panel was convened; in 2005, it reported on the 

toxicity and potential toxicity of higher dose niacin (Cosmetic 
Ingredient Review Expert Panel, 2005). That report discusses 
possible end points and markers, and it would be useful in recon-
sidering Tolerable Upper Intake Levels (ULs) for niacin. 
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• High and low affinity nicotinic acid receptors have been identi-
fied and cloned (Wise et al., 2003).  

• A G-protein-coupled receptor, HM74A, has been shown to me-
diate skin flushing (a side effect of high niacin intake) (Benyo et 
al., 2005). The G-protein-coupled receptor might be used to de-
fine niacin status and the niacin requirement in terms of another 
functional end point—namely, the activation or inactivation of 
that receptor. 

• Results of numerous studies have been published on the pharma-
cological use of niacin for the reduction of hyperlipidemia. Two 
are especially notable: (1) the Atherosclerotic Disease Multiple 
Intervention Trial (ADMIT), a randomized controlled trial in pa-
tients with diabetes and peripheral artery disease; and (2) the Ar-
terial Biology for the Investigation for the Treatment Effects of 
Reducing Cholesterol (ARBITER) trial, a double-blind, placebo-
controlled style of extended-release niacin. With regard to the 
DRIs, both of those trials probably are most useful for defining 
human exposure and potential toxicity at high doses. However, 
they might also be useful in defining peripheral vascular disease 
function as an end point for niacin optimization. 

 
 
Pantothenic Acid  

 
Although lack of pantothenic acid has been seen to cause deficiency 

in humans very rarely, this vitamin is a widely used cofactor. Very little 
information was available about pantothenic acid in 1998, and more re-
cent information has been provided by only two studies—both of which 
address assays for pantothenic acid in beverages, vitamins, and foods. 
Improved assay methods might help to improve the estimates of pan-
tothenic acid content in food composition databases.  

 
 
Choline  

 
In 1998, insufficient data were available to set an EAR for choline, 

so Adequate Intakes (AIs) were set instead. Major research gaps particu-
lar to choline included its roles in chronic disease, bioavailability, meta-
bolic effects, and interrelationships with vitamins B12 and B6 and with 
methionine and folate metabolism. Choline has three functions: methyl 
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donation, lipid formation, and formation of acetyl choline. Could methyl 
donors spare the entire requirement for choline or not? 

All the studies that had been done before 1998 used male subjects. 
Because data on the choline content of foods were very sparse, the panel 
had little information on the choline content of the food supply or the 
extent of human exposure to choline. Limited data were available con-
cerning high pharmacological doses of choline and their side effects; 
these data were used to establish a UL. 

 
Depletion–repletion study findings New human data obtained from a 
92-day depletion–repletion study (da Costa et al., 2006a,b) demonstrate 
that estrogen induces the endogenous synthesis of choline. Eighty per-
cent of men and postmenopausal women developed liver and muscle 
dysfunction when deprived of choline, but only 44 percent of premeno-
pausal women did. 

At baseline, 60 individuals were given 550 mg of choline per 70 kg 
of body weight daily for 10 days (see Figure 4-1). Individuals then were 
depleted (given less than 50 mg/per 70 kg of body weight daily) until 
they developed signs of deficiency or for a maximum of 42 days. Fifty-
five percent of women with estrogen did not need any choline for 42 
days. Although their blood concentrations decreased, they did not de-
velop other signs of choline depletion. Individuals who developed organ 
dysfunction were given graded doses of choline until they reverted to 
normal. Liver dysfunction (i.e., fatty liver by mass resonance imaging) 
was the common sign of depletion. 

A subgroup of the individuals developed muscle dysfunction, as 
identified by creatine phosphokinase leakage into the plasma, which re-
solved with the refeeding of choline. This outcome affected 10 percent of 
the population, including men and one postmenopausal woman. Other 
research indicates that some men require substantially more than the cur-
rent AI for choline (da Costa et al., 2006a). Potential functional markers 
for choline include muscle damage, lymphocyte apoptosis, and elevated 
homocysteine after a methionine load.  
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BASELINE REPLETION

100% choline550 mg choline per
70 kg bwt. daily

75%

25%
DEPLETION

< 50 mg choline per 70 kg bwt.
daily

Day 53—92 (40 Days)

50%

Day 11—52 (42 Days)

Day 1—10 (10 Days)

550 mg/70 kg
bwt. daily

 
 
FIGURE 4-1 Study design for choline depletion–repletion trial. The trial 
included 31 healthy men and 35 health women. The daily baseline diet also 
contains 400 dietary folate equivalents (DFE) and the depletion and reple-
tion diets have 100 DFE. On Day 11, subjects are randomized to 100 DFE 
(placebo) or 400 µg folic acid for the remainder of the study.  
NOTE: bwt. = body weight. 
SOURCE: da Costa et al. (2006b). Reproduced with permission from The 
American Journal of Clinical Nutrition. 
 
 
The finding that premenopausal women are less likely to develop or-

gan dysfunction when fed a low choline diet led to the examination of 
the gene that encodes for the enzyme that allows the liver to make the 
choline moiety. That gene has a number of estrogen-response elements in 
its promoter, and it is induced by estrogen. Further investigation revealed 
that individuals who develop organ dysfunction when deprived of cho-
line have a greatly increased risk if they have one or two of several ge-
netic polymorphisms in genes of choline or folate metabolism. The study 
found a polymorphism in phosphatidylethanolamine-N-methyltransferase 
(PEMT), the gene responsible for endogenous biosynthesis of the choline 
moiety.  

The women who have this SNP in the PEMT promoter have in-
creased susceptibility to choline deficiency (which is characterized by 
fatty liver, muscle and liver damage) with an observed risk 25 times that 
of controls. This huge increase in observed risk made it possible to iden-
tify the risk with only 60 subjects in this clinical study. A SNP in the 
gene for methyl-tetrahydrofolate dehydrogenase 1 (MTHFD1) also in-
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creased observed risk for developing choline deficiency (Kohlmeier et 
al., 2005). 

Of particular note is that the SNPs related to choline deficiency are 
not rare. For example, 18 percent of subjects were homozygous for the 
PEMT SNP, and more than half the population has one allele for this 
SNP. 

 
Food composition data and epidemiologic findings Several epidemi-
ologic studies have examined associations of choline intake with health-
related outcomes. These studies were possible because new food compo-
sition data on choline are available in tables from the U.S. Department of 
Agriculture (USDA). 

In a case-control study, Shaw and coworkers (2004) found that 
women in the lowest quartile for dietary choline intake who also have a 
low dietary intake of folate have four times the risk of having a baby 
with a neural tube defect than mothers who are in the highest quartile of 
choline intake. More recently, Shaw and colleagues (2006) reported that 
the risk for cleft lip and palate in the high choline intake group is half 
that of the low choline intake group. 

A large epidemiologic study reported an inverse relationship be-
tween dietary choline intake and plasma total homocysteine concentra-
tion (Cho et al., 2006). An intervention trial demonstrated that treatment 
with betaine, which is a choline metabolite, reduces the homocysteine 
concentration in humans (Melse-Boonstra et al., 2005).  

 
 

Concluding Remarks 
 
Dr. Zeisel ended his presentation by suggesting that future DRI pan-

els address the roles of genetic polymorphisms when revising DRIs and 
that researchers consider conducting studies to determine whether there 
is a differential response, based on SNPs, to classical depletion–
repletion. 
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DISCUSSION OF RESEARCH RECOMMENDATIONS 
 

Presenter: Patrick J. Stover 
 

 
Biotin  

 
The one major gap listed for biotin was a serious lack of data to de-

termine an EAR. The gap exists because biotin deficiency is extremely 
rare. Data suggest that humans obtain most of their biotin from micro-
flora in the gut. 

Among the new discoveries is the finding that biotin modifies his-
tones (Stanley et al., 2001). It has been known for years that biotin af-
fects the expression of enzymes in carbohydrate metabolism; the 
modification of histones and chromatin by biotin is an epigenetic signa-
ture that probably accounts for these findings. This finding also was con-
firmed with the identification of holocarboxylase synthase deficiency. 
This deficiency results in decreased histone biotinylation (Narang et al., 
2004) and in neurological development and/or metabolic abnormalities 
that can be resolved with pharmacological levels of biotin. These ge-
nomic effects may provide new indicators for setting an EAR for biotin. 

 
 

Vitamin B6 
 
Major research gaps listed for vitamin B6 (pyridoxine) include better 

indicators for the requirement and information about genetic variation, 
chronic disease prevention, interaction with other vitamins, and the needs 
of children, the elderly, and pregnant and lactating women. Relatively 
little progress has been made. 

Perhaps the biggest recent discovery was the confirmation that the 
plasma vitamin B6 concentration falls dramatically in inflammation 
(Chiang et al., 2005b; Gori et al., 2006; Younes-Mhenni et al., 2004). 
Vitamin B6 concentration is inversely correlated with C-reactive protein 
(CRP) and interleukin-6 (IL-6) in a number of disorders, including sickle 
cell, Crohn's disease, and rheumatoid arthritis. Pyridoxine supplementa-
tion has been shown to correct the deficiencies in some of these states, 
but not the inflammation (Chiang, 2005a). 

These findings may have bearing on the UL. The loss of vitamin B6 
in inflammation is not due to urinary excretion; rather the vitamin B6 is 
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sequestered somewhere in the body. The lowering of plasma vitamin B6 
concentration may be a protective homeostatic response to inflammation. 
If demonstrated, this may indicate the potential for unidentified adverse 
effects resulting from pyridoxine supplementation. 

 
 

Folate 
 
 

Progress in Filling Research Gaps 
 
A summary of progress in filling research gaps on folate appears be-

low. Folic acid is a synthetic form of folate that is not normally found in 
foods—a form that can be converted to a natural form of folate once in-
gested.  
 
Effects of folic acid fortification The mandatory fortification of en-
riched cereal grains with folic acid, which began in the United States in 
the late 1990s, has provided the opportunity for comprehensive analysis 
of risks and benefits of folic acid fortification. Good data are available on 
the substantial reduction of the incidence of neural tube defects that oc-
curred following this mandatory fortification. Investigators are still ex-
amining data on effects of the fortification on conditions such as vascular 
disease, cancer, cognition outcomes, and dementia. 
 
Genetic variants New genetic variants have been identified that affect 
carbon metabolism and that are risk factors for various disease outcomes. 
In addition to the MTHFR polymorphism known before 1998, research-
ers have identified another risk factor for neural tube defects, the 
MTHFD1 polymorphism, which was mentioned by Dr. Zeisel in relation 
to choline deficiency. Although these two human polymorphisms in 
folate metabolism are associated with increased risk for neural tube de-
fects and alter one-carbon metabolism, they make up only a small frac-
tion of the total genetic component that poses risk for neural tube defects. 

Concern had been raised about whether the EARs for folate cover 
individuals with MTHFR polymorphism. This type of polymorphism is 
common—homozygotes for this population represent about 20 percent of 
the Caucasian and Asian populations. A recent depletion–repletion study 
(Guinotte et al., 2003) demonstrated that the current RDA for folate is 
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adequate for young women for all three MTHFR phenotypes, suggesting 
that there is not a need for individualized requirements. 
 
Potential indicator of folate requirement  Preliminary data from the 
Third National Health and Nutrition Examination Survey (NHANES III) 
indicate that a useful cut point appears when homocysteine concentration 
is graphed against serum folate. Thus, a serum folate concentration of 10 
nmol/L could serve as a useful indicator for the folate requirement. 
 
Bioavailability Relatively little research has been conducted on the 
bioavailability of folate. Despite several studies, the interaction of folate 
with vitamin B12 deficiency remains to be determined. The concern is 
that adequate folate or high intake of folate may exacerbate the neuro-
logical symptoms and neurodegeneration associated with vitamin B12 
deficiency, but this notion has yet to be proven or dismissed. 
 
Folate requirements for infants and other special groups Most of 
the work related to the role of folate in the differentiation of development 
is still descriptive, not mechanistic. Little progress has been made in de-
termining whether folate requirements vary by trimester in pregnancy or 
in obtaining data specific to folate requirements for children, elderly per-
sons, and women of reproductive age.  
 
Interactions with other nutrients Considerable data are available 
now regarding interactions of folate with certain other B vitamins and 
choline, both of which affect methylation status—especially the methyla-
tion of DNA and histones, which has effects on gene expression and 
stem cell programming. 
 
Measurement of folate In analytical methodology, the biggest ad-
vancements have been made in the area of developing mass spectrometry 
techniques to measure folate concentration in serum. 
 
 
New Concern 

 
Among persons who have high intakes of folic acid, the unmetabo-

lized form may appear in serum (Kelly et al., 1997; Troen et al., 2006). 
Seventy-eight percent of fasting adult participants in one study exhibited 
the presence of a substantial concentration of unmetabolized folic acid in 
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serum. Concern has been raised about this—with regard both to children 
and adults. Folic acid itself is not a biologically active form of the vita-
min, and it can have inhibitory properties. Troen and colleagues (2006) 
showed reduced natural killer cell cytotoxicity in women with folic acid 
present in the plasma.  

 
 

Vitamin B12  
 
 
Major gaps related to vitamin B12 included  
 

• its role in vascular disease;  
• the impact of genetic variation;  
• requirements in the elderly (one in six individuals over the 

age of 65 years is believed to be at risk for deficiency of vi-
tamin B12 );  

• the effect of folate on progression of clinical symptoms of 
vitamin B12 deficiency, especially neurological outcomes;  

• methods to detect status;  
• indicators, especially in the elderly and vegans who have a 

propensity to become vitamin B12 deficient; and  
• the efficacy of vitamin B12 fortification, should such fortifi-

cation be initiated.  
 
A polymorphism in transcarbolamine 2 has been found to affect in-

dicators of blood B12 status, namely holotranscobalamin (holoTC con-
centration) and homocysteine concentration. Some progress has occurred 
in developing methods to determine vitamin B12 status: a holoTC kit is 
now available and may be an improvement, and other diagnostic kits are 
being developed. 

Better indicators may also be available. In particular, the serum B12 
value required to maintain hematological status (estimated earlier to be 
150 pmol/L of serum B12) is consistent with cut points for the log of ho-
mocysteine and the log of methyl-malonic acid versus serum B12 that 
occur near 150 pmol/L of serum B12 (Unpublished data, Jacob Selhub, 
Tufts University,  2006).  
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Future Perspectives 
 
In terms of future perspectives, Dr. Stover focused on three areas: (1) 

disease and pathology outcomes, (2) genetic variation and requirements, 
and (3) fetal/stem cell programming. 

 
 

Disease and Pathology Outcomes 
 
MTHFR polymorphism inhibits the remethylation cycle, which may 

increase the homocysteine concentration of the blood, decrease methyla-
tion potential, and alter chromatin structure and gene expression. These 
alterations in biochemistry present both benefits and risks. For example, 
in utero risk for neural tube defects increases, as does the risk for miscar-
riage; but homozygous carriers of that polymorphism have a 70 percent 
reduction in risk for colon cancer compared to people who carry the 
more prevalent allele. This raises the question of whether a given nutrient 
intake level presents opposing benefits and risks for different diseases. 

An increasing literature raises concern that a high folate status actu-
ally may present risk for colon cancer. That is, folate may be preventive 
in the initiation stage of cancers, but it may accelerate cellular transfor-
mation once the cancer is initiated. Thus, great care is needed in choos-
ing outcomes on which to base the DRIs. 

 
 

Genetic Variation and Requirements 
 
With regard to genetic variation and requirements, it will be impor-

tant to assess whether or not to individualize dietary requirements to 
subgroups that have a specific genetic polymorphism. In doing so, it is 
necessary to consider both the penetrance of the polymorphism (that is, 
the probability of expressing a phenotype from the given genotype at a 
given time) and its prevalence (which is a measure of the proportion of 
persons in the population with a certain SNP at a given time). 

Evidence suggests that few SNPs are likely to be sufficiently pene-
trant to warrant genotype-specific recommendations. One basis for this 
position is that most of the SNPs known that affect indicators of status, at 
least in B vitamin metabolism, also are risk factors for miscarriage. The 
current experience indicates that genotypes that confer large differences 
in nutrient utilization and hence nutritional requirements will probably be 
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lost in utero. However, some have suggested that the use of supplemental 
folate reduces rates of human spontaneous abortion. That is, given that 
folate apparently can prevent neural tube defects, it might rescue some of 
these miscarriages. The desirability of increasing disease alleles in the 
population is an open question and probably warrants some attention. 

SNP–SNP interactions are likely to be more penetrant than most 
SNPs in isolation, but they have a lower prevalence. In general, as the 
penetrance of an SNP or SNP–SNP interaction increases, in terms of the 
effects of genetics on an indicator of status or outcome, the prevalence of 
that genetic variation decreases. 

Examples of gene–gene interactions from Dr. Stover’s laboratory in-
volve cytoplasmic serine hydroxymethyltransferase (cSHMT) and 5-
MTHFR. Results from the National Aging Study cohort analysis (Lim et 
al., 2005) show that neither the MTHFR polymorphism or the cSHMT 
polymorphism is very penetrant in terms of the risk of cardiovascular 
disease. However, cardiovascular disease risk increases if cSHMT poly-
morphism occurs among heterozygotes for the MTHFR polymorphism. 
Moreover, for homozygotes with both of the polymorphisms, the risk 
increases substantially. Thus, gene–gene interactions are important, but 
they have low prevalence.  

Dr. Stover suggested the development of a framework for establish-
ing impacts and cut-off points for genetic variation that addresses two 
major points: (1) How prevalent do these polymorphisms have to be to 
warrant genotype specific recommendations? and (2) What is the pene-
trance—that is, what is the genetic contribution of variation compared to 
the overall variation in requirement—and is that penetrance sufficient to 
warrant the use of genotypic-specific results to develop  nutrient recom-
mendations for subgroups? 

 
 

Fetal and Stem Cell Programming  
 
Dr. Stover emphasized the importance of investigating fetal and stem 

cell programming, which first received attention by the nutrition com-
munity related to Barker’s fetal origins of adult disease hypothesis. This 
hypothesis suggests that fetal environmental exposures, especially nutri-
tion, act in utero or in the neonate to program risk for adult health out-
comes. 

Evidence from mouse models suggests that folate can program gene 
expression (Cooney et al., 2002; Dolinoy et al., 2006; Morgan et al., 
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1999; Waterland and Jirtle, 2003) A number of mouse models involve a 
genetic deletion that results either in nonviable embryos or some sort of a 
severe phenotype that can be rescued with nutrition. Thus, care is war-
ranted related to the possibility that epigenetic effects modify genetic 
insults that exist in the human population. Dr. Stover believes that certain 
reprogramming events probably are common, can be modified by nutri-
tion, and influence a number of folate-associated diseases. 

 
 

Concluding Remarks 
 
In conclusion, Dr. Stover emphasized the need to consider genetic 

variation, determine relevant parameters, and determine whether or not 
individual recommendations for B vitamin requirements are needed. Fur-
thermore, there is a need for better understanding of epigenetic effects. In 
investigating new indicators for both the EAR and UL, a disease preven-
tion approach could involve targeting the molecular antecedents of dis-
ease. Promising ones might include molecular antecedents for cancer and 
for other diseases with mutation rates that can be measured in the popula-
tion. However, since this approach probably would result in increasing 
the RDA, attention also would need to be given to new concerns for ULs, 
including epigenetic effects and genetic rescue.  

 
 

DISCUSSION 
 
A number of comments made during the discussion relate to the DRI 

paradigm. Those comments appear at the end of Chapter 13, “Wrap-Up.”  
Dr. Appel asked about homocysteine as a surrogate for folate intake.  

In particular, findings in recently published clinical trials indicated that 
decreases in serum homocysteine concentration were not accompanied 
by a reduction in adverse health outcomes. In some cases, there was the 
appearance of potential harm. Considering this, how could homocysteine 
serve as a useful surrogate for folate intake? Dr. Stover responded that 
those findings were from secondary prevention trials and that primary 
prevention trials are needed because that probably is where homocys-
teine is exerting its effects. 



 

49 

5 
 

Dietary Reference Intakes for Vitamin C, 
Vitamin E, Selenium, and Carotenoids1 

 
 
 
 
 
 
 
 

Presentations on the Dietary Reference Intakes (DRI) Antioxidants 
Report (IOM, 2000b) were given by Susan Taylor Mayne of Yale Uni-
versity School of Medicine, who served on the panel for the report, and 
by John N. Hathcock of the Council for Responsible Nutrition, who was 
asked to provide a fresh perspective. Dr. Mayne provided an overview of 
progress made and addressed emerging or persistent questions. (Vitamin 
C was not covered because of time limitations.) She also addressed con-
sistency of the research recommendations with public health concerns, 
methods to address research recommendations in future DRIs, and the 
use of Adequate Intakes (AIs). Dr. Hathcock’s presentation focused on 
the DRI process. 

 
 

DISCUSSION OF RESEARCH RECOMMENDATIONS: 
VITAMIN C, VITAMIN E, SELENIUM, AND CAROTENOIDS 

 
Presenter: Susan Taylor Mayne 

 
 

Overview 
 
The DRI Antioxidant Report (IOM, 2000b) contains Estimated Av-

erage Requirements (EARs), Recommended Dietary Allowances 
(RDAs), and Tolerable Upper Intake Levels (ULs) for vitamin C, vita- 

                                                           
1This chapter is based on a transcript and slides covering the session. Dr. Mayne ac-

knowledged contributions of fellow panelists Raymond Burke and Maret Traber. 
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min E, and selenium for each life-stage group above age 12 months. In 
each case, criteria were based on a specific function and not on the pre-
vention of chronic disease. The report also addresses beta-carotene and 
the carotenoids; but no EARs, RDAs, or ULs were established for any of 
those substances. 

 
 

Selenium 
 

 
Progress Made 

 
Considerable research has been conducted on selenium in the past 6 

years. In basic science, for example, 25 genes have been identified that 
code for selenoproteins. Characterization of these genes is now in pro-
gress and is expected to yield useful functional information and clarifica-
tion of biochemical mechanisms. 

Selenoprotein P is now considered a highly promising biomarker for 
selenium status. It could be considered along with selenium-dependent 
glutathione peroxidase (the current functional indicator) by a future DRI 
panel. 

Disease prevention was and continues to be a particular area of inter-
est related to the antioxidant nutrients. The ongoing Selenium and Vita-
min E Chemoprevention Trial (SELECT), a very large cancer prevention 
clinical trial involving 35,000 men, will provide much needed clinical 
data on possible roles of selenium in disease prevention and on adverse 
effects that may occur with selenium supplementation. The basis for 
SELECT comes from the Selenium Skin Cancer Prevention Trial (Clark 
et al., 1996), which studied skin cancer prevention resulting from 4.5 
years of supplementation with 200 µg/day of selenium in the form of 
selenium-enriched yeast. No reduction in second skin cancers occurred; 
but, unexpectedly, fewer cancers of the prostate, lung, and colorectum 
were noted in the group that received selenium supplements. The 
SELECT trial is designed to try to replicate this provocative finding. 
Figure 5-1 depicts the SELECT study design. 
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Placebo E (400 mg/d) Se (200 ug/d) E + Se

>35,000 Males

>55 years old

(>50 AA)

7 -12 year trial

Primary endpoint:  Incident prostate cancer

Secondary endpoints:  Lung, colon, other cancers

AA= African American
 

 
FIGURE 5-1 Overview of Selenium and Vitamin E Chemoprevention Trial 
(SELECT). 
 
 
A subgroup analysis of the Nutritional Prevention of Cancer Trial 

(Duffield-Lillico et al., 2002) addressed efficacy of the selenium sup-
plementation as a function of baseline selenium status. Although the in-
vestigators found reductions in incident cancer among subjects in the 
first and second tertiles of selenium intake at entry (both of which repre-
sented low selenium intakes because participants for this study were re-
cruited from low-selenium regions of the United States), there was a 20 
percent increase in the risk of total cancer among subjects in the highest 
tertile of selenium intake. This finding of greater efficacy in persons with 
lower nutrient status at baseline is supportive of results of some other 
antioxidant nutrient trials, indicating that baseline nutrient status may be 
important in determining the efficacy of supplementation with that 
nutrient. 

Although SELECT will provide a wealth of data, a future DRI panel 
will face challenges in interpreting the results if no benefits are observed. 
Concerns have been raised about the dose of vitamin E (higher than that 
used in the Alpha-Tocopherol Beta-Carotene (ATBC) Trial; see further 
discussion), the form of selenium being used, the timing and duration of 
the intervention, and lifestyle factors and baseline nutritional status that 
may modify the effects. 
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Questions for Future Research 
 
Dr. Mayne raised the following questions for future research con-

cerning selenium:  
 

• Could selenoprotein P be used as the basis for setting the 
EAR and RDA for selenium? 

• What health risks are associated with marginal selenium in-
take?  

• Does supplemental selenium benefit only those with inade-
quate status? 

• What mechanisms are responsible for selenium's health ef-
fects? Evidence indicates that there are many possible 
mechanisms in addition to antioxidant function.  

  
A persistent research gap that applies to all the antioxidant nutrients 

concerns the nutrient needs of children. Little or no data are available on 
the nutrient requirements of children or infants. 

 
 

Vitamin E 
 
Despite the considerable interest in roles of vitamin E in the preven-

tion of chronic disease, the DRI panel on antioxidants determined that 
the research base was insufficient to allow the use of a chronic disease 
end point as a functional indicator for setting the EAR and RDA for vi-
tamin E. Instead, the functional indicator selected for those DRI values 
was the prevention of hydrogen peroxide-induced hemolysis.  

 
 

Progress Made 
 
Over the past few years, much research attention has been given to 

vitamin E with regard to basic science progress (ongoing stable isotope 
studies, for example, will greatly illuminate understanding of metabolism 
and kinetics for vitamin E), chronic disease studies (especially coronary 
heart disease prevention studies in high-risk populations), and vitamin E 
supplementation trials for cancer prevention (primarily among high-risk 
populations).  
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The most promising data to come out of the large clinical trials on vi-
tamin E is the possibility of a protective effect of vitamin E against pros-
tate cancer (Virtamo et al., 2003). An unexpected 30 percent reduction in 
prostate cancer incidence occurred in the ATBC Trial, a lung cancer pre-
vention trial conducted in Finland. In this trial, smokers were randomized 
to receive vitamin E (50 mg/day) or placebo. Since this was a lung can-
cer prevention trial rather than a prostate cancer prevention trial and all 
the subjects in the trial were smoking at entry, questions remain: Is vita-
min E protective against prostate cancer? Is the effect limited to smokers 
only?  

Additional evidence suggests that vitamin E may reduce the risk of 
prostate cancer in smokers only. An observational cohort study (Chan et 
al., 1999) found that vitamin E supplement use was not related to overall 
prostate cancer risk. However, among the current smokers or recent quit-
ters in the study, an inverse association was suggested, particularly for 
metastatic or fatal prostate cancer. The relative risk was 0.44, which was 
nearly statistically significant. Similarly, in the Prostate, Lung, Colorec-
tal and Ovarian (PLCO) Cancer Screening Trial, supplemental vitamin E 
was not associated with the overall risk of prostate cancer. With both 
higher dose and longer duration of vitamin E supplementation, however, 
a statistically significant decrease in the risk of advanced prostate cancer 
was observed among current and recent smokers (Kirsh et al., 2006). 

 
 

Continuing Research Gaps 
 
A continuing research gap relates to the limited information about vi-

tamin E in food composition databases. Data still are not widely avail-
able on the alpha-tocopherol, gamma-tocopherol, and delta-tocopherol 
contents of foods. Moreover, evidence is needed on the biological activ-
ity of various vitamin E forms in humans. 

Dr. Mayne raised a new question in terms of research challenges; 
namely, When conducting prevention trials, is it more informative to 
base the research design on unexpected results from previous trials or to 
base them on findings from observational epidemiology? SELECT will 
provide data pertinent to this question. 
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Beta-Carotene and the Carotenoids 
 
The panel for the DRI Antioxidant Report considered a number of 

possible functional indicators for beta-carotene and the carotenoids: vi-
tamin A equivalency, markers of antioxidant activity, modulation of gap 
junctional communication, immune functions, and relationship to chronic 
diseases such as cancer, coronary heart disease, macular degeneration, 
and cataract formation. Vitamin A equivalency was addressed by the 
DRI panel on micronutrients.  

 
 

Progress Made 
 
Uneven progress has been made. Functional indicators such as gap 

junctional communication, immune modulation, and antioxidant markers 
still remain unvalidated as being predictive of a disease outcome. How-
ever, dermal carotenoid concentration, measured using noninvasive tech-
niques, is a possible new status indicator. 

Although some prevention trial results were available to the panel 
before publication of the DRI Antioxidants Report in 2000, more recent 
analyses have identified subgroups that apparently benefit and subgroups 
that are harmed by supplementation. For example, one of the trials 
(Baron et al., 2003) found that beta-carotene significantly reduced the 
risk of colorectal adenoma recurrence in nonsmokers and nondrinkers, 
and significantly increased it in smokers and drinkers. The Supplémenta-
tion en Vitamines et Minéraux Antioxydants (SUVIMAX) trial of many 
different nutrients, including antioxidant nutrients, found that men bene-
fited and women did not with regard to cancer incidence (the primary 
outcome studied). 

Considerable progress has been made in research related to macular 
degeneration. The Age-Related Eye Disease Study (AREDS), a random-
ized clinical trial using antioxidant nutrients and zinc, found that this nu-
trient combination significantly reduced the risk of advanced macular 
degeneration among persons who already had some macular changes 
(Age-Related Eye Disease Study Research Group, 2001). AREDS II will 
be the first large controlled trial of supplemental lutein and zeaxanthin—
carotenoids—for which very little human supplementation data are avail-
able. The trial also will include testing of intake of long-chain omega-3 
fatty acids. 
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Critically needed methodologic work has been conducted on the 
measurement of macular pigment, a possible new status indicator. The 
new methods (heterochromatic flicker photometry and Raman spectros-
copy) have been used in studies that look at determinants (e.g., diet, ge-
netics, and adiposity) of macular pigment. The predictive ability of 
macular pigment for future disease risk is still unknown—a causal link 
has not yet been established. 

 
 

Continuing Research Gaps 
 
Continuing research gaps include the following: 
 

• The dose-dependence of carotenoid effects on health 
• Effects of polymorphisms in antioxidant-related or regulated 

genes on the efficacy of antioxidant nutrients 
• The role of oxidative stress in chronic disease  
• Predictive value of markers of oxidative stress for clinical 

end points 
• Understanding subgroup effects, especially smoking, which 

are evident throughout the antioxidant nutrient literature 
 

 Development and validation of biomarkers of oxidative stress are 
still lacking. The prevention of artifact is a big challenge in this work. 
Moreover, it is necessary to characterize the intra- and intersubject vari-
ability of these markers before their use can be explored in population 
studies. 
 
 

The DRI Process 
 

 
DRI Process as Related to Antioxidant Nutrients 

 
Process questions specific to the antioxidant nutrients appear in Box 

5-1. With regard to question 1, many nutrients and other food compo-
nents that have antioxidant function were not addressed by the first panel 
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BOX 5-1 
DRI Process Questions Related to the Antioxidant Nutrients 

 
1. Should antioxidant nutrients be addressed more comprehensively?  
 
2. If a nutrient has beneficial effects at doses much higher than needed for 
the prevention of deficiency, how should this affect the setting of EARs and 
RDAs? 
 
3. If vitamin E prevents prostate cancer in smokers but not in nonsmokers, 
how can this information be incorporated into a DRI process? 
 
4. Should an AI be set for a nutrient that has no known essential functions 
in humans?  
 

 
 

on antioxidants. This applies, for example, to many of the phytochem-
cals. Question 4 was considered by the first panel on antioxidants, for 
example, with regard to lycopene. 

 
 

General Aspects of the Dietary Reference Intake Process 
 
According to Dr. Mayne, a major issue is how to incorporate health 

promotion into the DRI process. The lack of functional indicators that are 
associated with the promotion of optimal health limited the ability of the 
panel on antioxidants to address this. There is a lack of congruity be-
tween the public health priority (which is the prevention of chronic dis-
eases) and the current DRI process (which says that a functional 
indicator is needed to set an EAR or AI). Because of this, all the EARs in 
the DRI Antioxidant Report are based upon functional indicators, and 
none are linked to any chronic disease prevention end points. With this in 
mind, Dr. Mayne raised the question, “Should the concept of a range of 
nutrient intake be reconsidered, or is there some other method to incorpo-
rate information about disease prevention (including subgroup-specific 
information) into the DRI process? Dr. Mayne invited other speakers to 
address this issue. 
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DIETARY REFERENCE INTAKES FOR ANTIOXIDANT 
NUTRIENTS: GENERAL AND SPECIFIC FRESH 

PERSPECTIVES 
 

Presenter: John N. Hathcock 
 

 
The DRI Process 

 
This presentation provided perspectives that relate mainly to the DRI 

process and included a number of suggestions, which are summarized 
below. 

 
• Rather than setting the RDA based on a 10 percent or 20 percent 

coefficient of variation (about two standard deviations higher 
than the EAR), consider setting it at four standard deviations 
above the EAR. This would cover the entire population but 
would not be near the UL. For vitamin E, for example, the values 
would be as follows: 

 
- EAR, 12 mg for adult males  
- Current RDA, 15 mg 
- Proposed RDA (EAR plus four standard deviations), 18 mg 
 

• Could risk assessment methodology be used to evaluate the 
lower end rather than just the upper end of nutrient risk? Figure 
5-2 depicts the concept. Dr. Hathcock suggested that examina-
tion of the potential advantages and disadvantages of implement-
ing this concept be undertaken by an expert national committee. 

• Can the UL concept be expanded to include a value for nutrients 
for which an adverse effect or a toxicity has not been clearly es-
tablished, such as vitamin B12? To date, no UL has been set for 
such nutrients. The lack of a UL might be interpreted in either of 
two ways: (1) there is no UL because of a lack of adequate data, 
or (2) there is almost no evidence whatever of toxicity despite 
ample data. Dr. Hathcock suggested that a value called the High-
est Observed Intake in a recent Food and Agriculture Organiza-
tion and World Health Organization report (FAO/WHO, 2005) 
(a value that he calls an Observed Safe Level) would be a useful 
addition. 
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FIGURE 5-2 Hypothetical curve depicting symmetrical risk assessment.  
NOTE: NOAEL = No Observed Adverse Effect Level, LL = Lower Level, 
UL = Tolerable Upper Intake Level, LOAEL = Lowest Observed Adverse 
Effect Level 
 
 
• Can the process of setting ULs be made more systematic—one 

that consistently uses a decision tree approach?  
• Are separate UL values needed for different forms of a nutrient? 

Examples include alpha- and gamma-vitamin E and forms of se-
lenium such as selenized yeast, sodium selenide, sodium sele-
nate, and sodium methionine. 

• Can risk and benefit curves be prepared for lutein, zeaxanthin, 
lycopene, and selenium chemical species and modulators for use 
in setting DRIs? 

 
 

Other Concerns 
 
In addition, Dr. Hathcock pointed out concerns he had regarding the 

meta-analysis of high-dosage vitamin E supplementation conducted by 
Miller and colleagues (2005) (concerns that one of the coauthors rebutted 
during the discussion period). Dr. Hathcock also raised questions about 
the advisability of terminating a randomized-controlled trial when clear 
benefit is seen for a secondary rather than a primary end point (as was 
the case in the study of selenium supplementation by Clark et al. [1996]). 
In particular, if a secondary end point is one that automatically has to be 
retested, is it appropriate to use it as the basis for stopping a study early? 
In short, Dr. Hathcock stated that there is a need to examine the statisti-
cal methods applied to multiple clinical trials and to multiple end points. 
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DISCUSSION 
 
Discussion centered on concerns related to setting the EAR for vita-

min E based on vitamin E concentrations and hydrogen peroxide-induced 
hemolysis—even though such hemolysis is not a clinical problem. This 
was the indicator for which data were available; there were insufficient 
data about other indicators and chronic disease end points that had been 
considered by the panel. For points raised about how this relates to ap-
propriateness of the model, see the discussion section in Chapter 13. 
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Dietary Reference Intakes for Vitamin A, 
Vitamin K, Arsenic, Boron, Chromium, 

Copper, Iodine, Iron, Manganese, 
Molybdenum, Nickel, Silver, Vanadium, 

and Zinc1 
 
 
 
 
In this session, Robert Russell of Tufts University, former chair of 

the panel on micronutrients, focused attention on research related to 4 of 
the 14 disparate nutrients that were covered in the DRI Micronutrients 
Report (IOM, 2001), namely vitamin A, vitamin K, iron, and zinc.2 Dr. 
Janet Hunt of Grand Forks Human Nutrition Research Center, former 
member of the Subcommittee on Interpretation and Uses of Dietary Ref-
erence Intakes, provided research perspectives related to the report. 

 
 

DISCUSSION OF RESEARCH RECOMMENDATIONS 
 

Presenter:  Robert M. Russell 
 
 
To set the stage for considering research recommendations, this 

presentation provided background information on Dietary Reference In-
takes (DRIs). Then Dr. Russell identified and discussed what he consid-
ered to be the four most important research recommendations made in 
the DRI Micronutrients Report. 

 
 

                                                           
1This chapter is based on a transcript and slides from the workshop. 
2Dr. Russell’s comments incorporate input from a majority of the other micronutrient 

panel members. 



62 DIETARY REFERENCE INTAKES 
 

 

Background Information 
 
The background information provided here is intended to illustrate 

the major knowledge gaps that have posed challenges for setting DRIs 
for the micronutrients covered in the DRI Micronutrients Report. The 
Estimated Average Requirements (EARs) for vitamin A, iron, and zinc 
were all based on factorial considerations including percent absorption, 
bioavailability, excretion, turnover, and utilization of the nutrient. The 
panel had considered using indicators for setting the EARs for these nu-
trients. Examples of indicators the panel considered when setting the 
EAR for vitamin A include 

 
• immune function, 
• conjunctival impression cytology, 
• relative dose–response and modified relative dose–response, 
• isotope dilution, 
• serum/plasma retinol concentration, and 
• dark adaptation. 
 
The first three indicators were not selected either because most of the 

work was done in animals or because the observations were made in de-
veloping countries where the total nutritional profiles were uncertain. 
Insufficient data were available on isotope dilution studies to obtain a 
good prediction of body stores of vitamin A. Neither serum nor plasma 
retinol concentrations could be used because retinol is under homeostatic 
control. 

By pooling data from four studies on dark adaptation, encompassing 
13 individuals, the EAR would have been set at 300 retinol activity 
equivalents (RAEs),  Because the coefficient of variation was 40 percent, 
however, it was judged that the Recommended Dietary Allowance 
(RDA) could not be established using dark adaptation (the preferred in-
dicator). Thus, the factorial method rather than dark adaptation was used 
to set the EAR. Doing this resulted in an EAR that was about twice as 
high—625 RAE/day. 

For vitamin K, an Adequate Intake (AI) was set rather than an EAR. 
This decision was a result of two factors:  lack of dose–response data and 
some uncertainty about the physiologic relevancy of carboxylated osteo-
calcin as an indicator for vitamin K status. 
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Four Key Research Recommendations 
 
Dr. Russell identified four research recommendations in the DRI 

Micronutrients Report that he viewed as of highest priority. These rec-
ommendations appear below. These four research recommendations cut 
across many of the nutrients and remain major research gaps. 

 
1. Identification of new functional and biochemical end points that 

indicate sufficient and insufficient body stores (vitamin A, vita-
min K, iron, chromium) 

2. Identification of new functional and biochemical end points that 
indicate nutrient toxicity (iron and oxidative status, iron content 
of ferritin, hepcidin, vitamin A and bone toxicity, zinc and im-
mune function) 

3. The identification and (quantified) effects of interactions be-
tween micronutrients and other food components: calcium and 
zinc, zinc and phytate 

4. Determination of the effects of age, sex, race, pregnancy, and 
lactation on nutrient utilization and turnover: vitamin A, vitamin 
K, zinc 

 
 

Status of These Research Needs 
 
 
The Identification of New Functional and Biochemical End Points  

 
As an example of the first recommendation, studies are needed of the 

relationship between early childhood iron deficiency and cognitive func-
tion with an eye toward identifying the best indicators of risk. Some pro-
gress has been made on vitamin K, and studies are underway. For 
example, three clinical intervention trials are investigating the specific 
role of phylloquinone in bone in postmenopausal women. At least one is 
addressing the beneficial effects of pharmacologic dosing of 
menaquinone 4 in the treatment of osteoporosis. (Menaquinone 4 has 
been used to treat osteoporosis for more than 10 years in Japan, with re-
ported benefits [Cockayne et al., 2006].) These three intervention studies 
should provide useful information about the physiologic significance of 
undercarboxylated osteocalcin and could be helpful in providing data 
useful for establishing EARs.  
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New studies suggest roles for vitamin K in coronary artery disease 
and in brain function, and these topics warrant further research. For ex-
ample, strong animal data support a role for vitamin K-dependent pro-
teins as an inhibitor of calcification. In particular, mice lacking the gene 
coding for matrix Gla protein show calcification of their arteries that 
leads to hemorrhagic death due to vessel rupture. As another example, 
animal studies of neurodegeneration hold promise and need to be ex-
panded. In addition, parallel human studies are needed to examine links 
of neuropsychological outcome measures or other measures of cognitive 
function with vitamin K status. Because high intakes of vitamin K are 
associated with high-quality diets, prospective intervention trials using 
the isolated vitamin will be needed to distinguish the action of vitamin K 
from that of other nutrients, such as folate. 

 
 

End Points that Indicate Nutrient Toxicity 
 
A number of functional and biochemical end points that indicate nu-

trient toxicity offer promising avenues of research:  
 
• Iron and oxidative status, iron content of ferritin, and hepcidin 
• The relationship between iron status, serum ferritin, and the 

metabolic syndrome and the putative risk for cardiovascular dis-
eases related to oxidative damage 

• The examination of which systems become dysfunctional with 
excess zinc, considering the immune system as a prime target of 
investigation 

• The relationship of vitamin A intake with bone demineraliza-
tion—Feskanich and coworkers (2002) provide evidence that 
this adverse effect occurs at intakes that are close to the RDA, 
but some inconsistent findings also have been reported 

 
 

Interactions 
 
Of particular interest are studies of interactions between calcium and 

zinc and between zinc and phytate. Related is study of the quantity of 
endogenous zinc excreted by the intestine versus the quantity absorbed 
(i.e., studies on human zinc homeostasis) at various intake levels. 
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Effects of Age, Sex, Race, and Physiological Status on Nutrient 
Utilization 

 
The DRI values set for children (by the use of extrapolation) merit 

attention. Table 6-1, which covers vitamin A values, illustrates this point. 
One can see that the Tolerable Upper Intake Levels (ULs) for the 

younger children equal the RDAs for adolescents—a situation that calls 
for closer examination. Similarly for the younger children, the UL for 
zinc is very close to the RDA; and it could be easy for young children to 
exceed the UL for zinc.  

The investigation of lactating women's iodine requirements is an-
other topic still in need of research. 

 
 

TABLE 6-1 Selected Dietary Reference Intake Values for Vitamin A 
and the Criteria Used to Set Them, by Life Stage 

Life Stage Criterion EAR RDA AI UL 
  ←µg of vitamin A/day→ 
0–6 months Human milk content   400  
7–12 months Extrapolated from 0–6 

months 
  500  

1–2 years Extrapolated from adults 210 300  600 
4–8 years Extrapolated from adults 275 400  900 
9–13 years, M Extrapolated from adults 445 600   
9–13 years, F Extrapolated from adults 420 600   
14–18 years, M Extrapolated from adults 630 900   
14–18 years, F Extrapolated from adults 485 700   
> 18 years, M Adequate body stores 625 900   
> 18 years, F Adequate body stores 500 700   
M = Male; F = Female; EAR = Estimated Average Requirement; RDA = Recom-
mended Dietary Allowance; AI = Adequate Intake; UL = Tolerable Upper Intake 
Level. 
SOURCE: IOM (2001). 
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Research Gaps for Which New Data Are Available 
 
More data are available now to address a number of research ques-

tions identified by the panel on micronutrients, including the following: 
 
• The effect of vitamin A status on plant carotene conversion. The 

lower the vitamin A nutriture, the better humans break down and 
utilize the plant carotene (Ribaya-Mercado et al., 2000).  

• The vitamin A activity of different plant foods (Haskell et al., 
2004; Tang et al., 1999; 2005). For example, the conversion ratio 
of beta-carotene to vitamin A would be 21 µg to 1 µg for spinach 
and 15 to 1 for carrots. Research is still needed on how this con-
version is affected when the plant food is eaten as a part of a 
whole meal. 

• The vitamin A content of foods  
• Classifications of iron-loading syndromes with identification of 

the central role of hepcidin, which is a down-regulator of iron 
transport. There is great hope that hepcidin could be used in set-
ting an EAR and/or in considering iron overload. 

 
 

Potential New Research Questions 
 
Dr. Russell posed a set of topics for investigation that have arisen 

since the writing of the DRI Micronutrients Report: 
 
• Vitamin A and gene expression profiles, especially gene expres-

sions that control certain functions 
• The bioavailability and metabolism of menaquinones and the 

roles of menaquinones and phyloquinones in sphingolipid me-
tabolism. Animal data published since the DRI Micronutrients 
Report completion points to roles for vitamin K in the form of 
menaquinone for brain function: it stimulates sphingolipid syn-
thesis and improves cognition. 

• The relationship between iron status and infections, such as hu-
man immunodeficiency virus (HIV) and tuberculosis 

• Food-specific bioavailability questions, such as the bioavailabil-
ity of iron or beta-carotene in cereal and legume crops produced 
by varietal selection or genetic engineering to improve iron or  
vitamin A nutrition 
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• Biomarkers of zinc status, primarily genomic or proteomic, to 
correlate with functional outcomes such as immunity. For exam-
ple, a gene product derived from zinc-influenced systems (such 
as zinc transporter proteins) might serve as a biomarker. 

 
 

Status of Research on Chromium, Copper, and 
Ultra-Trace Minerals 

 
No substantial progress has been made on the bioavailability and 

turnover of chromium, copper, or the ultra-trace minerals (arsenic, boron, 
manganese, molybdenum, nickel, silicon, and vanadium). Furthermore, 
no substantial data have been published to date on physiologic and psy-
chologic functional consequences of deficiencies of these minerals. A 
research question might be, “What is the effect of boron deficiency in 
bone health?” 

 
 

Summary 
 
In summary, for vitamin K, much progress has occurred and more is 

expected over the next several years—probably enough on which to base 
an EAR. For vitamin A, there has been substantial progress as well. De-
spite good progress for iron, much remains to be done, especially regard-
ing hepcidin as a marker of iron status. For the other minerals, much 
work still needs to be done. 

 
 

RESEARCH PERSPECTIVES 
 

Presenter: Janet R. Hunt 
 
 
The DRI process can be related to the circular process of assessment, 

planning, implementation, and evaluation (Figure 6-1). Following the 
steps in Figure 6-1 can help to identify research needs. 
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DRI process

Assess

Plan

Evaluate

2. Status indices

3. Criteria for 
    adequacy, 
    excess 

4. Physiological 
    requirement

5. Dietary 
    bioavailability

6. Set EAR, RDA, UL 
    for specific groups

7. Apply to plan & 
    assess diets, make 
    public recommendations 

8. Identify 
    knowledge gaps, 
    discrepancies, 
    determine 
    efficacy

9. Conduct 
    needed
     research

Implement

1. Nutrient 
    function

 
 
FIGURE 6-1 Dietary Reference Intakes process in relation to the circular 
assessment, planning, implementation, and evaluation process. 
 
 

Steps 1 and 2: Nutrient Function and Status Indicators 
 
There is a need to identify the functional roles related to good health 

for the micronutrients. Even though zinc is widely known for its impor-
tance for immune function and for wound healing, it is not yet possible to 
identify a specific immune function, chemical, or indicator that can be 
used to indicate adequate zinc intake. 

Sensitive status indices are lacking for the micronutrients covered in 
the DRI Micronutrients Report, with the possible exceptions of vitamin 
A, iron, and iodine. For example, beyond the prevention of anemia and 
having adequate levels of transferrin saturation, there currently is no 
clear-cut point for measurement indicators of iron stores. It is notable 
that since the DRI Micronutrients Report was completed, Cook and col-
leagues (2003) have developed a measure of body iron stores by using an 
algorithm based on the ratio of serum transferrin receptor (TfR) and se-
rum ferritin. However, the measure does not provide a clear-cut point for 
adequacy. In intervention studies in developing countries, this algorithm 
using TfR and serum ferritin has been very sensitive. In contrast to using 
hemoglobin as an end point, this algorithm-based method of measuring 
body iron stores can be used in intervention studies to reduce the number 
of subjects and shorten the observation time. However, there is a strong 
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need for standardization of the measurement of TfR between different 
commercial assays.  

As Dr. Russell indicated, hepcidin is a very promising general indi-
cator of iron status—namely, as a regulator of iron absorption in the 
body (Nemeth and Ganz, 2006). However, most hepcidin data have been 
limited to genetic expression in animals, and the measurement of hep-
cidin peptide in serum poses challenges. Research is needed to develop 
the methodology and to apply hepcidin to the assessment of iron status in 
humans (Hadley et al., 2006). Dr. Hunt also agreed that status indices 
related to iron and cognition are needed, especially to address concerns 
about childhood iron deficiency and its impact on cognition and possibly 
mood and affect. 

Further research on zinc transport proteins (Liuzzi and Cousins, 
2004) may provide a more specific indicator of nutritional adequacy that 
could contribute to setting the EAR for zinc. This area of research re-
quires more animal as well as human studies to identify sensitive and 
specific indicators. 

The few functional indices available do not provide evidence that the 
use of mineral supplements will affect performance, as concluded in a 
recent review of mineral requirements for military personnel (IOM, 
2006b); but the identification of functional indices continues to be an 
area of research that would support the development of DRIs. 

 
 

Steps 3 and 4:  Criteria and Physiological Requirement 
 
The ability to set criteria for adequacy and excess is limited when the 

criteria cannot be based on function. This is the case, for example, when 
one must rely on factorial estimations of nutrient requirements. 

Basing an EAR or AI on factorial estimations of the requirement re-
lies largely on the use of data from balance studies and the replacement 
of estimated daily excretion. To the extent that such studies must serve as 
the basis of requirements, Dr. Hunt supports the report’s recommenda-
tions for research methods that call for balance studies that (1) are suffi-
ciently long to reach a new steady state, and (2) are designed so that the 
intakes bracket the requirements. When making factorial estimations, an 
additional consideration is the handling of nutrient loss through sweat. 
Specific situations of heat and humidity affect sweat losses of nutrients, 
but they are very difficult to measure accurately, and data are lacking 
regarding how adaptation affects such losses (IOM, 2006b). 
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Step 5: Dietary Bioavailability 
 

Accounting for the Bioavailability of Iron 
 
The bioavailability of iron merits special attention as related to the 

EAR and RDA. In particular, the EAR for iron was based on an esti-
mated 18 percent iron bioavailability from a typical North American die-
tary intake. However, a diet consistent with the recently released Dietary 
Guidelines for Americans 2005 (DHHS/USDA, 2005) may reduce the 
bioavailability of iron to approximately 11 percent, (Hunt, unpublished 
calculation). This estimate is based on the much higher fiber content rec-
ommended by Dietary Guidelines for Americans 2005 (which is consis-
tent with the AI for dietary fiber). An 11 percent bioavailability suggests 
that the dietary iron requirement would be 60 percent larger than if the 
bioavailability were 18 percent. Given that the same amount of iron con-
sumed can result in vastly different amounts of iron absorbed, perhaps 
iron recommendations need to incorporate bioavailability considerations 
and suggestions for improving iron bioavailability rather than be limited 
to the amount of iron to be consumed. 

 
 

Progress Made 
 
Since 2002, some progress has been made regarding the bioavailabil-

ity of both zinc and iron. The International Zinc Nutrition Consultative 
Group has developed an algorithm that predicts zinc bioavailability from 
the whole diet (International Zinc Nutrition Consultative Group, 2004). It 
is based on two factors:  the zinc content of the diet and the phytate con-
tent of the diet. Recognition has increased that the oral zinc dose or the 
amount of zinc in a meal affects zinc absorptive efficiency (International 
Zinc Nutrition Consultative Group, 2004). Work also has progressed on 
the bioavailability of different forms of zinc, including indication that 
zinc oxide is bioavailable and could be useful for fortification (Herman 
et al., 2002; de Romana et al., 2003). 

 
 

Step 6: Setting EARs, RDAs, and ULs for Specific Groups 
 

Problems posed by the need to extrapolate to set DRIs for children 
have, in several instances, resulted in setting a UL that is lower than 
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typical intakes of specific age groups. In particular, based on data from 
the Continuing Survey of Food Intakes by Individuals, substantial per-
centages of formula-fed infants and of children up to age 8 years have 
zinc intakes that exceed the UL. Similarly, high percentages of children 
have iodine intakes that exceed the UL. Reported intakes of vitamin A 
also commonly exceed the UL for children younger than the age of 4 
years.  

 
 

Step 7: Applying Dietary Reference Intakes in Planning 
and Assessing Diets 

 
Apparent discrepancies have been discovered when applying the new 

DRIs to the planning and assessment of diets. For example, discrepancies 
between intakes and the UL for manganese appear for subgroups of indi-
viduals. Typical diets of some groups, such as pregnant women and 
vegetarians, may not be adequate for iron. Because of lower dietary iron 
bioavailability, the benefit of iron supplementation of vegetarian diets is 
unclear. 

 
 

Steps 8 and 9: Identifying Knowledge Gaps and Discrepancies and 
Conducting Needed Research 

 
A number of knowledge gaps and discrepancies were identified 

above. In addition, knowledge of the usefulness of different supplemen-
tal forms of iron, including different elemental iron powders and chelated 
forms of iron, has increased (Hurrell et al., 2002; Swain et al., 2003; 
Hoppe et al., 2003; Zimmerman et al., 2005). In Vietnamese and Chinese 
studies, sodium iron ethylendiaminetetra-acetic acid (EDTA) has been 
shown to be very effective in addressing iron deficiency anemia (Chen et 
al., 2005; Van Thuy et al., 2005). 

For elements such as boron, there is potential that further research in-
formation, probably beginning with animal models, might lead to inclu-
sion as a nutrient. Boron is demonstrated to be essential for most of the 
plant world (Devirian and Volpe, 2003). 
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DISCUSSION 
 
Comments and questions following this presentation were of a gen-

eral nature and are summarized in Chapter 13, “Wrap-up Session.” 
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Dietary Reference Intakes for Energy, 
Carbohydrate, Fiber, Fat, Fatty Acids, 
Cholesterol, Protein, and Amino Acids1  

 
 
 
 
 

 

During this session, Joanne Lupton of Texas A&M University, for-
mer chair of the panel on macronutrients, discussed selected research 
recommendations covering the five types of nutrients in the Dietary Ref-
erence Intakes (DRI) Macronutrients Report (IOM, 2002/2005). Harold 
Kohl of the Centers for Disease Control and Prevention (CDC) addressed 
research recommendations pertaining to physical activity, and Joanne 
Slavin of the University of Minnesota, St. Paul, provided perspectives on 
research recommendations pertaining to fiber. 

 
 

DISCUSSION OF RESEARCH RECOMMENDATIONS 
 

Presenter: Joanne R. Lupton 
 

 
This presentation on the knowledge gaps and research gaps from the 

DRI Macronutrients Report (IOM, 2002/2005) covered specific research 
recommendations if they met one or more of the following criteria: 

 
• The research has a direct effect on either changing a current DRI 

value or the criteria upon which that value is established. This 
could include providing sufficient data to move from an Ade-
quate Intake (AI) to a Recommended Dietary Allowance (RDA), 
for example.  

                                                           
1This chapter is based on a transcript and slides from the workshop. 
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• The research results could be used in establishing a new DRI 
value. 

• The handling of the topic in the DRI Macronutrients Report gen-
erated much discussion within the professional community. 

• The research is related to DRI values that were difficult to meet 
as a part of eating plans that are consistent with the Dietary 
Guidelines for Americans 2005 (DHHS/USDA, 2005). 

 
Background information of the derivation of specific Estimated Av-

erage Requirements (EARs), RDAs, or AIs is provided to help clarify the 
continuing research needs. 

 
 

Carbohydrates  
 
 
Recommended Dietary Allowance 

 
With regard to carbohydrates, there is much controversy over the 

RDA of 130 grams of carbohydrate per day and over the recommenda-
tion that intake of added sugars be less than 25 percent of calories. In 
addition, a recommendation to revisit the difference between high-
glycemic and low-glycemic diets on diabetes and coronary heart disease 
needs attention. 

The RDA of 130 grams of carbohydrate per day is based on the 
amount of glucose needed by the brain in a day. That amount of carbo-
hydrate, however, is less than the amount that would be the lower limit 
of the Acceptable Macronutrient Distribution Range (AMDR). Thus, 
there is reason to consider basing the RDA for carbohydrate on the over-
all diet. Notably, the carbohydrate RDA was not used in developing the 
Dietary Guidelines for Americans 2005 (DHHS/USDA, 2004, 2005). In 
this example, the research question might be, What level of carbohydrate 
intake is commensurate with a healthy diet? 

 
 

Added Sugars 
 
The recommendation to limit added sugars to no more than 25 per-

cent of calories was derived from a review of all the studies that exam-
ined the intake of added sugars and its relationship to micronutrient 
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intake. The cutoff point at which decreased intake of micronutrients ap-
pears to become statistically significant is approximately 25 percent of 
calories coming from added sugars. 

Three longitudinal studies that show an increase in weight gain with 
added sugars from certain sources have been released since 2002 (Berkey 
et al., 2004; Mrdjenovic and Levitsky, 2003; Phillips et al., 2004). Other 
studies are in progress. These new data show that over time, in the same 
group of individuals, weight gain occurs if one consumes added sugars, 
especially if the sugars are obtained from soft drinks (sodas). Impor-
tantly, to develop food patterns that follow the 2005 Dietary Guidelines 
and meet nutrient needs and energy, most of one’s energy must be ob-
tained from the food groups, and very few calories are available to use in 
the form of added sugars.  

Discretionary calories was the name given by the Dietary Guidelines 
Advisory Committee (DHHS/USDA, 2004) for the difference between 
energy needs and the energy provided by servings from the food groups 
to meet nutrient needs. Added sugars fit into the discretionary calories 
category. Thus, Dr. Lupton suggested considering the new literature and 
the ongoing studies on added sugars and weight gain, and how many dis-
cretionary calories can be consumed without gaining weight. 
 
 
Glycemic Response 

 
The research on the glycemic response to the diet is advancing to the 

point where a panel might make specific recommendations. The need 
now is for clinical intervention trials that compare diets with high glyce-
mic index or load to diets with low glycemic index or load, using appro-
priate end points, including diabetes, hemoglobin A1c, blood glucose, 
and blood insulin. 

 
 

Fiber 
 
An AI was set for total fiber, which includes the fiber from foods 

(dietary fiber) and the fiber that is synthesized or extracted and added to 
foods (functional fiber). Decreased risk of coronary heart disease was the 
end point used. Although the recommendation was based on the totality 
of fiber and coronary heart disease (CHD) research, the specific numbers 
for the DRI value were generated from three prospective trials. Dr. Lup-
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ton stated that a randomized clinical trial, preferably with three levels of 
fiber intake and surrogate markers for CHD, would be necessary to move 
from an AI to an EAR for fiber. Alternatively, a panel might consider 
changing the clinical end point from decreased risk of CHD to improved 
bowel health or healthy laxation, for example. Many studies with rele-
vant data have been published, but agreement on the definition of healthy 
laxation or bowel health would be required.  

Considerable concern has been expressed that the AI of 14 grams of 
fiber per 1,000 calories is too high for children. Thus, a research need is 
to study the effect of fiber intake, specifically in children. 

A pertinent research question is whether a difference in overall 
health occurs if the fiber in a high-fiber diet is derived mainly from die-
tary fiber versus functional fiber. Would the end point be the same? To 
date, nearly all the research papers cover dietary fiber. 

Dr. Lupton indicated that each fiber source that is promoted or sug-
gested as a functional fiber needs to be tested for efficacy before it is 
added to the food supply. In addition, she raised a question about the po-
tential for adverse effects from consuming too high a fiber intake from 
foods to which functional fiber has been added and whether there is a 
need for a Tolerable Upper Intake Level (UL) for functional fiber. 

 
 

Fatty Acids, Fat, and Cholesterol 
 
The report includes AIs for linoleic acid and for alpha-linolenic acid, 

the two essential fatty acids. Because the research literature was scant, 
the AI values were based on median intakes in the United States. It 
probably is important to revisit DRIs for fatty acids, particularly for n-3 
fatty acids, to consider health promotion rather than deficiency symp-
toms. Also, considerable research published since 2002 concerning doco-
sahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) merits 
consideration with regard to setting DRI values for these two fatty acids. 

See the DRI Macronutrients Report (IOM, 2002/2005) for reasons 
why there is currently no UL for saturated fat, trans fat, or cholesterol. 
According to Dr. Lupton, this lack presents a conundrum that needs to be 
addressed. She proposed a research recommendation to determine the 
lowest levels of saturated fat, trans fat, and cholesterol that are consistent 
with a healthy diet and that may cause a low but acceptable amount of 
harm. 
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Amino Acids 
 
Because insufficient data were available on dose–response relation-

ships, no ULs were set for amino acids even though some of them are 
known to result in toxic effects at high doses. This research gap contin-
ues to merit attention. 

 
 

Energy and Physical Activity 
 
With regard to energy and physical activity, it is notable that the sin-

gle-most contentious issue in this report is the recommendation for one 
hour of moderate intensity physical activity per day to maintain normal 
body mass index. Three major research needs include the following:  

 
1. Expand the doubly labeled water database. 
2. Determine the effect of physical activity on overall health and 

wellness rather than solely on body weight and/or risk of disease.  
3. Decide on the place and significance of physical activity in the 

overall arsenal of efforts to promote public health. These efforts 
include the DRI process, the Dietary Guidelines for Americans, 
and food intake surveys. 

 
 

RESEARCH PRIORITIES: ENERGY AND PHYSICAL 
ACTIVITY FRESH PERSPECTIVES 

 
Presenter: Harold W. Kohl 

 
 

This presentation provided background information on physical ac-
tivity as related to Dietary Guidelines for Americans and then focused on 
a selection of the many specific research recommendations contained in 
the DRI Macronutrients Report. 

 
 

Physical Activity and Dietary Guidelines for Americans 
 
Physical activity was incorporated in the Dietary Guidelines for 

Americans in 1990 when the role of physical activity for energy balance 
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was first acknowledged. Over the ensuing years, physical activity gained 
increasing recognition in the guidelines. Most recently, in 2005, a spe-
cific recommendation was made that both adults and children should ac-
cumulate 60 minutes of daily moderate intensity physical activity in 
addition to the activities required to maintain a sedentary lifestyle to pre-
vent weight gain and to promote additional health benefits. 

 
 
Status of Research Recommendations Pertaining to Energy 

and Physical Activity 
 
The DRI Macronutrients Report (IOM, 2002/2005) contains 30 spe-

cific recommendations for energy (13 labeled as major knowledge gaps, 
13 as knowledge gaps, and 4 as research methods), and an additional 18 
specific recommendations for physical activity (only 4 of which are la-
beled as major knowledge gaps, 13 as knowledge gaps, and 1 as a re-
search method). 

 
 

Energy Expenditure and Weight Gain or Loss 
 
Dr. Kohl focused on a few of the research recommendations, with his 

selections influenced by recent research findings. In particular, he took 
the position that emerging data now suggest that recommendations for 
patterns of energy expenditure and physical activity differ for the preven-
tion of weight gain, for weight loss, and for the prevention of weight gain 
after a substantial weight loss. This information is relevant to children, 
adults, older adults, and pregnant and lactating women. 

Regarding the prevention of weight gain, a key question is, What 
physical activity and energy expenditure patterns will prevent weight 
gain and for whom, and how would this interact with dietary intake (in-
cluding diet composition)? Dr. Kohl considers research recommendation 
number 271-E2 (regarding energy requirements of overweight and obese 
individuals and their relationship to physical activity patterns) to be ex-
tremely critical in helping to answer this question. Some data suggest 
that the patterns for energy requirements for overweight and obese peo-
ple may be different than those for people who never gain weight or who 
maintain their weight over time. 
                                                           

2To find the exact wording of each research recommendation to which an identification 
code corresponds, see Appendix C. 
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An understanding is needed of some of the longitudinal aspects of 
physical activity in preventing weight gain. Dr. Kohl repeatedly empha-
sized investigation of the form, frequency, intensity, and duration of ex-
ercise and physical activity in relation to the successful management of 
body weight. 

With regard to weight loss strategies, why do existing data not sup-
port an additional benefit of physical activity (above dietary restriction)? 

 
 

Methods 
 
Some of the disparate results seen in studies of weight loss and of the 

prevention of weight gain or weight regain may be methodologically 
driven. Thus, there is a need for reliable, noninvasive, and clinically ap-
propriate measurements of body composition, cardiovascular function, 
and fitness. Much more thorough assessments are needed regarding the 
form, frequency, and intensity and duration of exercise, and on their in-
teractions as related to long-term risk for weight gain. Dr. Kohl considers 
it absolutely essential to expand the doubly labeled water studies of total 
energy expenditure, giving attention to the need for prospective data, 
adequate representation of age groups and ethnic groups, and a randomly 
selected set of study subjects. 
 
 
Exercise and Substrate Utilization 

 
Research on the effects of exercise on substrate utilization remains 

an important recommendation. Moderate intensity physical activity—
namely, less than about six metabolic equivalents—preferentially oxi-
dizes lipids and lipoproteins. Once the physical activity becomes vigor-
ous, carbohydrates oxidize. Information is needed, however, on the effect 
of having the same dose of physical activity in terms of kilocalories but 
under different conditions. For example, two groups could burn the same 
number of kilocalories if individuals in one group have moderate inten-
sity physical activity for a specific duration, and those in the other group 
are vigorously active for a shorter period. How would such an interaction 
help in understanding the process of weight loss? 
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Possible New Research Questions 
 
Possible new research questions include the following: 
 
• By what mechanisms does it appear that formerly obese persons 

may need 60 to 90 minutes of physical activity daily to maintain 
weight loss? Some of the strongest data from randomized trials 
show that people who have lost a substantial amount of weight 
(which might be 30, 40, or 50 pounds or some significant per-
centage of their body weight) have a different energy require-
ment than do people who have not lost weight or who have lost 
weight and then regained. 

• What behavioral, environmental, policy, and other factors help 
people adhere to a physical activity and exercise strategy to help 
maximize their potential for maintenance of weight loss? Some 
data indicate that the people who exercise more frequently and 
who adhere to their physical activity regimens are more likely to 
maintain their weight loss. In the physical activity literature, evi-
dence-based strategies have been identified that promote physi-
cal activity, both on the individual and on the environmental 
level. Thus, Dr. Kohl recommended that more attention be given 
to understanding factors influencing these behaviors. 

• To what extent do differences in body composition and fat-free 
mass need to be considered in studies—rather than just consid-
ering differences in body mass index? 

 
Figure 7-1 illustrates several different conceptual relationships be-

tween physical activity and risk of selected diseases. Notably, consistent 
inverse associations exist between physical activity and the disease out-
comes presented. Moreover, higher amounts of physical activity are as-
sociated with a continuing lower risk of disease outcome, but at an 
increasingly diminishing level. The major exception may be muscu-
loskeletal injury. All these relationships together suggest that there are 
different kinds of associations of physical activity that go beyond weight, 
body fat, and obesity. In fact, it may be advisable to consider developing 
a process for physical activity recommendations that would parallel the 
process for the Dietary Guidelines, with updating of the recommenda-
tions perhaps every 5 years. 
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FIGURE 7-1 Risk curves with increasing physical activity, by disease or 
condition. 
NOTE: CHD = coronary heart disease. 
 

 
FIBER RESEARCH UPDATE 

 
Presenter: Joanne L. Slavin 

 
 
This presentation began with a very brief history of the evolution of 

dietary fiber, as illustrated by Figure 7-2, and the periodic “rediscovery” 
of fiber—culminating with the issuance of fiber definitions and AIs for 
fiber by the Institute of Medicine (IOM, 2002/2005). Additional topics 
included considerations for setting DRI values for fiber, research pro-
gress, and research questions that merit more attention. 
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FIGURE 7-2 Highlights of the evolution of attention to dietary fiber, 400 
BC–AD 2002. 
 
 

Considerations for Setting DRI Values for Fiber 
 
Unlike the case for most other nutrients, the recommended intake of 

fiber was based on protection against disease, not another functional end 
point. Dr. Slavin agreed with Dr. Lupton that applying the adult AI for 
fiber (14 g/1,000 kcal) to set the AI for children leads to a higher AI than 
needed. The AIs for children are much higher than earlier recommenda-
tions (e.g., the recommended number of grams of fiber per day equals 
five plus the child’s age); such recommendations were made by other 
expert groups and were based mainly on intakes. Applying the same ratio 
(14 g of fiber/1,000 kcal) to elderly adults results in a lower absolute AI 
than for younger adults. This appears inconsistent considering older per-
sons’ concerns about getting enough fiber. The AIs for children and the 
elderly are based on a calorie conversion factor, not on empirical data. In 
fact, since fiber was just designated as a nutrient, less relevant human 
research has been conducted than is the case for some of the other nutri-
ents. In contrast, much useful research related to pet animals and pigs 
may be available. 

Because fiber is nondigestible, it seems obvious that information 
about fecal material could be used as an indicator in setting DRIs for fi-
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ber, and the DRI macronutrients panel investigated that possibility. 
However, inconsistencies arise when relating fiber intake to either stool 
output or to a marker in the stool. In part, this is due to the many factors 
in addition to fiber intake that affect laxation including 

 
• stress, 
• exercise (Oettle, 1991), 
• smoking, 
• coffee drinking, 
• drugs (Lembo and Camilleri, 2003), 
• personality (Tucker et al., 1981), and 
• type of fiber (per gram of fiber fed, wheat produces a greater 

weight of stool than do oats, and oats produce a greater weight of 
stool than does pectin [Cummings, 1993]; most types of fiber 
have not been studied). 

 
The definition of normal laxation—from three or more stools per 

week to three or fewer stools per day—covers a wide range. Moreover, 
definitions related to laxation have some inconsistencies. For example, 
stool weight greater than 200 g/day has been clinically defined as diar-
rhea (Fine and Schiller, 1999), but many vegetarians have stool weights 
of 300 g/day or more.  

Research on laxation presents some obvious problems. Collecting fe-
cal samples is not practical in epidemiological studies. Moreover, there is 
no accepted standard with regard to stool weight, stool chemistry, micro-
flora (preferred methods and desirability of different organisms), stool 
frequency (promising because it is easy data to collect), or quality of life 
(a measure used in irritable bowel syndrome trials). 

 
 

Research Progress 
 
The DRI Macronutrients Report contains 12 research recommenda-

tions pertaining to fiber—all of which Dr. Slavin rated as highly impor-
tant, and most of which involved some collection of fecal samples. 
Because essentially no investigators are collecting fecal samples, little 
progress has occurred. 

Research progress has been made, however, with regard to the rela-
tionship of dietary fiber and C-reactive protein (CRP) concentrations. 
Ajani et al. (2004), using data from the 1999–2000 National Health and 
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Nutrition Examination Survey, reported that dietary fiber intake is in-
versely associated with serum CRP. The odds ratio for increased CRP 
was 0.49 for the highest quintile of fiber intake compared with the low-
est. In addition, Ma and colleagues (2006) conducted a longitudinal study 
of 529 subjects and reported that dietary fiber intake is protective against 
high CRP.  

Despite the strong and consistent evidence that higher levels of fiber 
intake are protective against CHD, it remains unclear why the data are so 
strong. It may be in part because of serum cholesterol lowering, but also 
perhaps because of lower CRP. 

 
 

Research Questions That Merit More Attention 
 
Some big questions regarding dietary fiber and functional fiber merit 

more attention. What measurements should be recommended for investi-
gating effects of feeding functional fibers? Are the most important pa-
rameters effects on blood cholesterol, CRP, microflora, stool weight, or 
other? What studies would provide a sound basis for setting fiber rec-
ommendations for children, adolescents, and older people? Dr. Slavin 
considers it important to revise the AI for children and adolescents. 

Most of the 12 research recommendations call for basic information, 
such as feeding dose amounts of fibers and measuring stool weight. Dr. 
Slavin pointed out that accomplishing these studies will take dedicated 
research funding because such research would not be funded in the com-
petitive research arena. If food or fiber companies want to know that the 
fiber has a specific health effect, they might be interested in conducting 
research that provides information that a regulatory agency will request 
in the future.  

 
 

DISCUSSION 
 
Questions and comments during the discussion period focused 

mainly on (1) the relationship of discretionary calories to the RDA and to 
energy expenditure, and (2) carbohydrate recommendations.  
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Discretionary Calories 
 

Discussants disagreed about the value of the concept of discretionary 
calories and noted that the concept is difficult to communicate effec-
tively. Dr. Murphy clarified that the RDA is about 120 percent of the 
EAR, not the much higher amounts stated during the discussion. Several 
discussants pointed out that physical activity is the factor that has the 
biggest impact on discretionary calories. Dr. Kohl mentioned Jean 
Meyer’s studies in the 1950s that suggested a physical activity threshold 
below which energy regulation may be impaired, and Dr. Dwyer encour-
aged replication of those studies. 

 
 

Carbohydrate Recommendations 
 
Dr. Bier noted the essentiality of glucose for the brain and suggested 

that the problem is not the carbohydrate RDA but a communication is-
sue. Dr. Lupton agreed that carbohydrate recommendations led to mis-
understandings, especially with regard to the recommendation not to 
exceed an added sugars intake of 25 percent of energy intake. 
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Dietary Reference Intakes for Water, 
Potassium, Sodium, Chloride, and Sulfate1  
 

 

 

 

 

 

RESEARCH RECOMMENDATIONS AND OTHER ISSUES 
 

Presenter: Lawrence J. Appel 
 
 
In this session, Lawrence J. Appel of Johns Hopkins University, who 

chaired the panel on Dietary Reference Intakes (DRIs) for electrolytes 
and water, presented a brief overview of the DRIs for sodium, potassium, 
water, and sulfate; covered research recommendations specific to those 
nutrients; and addressed some related issues concerning the DRI taxon-
omy, evidence-based medicine and nutrition policy, and general re-
search. The DRI Electrolytes and Water Report (IOM, 2005) is the most 
recently published DRI report. 

 
 

Overview 
 
The DRI Electrolytes and Water Report provides no Estimated Aver-

age Requirements (EARs) or Recommended Dietary Allowances 
(RDAs). Instead, it gives Adequate Intakes (AIs) for water, sodium, and 
potassium, but no AI value for sulfate. A Tolerable Upper Intake Level 
(UL) was set for sodium but for none of the other nutrients. This back-
ground information is provided to help highlight major knowledge gaps. 

 
 

                                                           
1This chapter is based on a transcript and slides from the workshop. 
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Rationales for Adequate Intakes 
 
The rationales for the AIs vary by nutrient and are summarized in 

Box 8-1.  
 

Water For water, the focus primarily was on dehydration as an end 
point, and serum or plasma osmolality was the indicator used. Examining 
data on water intake and osmolality from the Third National Health and 
Nutrition Examination Survey, no evidence of dehydration was found in 
the general population, even at the first decile of water intake. Serum 
osmolality basically was identical across the reported intakes. Thus the 
median water intake was used to set the AI, which is consistent with the 
definition of AI. 
 
Sodium For sodium, “nutrient adequacy” refers to the sodium intake 
level at which one could consume a diet that basically meets all the rec-
ommended dietary intakes for other nutrients. Of several hypothesized 
adverse effects of inadequate sodium intake, only nutrient inadequacy 
and volume depletion in the setting of acute thermal stress were consid-
ered to be sufficiently well documented to use in setting the AI. 
 
Potassium A controlled feeding study (Morris et al., 1999) was one of 
several pieces of data that contributed to the basis for the AI of 1,500 mg 
(120 millimoles) of potassium per day. The investigators fed different 
 

 
 

BOX 8-1 
Rationale for Adequate Intake, by Nutrient 

 
Nutrient  Rationale 
 
Water •  Median observed in NHANES III for age group 
Sodium •  Nutrient adequacy 
 • Buffer in the setting of excess sodium loss during  

  acute sweat losses 
Potassium •  Lower blood pressure 
 • Reduce salt sensitivity 
 • Reduce risk of kidney stones 
 •  Decrease bone loss 
 
NHANES III = Third National Health and Nutrition Examination Survey 
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amounts of potassium and then challenged the subjects with salt to see 
what percentage of individuals experienced a blood pressure increase 
that was greater than 3 mm Hg. Morris and colleagues reported a steady 
reduction in salt sensitivity with increasing intakes of potassium. A ques-
tion that remains is whether it is potassium or some concomitant nutrient 
(specifically one or more anions) that might be contributing to the pro-
tective effect. 
 
 
Rationale for Tolerable Upper Intake Level for Sodium 

 
In terms of the adverse effects of excess sodium intake, several po-

tential outcomes were considered, but increased blood pressure was the 
adverse effect used as the basis for setting the UL.  

 
 

Current Status of Research Recommendations 
 
Because the report was released in 2004, one cannot expect a large 

amount of progress in filling research gaps. For the nutrients covered in 
the DRI Electrolytes and Water Report, data were lacking that would be 
useful in setting EARs or AIs for infants, children, pregnant women, and 
the elderly—as was the case for most other nutrients. A summary of the 
current status of research recommendations on sodium and potassium, 
water, and sulfate follows. 
 
 
Sodium and Potassium 

 
• With regard to the development of effective public health strate-

gies to achieve and sustain reduced sodium intake and to in-
crease potassium intakes in the general population, activities are 
underway at the National Heart, Lung, and Blood Institute of the 
National Institutes of Health, in the New York City Health De-
partment, and in Great Britain. 

• Progress regarding the recommendation to develop alternative 
processing technologies to reduce sodium content of foods is un-
certain because much of the relevant information is proprietary.  

• An investigator-initiated proposal has been developed for a 
large-scale trial to test the efficacy of increased potassium intake, 
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alone and in combination with reduced sodium intake, on pre-
vention of stroke; however, funding for such work is difficult to 
obtain. 

• A few pilot studies are under way to test the main and interactive 
effects of sodium and potassium intake on bone mineral density 
and, if possible, bone fractures. 

• Only one trial of potassium intake on kidney stones has been 
conducted, and that study addresses recurrent stones rather than 
the risk of kidney stones.  

• A creative method is being used to assess—without a major new 
effort—the impact of sodium reduction on clinical cardiovascu-
lar events. (The research recommendation called for a formal as-
sessment of the feasibility of a large-scale, long-term clinical 
trial designed for this purpose.) In particular, a publication is in 
process that has followed long-term (10 to 15 years) participants 
who were enrolled in two trials of hypertension prevention. To-
gether, these two trials have documented about a 20 percent re-
duction in the risk of cardiovascular events.  

 
One interesting line of research relates to the recommendation to 

conduct randomized trials to compare the effects of different potassium 
salts on blood pressure and other outcomes at different levels of sodium 
intake. The effects of anions had been specified as of low priority for the 
panel. Research by He (2005) indicates that potassium citrate and potas-
sium chloride had similar effects on blood pressure. For bone, in con-
trast, the anion may have considerable effect. 

Dr. Appel views the recommendation to conduct trials that assess the 
effects of high potassium intake on serum potassium levels and blood 
pressure in the setting of early stages of kidney disease to be very impor-
tant from a public health perspective. Although potassium is beneficial in 
the majority of the population (those with normal kidney function), po-
tassium starts to be harmful as soon as some evidence of kidney dysfunc-
tion develops. Given that several million people in the United States 
alone have chronic kidney disease, it appears very important to deter-
mine the point at which a change from benefit to harm occurs. The prob-
lem is further exacerbated because angiotensin-converting enzyme 
inhibitors (medications that commonly are used in the setting of renal 
disease) tend to increase serum potassium concentration. Such research, 
however, would involve some substantive methodological challenges. 
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Water 
 
Dr. Appel considers a major research recommendation to be investi-

gating the effect of hydration status and fluid intake on chronic disease 
such as kidney stones and gallstones, as well as on the occurrence of spe-
cific cancers, including colon cancer and bladder cancer. From his per-
spective, a case can be made for conducting observational studies rather 
than trials to address this research recommendation. 

Dr. Appel took the position that the recommendation to use large-
scale surveys to validate estimates of total water intake (from food plus 
fluids) should be expanded to include the electrolytes and other nutrients. 
A comparison of potassium intakes that were reported in the Health Pro-
fessionals Follow-up Study, the Nurses Health Study, and national sur-
vey data (IOM, 2005) reveals large differences. In view of this and of 
large absolute values reported at the upper quintiles of potassium intake, 
Dr. Appel suggests that the results of food frequency questionnaires be 
investigated for systematic bias. 

 
 

Sulfate 
 
No progress was reported related to the two research recommenda-

tions for sulfate, both of which call for studies of relationships between 
sulfate intake and specific disease conditions. 

 
 

DRI Taxonomy and Process 
 
The following comments relate to improving the DRI process.  

 
 
Consideration of Chronic Disease 

 
Dr. Appel concurred with Dr. Lupton that the process of applying the 

DRI model to chronic diseases needs further consideration. A related 
concern involves the definition of a healthy population, especially given 
the high probability of subsequently developing chronic disease. It could 
be that only 10 percent of people are healthy from the standpoint that 
they will never develop a problem with hypertension. In Dr. Appel’s 
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view, however, the public health problem is that 90 percent of people 
develop hypertension, and nutritional factors are related to its incidence. 
 
 
Approaches to Setting Recommendations 
 
Evidence-based medicine The most highly valued types of studies in 
evidence-based medicine—namely nutrition intervention trials with sev-
eral doses and well-defined clinical outcomes—are rare for any nutrient. 
There are major impediments to conducting such studies.  
 
Surrogate outcomes It often was necessary for DRI panels to use sur-
rogate outcomes for setting nutrient recommendations. However, the cri-
teria and process for selecting surrogate outcomes are ill defined and, in 
some cases, may have led to results that merit reconsideration. 
 
Adequate Intake As illustrated for water, sodium, and potassium, dif-
ferent approaches were used to set the AI for each nutrient. It may be 
helpful to catalog the approaches used for setting the AI for different nu-
trients and consider revision to the definition.  
 
Tolerable Upper Intake Level There is a need to consider ways to 
apply the DRI model for nutrients for which there is a direct progressive 
relationship between intake and the occurrence and/or severity of the 
adverse effect but for which there is no threshold. As illustrated by Fig-
ures 8-1 and 8-2, a threshold is not evident for either saturated fat or so-
dium intake. 
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FIGURE 8-1 Calculated changes in serum low density lipoprotein choles-
terol (LDL-C) concentration in response to percent change in dietary fatty 
acids. 
SOURCE: IOM (2005). 
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FIGURE 8-2 Increases in blood pressure observed in sodium dose–
response trials. 
NOTE: SBP = systolic blood pressure; DBP = diastolic blood pressure. 
SOURCE: IOM (2005), with data from Luft et al. (1979). 
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Adjusting Nutrient Recommendations  
 
Criteria are needed for determining whether adjustments need to be 

made in nutrient recommendations and for the kind of adjustment to 
make if one is needed. For example, should the specific type of DRI be 
based on calorie intake, weight, age, and/or sex? A major determinant of 
sodium intake is the number of calories consumed. A 4,000 kcal diet is 
likely to provide about twice as much sodium as a 2,000 kcal diet, but, as 
set, the AI does not take this into consideration. 

 
 

Prioritizing Recommendations 
 
A deliberate process is needed for writing and refining the research 

recommendations and then identifying the ones that are most likely to 
advance the field. 

 
 

DISCUSSION 
 
 

Tolerable Upper Intake Level for Potassium 
 
In response to a request for a reason why a UL was not set for potas-

sium, Dr. Appel clarified that no evidence of toxicity could be found for 
healthy people despite extensive searches, and that it would have been 
beyond the panel’s charge to set a UL for the large number of people 
with chronic renal disease. 

 
 

Ongoing Research 
 
Dr. Dwyer asked whether the Chronic Renal Insufficiency Cohort 

(CRIC) Study might be a source of answers to some of the research ques-
tions raised. Dr. Appel noted that CRIC is an observational study, but 
that the need really is for some experimental evidence. 
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Dietary Reference Intakes for Infants 
and Children1 

 
 
 
 
 
 
 
 

This session focused on major research needs related to the setting of 
Dietary Reference Intakes (DRIs) for infants and children. Lindsay H. 
Allen of the Western Human Nutrition Research Center at the University 
of California, Davis, who served on the Standing Committee on the Sci-
entific Evaluation of Dietary Reference Intakes and is a former Food and 
Nutrition Board member, addressed major issues related to setting DRIs 
for infants and children. Nancy F. Krebs,2 of the University of Colorado 
Health Sciences Center, a current Food and Nutrition Board member, 
focused on the use of zinc stable isotopes to inform the DRI process for 
these age groups. 

 
 

SETTING DIETARY REFERENCE INTAKES 
FOR CHILDREN 

 
Presenter: Lindsay H. Allen 

 
 
This presentation covered three main topics: (1) a summary of the 

derivation of the DRIs for infants and children and of related problems 
that may be solvable, (2) issues that have been identified from the appli-
cation of DRIs for children in various settings and their implications, and 
(3) the major knowledge gaps that were identified in the series of reports 

                                                           
1This chapter is based on a transcript and slides from the workshop. 
2Dr. Krebs acknowledged contributions from K. Michael Hambidge, Leland V. Miller, 

Jamie Westcott, Lei Sian, and Xiaoyang Sheng. 
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and comments on whether those gaps can be filled. Information on the 
derivation of the DRIs was included to help clarify research gaps. 

 
 

Derivation of DRIs for Infants 
 
No Estimated Average Requirements (EARs) were set for infants be-

cause of lack of appropriate data. Adequate Intakes (AIs) were set in-
stead. Thus, methods are lacking to estimate the prevalence of inadequate 
intakes or to plan complementary feeding for infants. This poses a large 
problem in developing countries where there may be a need for fortified 
foods.  
 
 
Young Infants 

 
The AI for all the nutrients for infants in the first six months of age 

was obtained by multiplying the average daily volume of breast milk  
(780 mL) times the concentration of the nutrient in breast milk. One seri-
ous problem is the accuracy of the data on human milk composition. The 
reported nutrient values for human milk vary widely among and within 
different studies. Reasons include small numbers of subjects, changes in 
composition over the course of feeding and over the course of lactation, 
improper sampling, effects of supplement use and food fortification on 
milk composition, and analytical problems. All these problems could be 
overcome.  

A few examples illustrate the nature and extent of the limitations of 
data on human milk composition. For iron, the average concentration is 
said to be 0.35 mg/L, but the literature provides values ranging from 0.20 
to 0.88 mg/L. The 0.35-mg value is approximately in the middle of that 
range. One new study from Sweden (Domellof et al., 2004), which has a 
large sample size relative to other studies, reports a value of 0.29 mg of 
iron per liter of breast milk, which, in practice, is considerably lower 
than the 0.35-mg value in current use. For vitamin A, an average of 485 
µg/L is the value chosen, but the values considered ranged from 314 
µg/L to 640 µg/L. The situation is similar for vitamin B12, for which a 
value of 0.42 µg/L was chosen. The lowest reported value, 0.31 µg/L, 
was from vegans; the highest value, 0.91 µg/L, was from Brazilian 
women who received prenatal supplements. Folate analysis also has been 
very controversial. Dr. Allen emphasized that erroneous estimates of 
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breast milk composition have a huge influence on the AIs during the first 
year after birth, and that this is a straightforward problem that could be 
remedied. 

 
 

Older Infants  
 
Several methods were used to derive the AI for infants in the second 

six months of age. When appropriate data were available, the AI was 
obtained by adding the estimated mean intake of the nutrient from solid 
food to the amount of that nutrient provided by 600 mL of breast milk. 
Dietary data on nutrients from solid foods were unavailable for many of 
the nutrients. Thus, in many cases, the AI was obtained by extrapolating 
up from the younger infants and/or down from older age groups (see 
“Extrapolation and Interpolation” section). The factorial method was 
used to set the AI for three nutrients, and a few other approaches were 
used as well. For example, serum 25-hydroxyvitamin D, or 25-(OH)D, 
concentration was used to set the AI for vitamin D, and that AI has since 
been questioned. In many cases, the values obtained using two or more 
methods were compared to examine face validity. 

 
 

Derivation of DRIs for Children 
 
 
Overview of Methods Used 

 
Many different methods were used to set EARs, Recommended Die-

tary Allowances (RDAs), and AIs for children as follows: 
 
• Energy (from birth; total energy expenditure plus growth) 
• Protein (nitrogen balance, protein deposition) 
• Linoleic, linolenic acids (breast milk plus median intake from the 

Continuing Survey of Food Intake by Individuals [CSFII]) 
• Vitamin D (from birth; serum 25-(OH)D) 
• Calcium (factorial, balance) 
• Phosphorus (factorial) 
• Iron (factorial, assumes 10% bioavailability) 
• Zinc (factorial) 
• Fluoride (caries prevention) 
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• All others (extrapolation and/or interpolation) 
 
If the value being extrapolated was an AI, the child value also must 

be an AI, with all its limitations. Some of these methods may not have 
produced reasonable values (for example, see presentation on zinc by Dr. 
Nancy Krebs).  

 
 

Extrapolation and Interpolation 
 
Questions have been raised about the approaches used for extrapolat-

ing DRI values from one age group to another. Examination of this issue 
calls for a description of the methods used.  

 
• Extrapolation up from the AI for infants ages 0 to 6 months to 

obtain an AI for infants ages 7 to 12 months was usually based 
on body weight, using body weight to the 0.75 power to correct 
for surface area changes, which are large during that period of 
life.  

• Extrapolation down from the adult EAR to the child EAR used 
the equation:  

 
  EARchild = EARadult x F 
  Where F = the following factor:  
  (weightchild/weightadult)0.75 (1 + growth factor) 
 
In this case the references weights were obtained from the Third Na-

tional Health and Nutrition Examination Survey (NHANES III). Growth 
factors were based on the approximate proportional increase in protein 
requirements for growth (FAO/WHO/UNU, 1985). The growth factor 
value was 0.3 for children younger than 3 years of age and 0.15 for older 
children. These growth factor values were used for all the extrapolations, 
but they may not be appropriate for all nutrients because there is uneven-
ness in the timing of the deposition of some nutrients. Some, such as pro-
tein and calcium, are deposited in large amounts during growth. Others, 
such as B vitamins, are not.  

Before this workshop, Dr. Stephanie Atkinson of McMaster Univer-
sity in Ontario, Canada, provided Dr. Allen with comments on interpola-
tion and extrapolation and how this has been done in other countries 
from 13 reports and 1 review.  Her comments were based on the paper 
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Determining Life Stage Groups and Extrapolating Nutrient Intake Values 
prepared by Drs. Anderson and Koletzko for an international meeting on 
dietary recommended intakes. The report from that meeting will be 
available in 2007 in the United Nations University’s Food and Nutrition 
Bulletin. Table 9-1 summarizes the approaches to extrapolation. Four 
major conclusions from the review are listed below:  

 
1. Use the new World Health Organization growth standards for 

weight, length-for-height, and body mass index (BMI) for ages 0 
to 5 years. (The Institute of Medicine [IOM] used height and 
BMI data from NHANES III and later from the Centers for Dis-
ease Control and Prevention [CDC] for interpolation and ex-
trapolation.)  

2. Base the extrapolation on body weight for nutrients that are not 
associated with metabolic rate. 

3. Use body weight0.75 for nutrients related to metabolic rate. 
4. Base cutoff points for age categories on biology. 

 
 

Derivation of Tolerable Upper Intake Levels 
 
Vitamins A, D, and K, fluoride, selenium, zinc, and iron were the 

only nutrients for which reliable data were available on which to derive 
the Tolerable Upper Intake Levels (ULs). Most of the ULs for children 
were obtained by extrapolating the adult UL value down, based on body 
 

 
TABLE 9-1 Extrapolations: Different Approaches 

 Actual 
Weight 

Reference 
Weight 

Metabolic 
Weight 

Energy Interpolated 

Canada/United 
States 

X  X X  

Caribbean X     
Germany/Austria/ 
Switzerland 

?     

European Union X   X X 
Finland  X    
France None?     
Mexico X     
United Kingdom X?     
SOURCE: Atkinson and Koletzko, Determining Life Stage Groups and Extrapolating 
Nutrient Intake Values.  Food and Nutrition Bulletin (in press).  
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weight. Dr. Allen stated that the ULs for children probably are relevant 
only to nutrients obtained from supplements. For infants and children, 
the UL is very close to the AI—particularly for vitamin A and zinc. 
 
 

Problems Identified Upon Applying Selected Dietary 
Reference Intakes 

 
 

Inconsistencies 
 
Table 9-2 identifies nutrients for which the recommended intakes for 

7- to 12-month-old infants are higher than those for 1- to 4-year-old chil-
dren. These AIs were set by adding intake of the nutrient from comple-
mentary foods to the amount of the nutrient provided by 600 mL of 
breast milk. The reason for the inconsistency relates to the high content 
of specific nutrients in the complementary foods that were eaten by the 
7- to 12-month-old U.S. infants. This inconsistency poses problems when 
trying to develop complementary food recommendations for developing 
countries. 

Another inconsistency is a very large increase in recommended in-
take of some nutrients going from 7 to 12 months up to 1 to 3 years (Ta-
ble 9-3). The basis for these large increases is unclear. In practice, the 
application of these recommended intake values is very difficult. Usu-
ally, the period of 6 months to 4 years is viewed as a continuum in infant 
feeding, not a time of sharp changes in nutrient needs. 

 
 

TABLE 9-2 Inconsistency: Recommended Intakes for 7- to 12-Month-
Old Infants Are Higher Than Those for 1- Through 3-Year-Old Children 

 Recommended Intake, by Age Group 
Nutrient    7–12 months 1–3 years 
Vitamin A (µg RAE) 500 300 
Vitamin C (mg)  50  15 
Iodine (µg) 130 90 
Iron (mg)  11  7 
NOTE: RAE = retinol activity equivalent. 
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TABLE 9-3 Inconsistency: Large Increases in Recommended Intakes 
Occur at Age 12 Months 

 Recommended Intake, by Age Group 
Nutrient 7–12 months 1–3 years 
Folate (µg) 80 150 
Calcium (mg) 270 500 
Phosphorus (mg) 275 460 
Vitamin K (µg)       2.5   30 

 
 
High Recommended Fiber Intakes 

 
Following up on earlier comments about the AIs for fiber, Dr. Allen 

concurred that they probably are too high for children. Table 9-4 shows 
how the intake range for dietary fiber compares with the AI, by age 
group. Notably, the upper end of each range of reported intake is far be-
low the AI. Dr. Allen asked, “Is it even possible to achieve the [fiber] AI 
in U.S. [and Canadian] children?” 

 
 

Questionable Estimates of the Prevalence of Inadequacy 
 
Despite the application of correct methods of analysis, some nutri-

ents may be incorrectly identified as inadequate in the diets of children. 
Dr. Allen pointed out that there appears to be an inconsistency: 58 per-
cent of the children ages 1 to 2 years in the CSFII had intakes less than 
the EAR for vitamin E, but fewer than 1 percent of them had inadequate 
intakes of any other nutrient (Devaney et al., 2004). 

Similarly, nearly 80 percent of school children in the CSFII had in-
takes of vitamin E less than the EAR, 36 percent had intakes of magne-
sium less than the EAR, and 20 percent had intakes of phosphorus less 
than the EAR (Suitor and Gleason, 2002). 

Although it has been suggested that the finding of a high prevalence 
of inadequacy of vitamin E might be a result of underestimation of vita-
min E intakes (see Chapter 5 covering the DRIs for antioxidant nutri-
ents), more information is needed on this topic. Do the findings for the 
U.S. school children suggest that the EARs for vitamin E, magnesium, 
and phosphorus are too high? Are inadequate intakes of vitamin E, phos-
phorus, and magnesium really the most common inadequacies in U.S. 
school children based on biological data?  
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TABLE 9-4 A Comparison of Dietary Fiber Intake with the Respective 
AI, by Age Group 

Age (years) AI (g/d) Intake range (g/d) 
1–3 19 5–12 a 
4–8 25 6–18 

9–13 26–31c 9–11b 

aFor 1- to 2-year-old children. 
bFor 10- to 12-year-old children. 
cValue depends on individual’s energy intake. 
 
 

Very High Prevalences of Intakes Greater Than the UL 
 
Analysis of CSFII intake data for certain nutrients has revealed a 

very high prevalence of intakes greater than the UL. For example, 90 
percent of formula-fed infants ages 0 through 11 months exceed the UL 
for zinc, and 39 percent exceed the UL for vitamin A. High percentages 
of children ages 1 to 4 years exceeded the UL for zinc, vitamin A, and 
sodium, but less than 1 percent exceeded the UL for other nutrients. Do 
these findings represent a problem with intakes, the ULs, or both? 

 
 

Knowledge Gaps Identified 
 
In the full set of DRI reports, 43 knowledge gaps were identified that 

pertained to infants, children, and/or adolescents. Of these, 11 essentially 
said that studies are needed to set child and adolescent EARs for a range 
of vitamins using graded levels of intake and clearly defined cutoff 
points (i.e., biomarkers) for adequacy and inadequacy and that these 
studies should be conducted over a sufficient duration. With few excep-
tions, such studies have not been done at all. Thus, the question is, Is it 
feasible to address this research need relating to children? 

 
 

Possible Approaches to Fill Knowledge Gaps 
 
Vitamin Requirements 

 
Some suggested approaches for improving knowledge of vitamin re-

quirements include the following: 
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• Test responses to interventions in populations with a high preva-
lence of deficiency. Many studies have been conducted, and 
more are underway. 

• Possibly feed the nutrient in doses slightly below and above the 
EAR long enough to see changes in biomarkers. This approach 
would be expensive, time-consuming, and difficult. 

• Conduct studies with stable isotopes (e.g., deuterated retinol, 
deuterated vitamin D) or nanotracers (14C-folate and 14C-
tocopherol, 14C-vitamin B12) by accelerator mass spectrometry. 

• Stable isotope studies could be used for several purposes, includ-
ing the following: 
− To estimate the percent absorption from breast milk and food 
− To conduct kinetic modeling (this requires a time series; for 

example, Haskell et al. [2004] used a population-based 
plasma kinetics approach to look at vitamin A stores and re-
quirements in Peruvian children) 

− To estimate the intake that maintains pool size (see, for ex-
ample, information on the paired deuterated-retinol-dilution 
technique [Haskell, et al., 2004]) 

 
 

Mineral Requirements 
 
Studies with stable isotope tracers could improve knowledge of min-

eral requirements, for example: 
 
• Measure bioavailability.  

− Absorption of 58Fe from breast milk equals 16 percent in 
Swedish infants (Domellof et al., 2002).  

− Measure the effects of foods on breast milk iron absorption 
(Abrams et al., 2005) based on erythrocyte incorporation.  

• Measure absorption, excretion, pool size, and turnover to deter-
mine requirements, as with zinc (Krebs et al., 2006). 

 
Feasible ways to determine the intakes of calcium, phosphorus, mag-

nesium, and vitamin D needed to maximize bone mineral accretion 
among 1- to 18-year-old children include the following: 

 
• Studies of calcium, phosphorus, and magnesium balance and re-

tention at varying levels of intake. Based on the adult experience, 
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however, this work is expected to lead to questions about 
whether maximal retention is the appropriate approach to use 
with calcium, for example. 

• Studies using stable isotopes of calcium and magnesium to 
measure absorption, pools, excretion, and so on. Abrams and 
colleagues (2005) reported on dual calcium isotope tracer and 
timed urine collection—a very rapid way to look at calcium ab-
sorption. 

• More data are needed on relationships of vitamin D intake and 
serum 25-(OH)D with parathyroid hormone, bone turnover 
markers, immune function,  and bone mineral density. 

 
Although Dr. Allen indicated that the relationship between absorbed 

phosphorus and serum phosphorus probably could be determined, she 
questioned whether it is an important knowledge gap.  
 
 
Macronutrients 

 
Dr. Allen considers it feasible, timely, and important to address ma-

jor knowledge gaps identified in the DRI Macronutrients Report (IOM 
2002/2005) regarding activity factors for the management of body 
weight in children, total energy expenditure in children, measurement of 
the Physical Activity Level (PAL) in children, and diet composition pat-
terns related to weight loss and accretion of lean tissue. 

 
 

Electrolytes and Water 
 
With regard to research recommendations in the DRI Electrolytes 

and Water Report (IOM, 2005), Dr. Allen considers it difficult to estab-
lish linkages of electrolyte needs and relationships of sodium and potas-
sium in infancy with blood pressure and bone health later in life. Water 
turnover could be measured from the disappearance of deuterium from 
labeled water over time. 
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A Summary of Research Needs Related to Dietary 
Reference Intakes for Infants and Children 

 
In conclusion, Dr. Allen identified the following research that needs 

to be conducted related to DRIs for children: 
 
• More analysis of breast milk, collected appropriately 
• If extrapolating, use new World Heath Organization standards 
• More nutrient intake data (especially from complementary 

foods) related to biomarkers that are validated in children 
• Studies with stable isotopes and nanotracers to determine vita-

min and mineral bioavailability, kinetic studies, and possibly 
change in pool size on different vitamin intakes 

• Doubly labeled water studies to measure energy expenditure and 
water turnover 

• Determination of vitamin D requirements based on relationships 
of intake with 25-(OH)D, parathyroid hormone, bone markers, 
and so on 

 
Although measuring food intake by infants and children is difficult, 

children need their own evidence-based DRIs. If DRI values for children 
are incorrect, this can result in incorrect identification of nutrient intake 
problems (either too little or too much), incorrect dietary recommenda-
tions for child feeding programs, and, potentially, adverse effects on 
health.  

 
  

THE USE OF ZINC STABLE ISOTOPES TO 
INFORM THE DIETARY REFERENCE INTAKE 

PROCESS FOR INFANTS AND CHILDREN 
 

Presenter: Nancy F. Krebs 
 
 
This presentation focused on two major topics: (1) the use of zinc 

stable isotopes in the estimation of zinc requirements in infancy and (2) 
the DRI process for setting the zinc UL for infants and children. The re-
lated DRI research recommendation involves the need for quantitative 
data on human zinc homeostasis under a wide range of dietary conditions 
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and at all ages (number 211-D).3 The type of study identified as particu-
larly useful for this purpose was the use of stable isotope methodology to 
quantify responses to changes in intake and absorption over a long term. 
The presentation included a review of stable isotope methodologies for 
zinc (including dosing, collections, and data); issues particular to infants 
and young children (invasiveness, collections, constraints on study de-
sign); and considerations for refining estimates of zinc requirements and 
revisiting the UL for zinc. 

 
 

Advances in Understanding the Zinc Requirement 
 

 
Studies of Zinc Homeostasis in Children 

 
Figure 9-1 illustrates zinc homeostasis. Unlike other nutrients, a sub-

stantial amount of zinc is secreted into the gastrointestinal (GI) tract. 
Some of that zinc is reabsorbed, and some passes out into the stool. Uri-
nary zinc content does not reflect dietary zinc intake. For infants and 
children, one needs to consider the accretion of zinc in new tissue. 

The DRI micronutrients panel used the factorial approach to deter-
mine the physiologic requirement for zinc and thus as a basis for the 
EAR. The amount that is absorbed needs to cover the losses from all 
sources plus the amount needed to account for the accretion of zinc in 
new tissue. Therefore, it is necessary to obtain data on the amount of zinc 
absorbed over an entire day rather than from a single “test meal.” Over 
the past few years, there has been a fundamental shift in the methods 
used to determine the physiologic requirement for zinc. 

 
 
 
 

                                                           
3See Appendix C for the exact wording of the recommendation that corresponds to the 

identification number given, and see Appendix D for the name of the report that corre-
sponds to the letter.  

. 
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FIGURE 9-1 Diagram depicting zinc homeostasis.  
NOTE: Zn = zinc. 
 
 
Stable isotopes are useful for measurements mainly in the GI tract 

processes. Such measurements include the following:  
 
• Fractional absorption—the proportion of ingested zinc that actu-

ally is getting into the system 
• The excretion of endogenous zinc secreted into the GI tract 
• Estimated size of the rapidly exchanging pool, which makes up 

about 10 percent of total body zinc 
 
Despite considerable progress, much work still is needed in terms of 

validating what the findings really represent in terms of zinc status.  
 
 
Stable Isotope Methodological Considerations  

 
Historically, studies have posed many difficulties, two of which are 

collecting sufficiently large urine samples and complete fecal samples 
from infants, and avoiding contamination. Some advances that have been 
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particularly relevant to being able to do studies with stable isotopes in 
children relate to using urine for measures of fractional absorption with 
the so-called dual isotope tracer ratio technique. The use of this tech-
nique provides multiple measurements to average, rather than just one 
end point. Better instrumentation allows the use of spot urine, greatly 
reducing collection demands. Three different stable isotopes of zinc are 
available and can be used concurrently to track different processes and to 
look at different conditions in the same person.  

Fecal monitoring with an isotope of zinc plus the rare earth element 
dysprosium now makes it possible to measure the completeness of the 
fecal collection and also to obtain fractional absorption from a fecal 
sample more easily, without a requirement for an intravenous dose. 
Moreover, by using dysprosium in combination with isotopes and obtain-
ing partial fecal and spot urine collections for 4 to 5 days, the endoge-
nous fecal zinc excretion can be estimated.  

Better instrumentation now allows the use of lower doses. The cost 
of isotopes has decreased dramatically in the past 10 years. Thus, the 
major cost is the labor involved in the analyses. 

 
 
Examples of Applications of New Methods 

 
In well-nourished individuals at the lowest doses of zinc, fractional 

absorption is very high; it decreases steadily with increases in the dose. 
The high fractional absorption of a low dose is not due to zinc defi-
ciency. Instead, it is due to a very small amount of zinc in the GI tract. 
With a low dose, even though there is a high fractional absorption, the 
amount actually getting absorbed is small. There is essentially a linear 
relationship of dietary zinc to absorbed zinc at the lower doses. For 
aqueous doses of zinc in the postabsorptive state, at an intake of about 20 
mg of zinc, the amount absorbed levels off.  

Dr. Krebs’ group has extended this work, done some pharmacokinet-
ics modeling, used a saturation response model extensively, and applied 
findings to other data. Figure 9-2 is a plot of zinc intake versus absorbed 
zinc in young infants. Fractional absorption is high for breast-fed infants, 
but the amount absorbed remains less than that of formula-fed infants. 
The UL for this age group is 5 mg/day—less than the amount consumed 
by all but one of the formula-fed infants. This kind of plotting can be 
informative in terms of bioavailability and requirements. 
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FIGURE 9-2 Zinc intake versus absorbed zinc in infants ages 2–4 months: 
Saturation response model.  
NOTE: Amax = maximum absorption; CI = confidence interval; Zn = zinc; 
CMF = cow milk formula; SEF = semielemental formula; BF = breast-fed 
(exclusively); BF/FF = breast-fed with formula intake (6 oz/day); Lo Fe = 4 
mg/L iron-fortified formula; Hi Fe = 12 mg/L iron-fortified formula; BF 
w/Fe supp = exclusively breast-fed with daily iron supplement (15 mg/day).  
SOURCE: Adapted from Hambidge, et al (in press) 
 
 
A plot of the endogenous fecal zinc versus absorbed zinc over a day 

shows a good correlation between the two. In Figure 9-3, the breast-fed 
infants are represented by the symbols on the left. Homeostatic mecha-
nisms, including the conservation of endogenous zinc, enable the breast-
fed infants to achieve positive net zinc absorption. 

 Absorption studies and application of the saturation–response curve 
to data provide information useful for predicting the effects of feeding 
different complementary foods to older infants, as shown in Figure 9-4. 
At 7 months of age, the breast milk alone provides less zinc than re-
quired. Feeding unfortified cereal is predicted to have little impact on the 
total amount of zinc absorbed. By adding meat (in this case, beef) one 
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dramatically increases both zinc intake and absorbed zinc, thus meeting 
the physiologic requirement. 

In the Zinc-Fortified Wheat Study in Peruvian Preschool Children 
(Lopez de Romana et al., 2005), absorption studies helped explain the 
lack of a statistically significant effect of treatment times duration. Zinc 
absorption studies of Chinese toddlers revealed that (1) homeostatic 
mechanisms were not enough to compensate for their low zinc intakes, 
(2) there is reason to suspect zinc deficiency, and (3) there is a need for 
intervention trials. Dr. Krebs indicated that examining intakes relative to 
the EAR may be quite useful in predicting absorption and, therefore, re-
sponse to proposed interventions. 

The effects of phytate intake on zinc absorption are complex. Dr. 
Krebs and coworkers are using a trivariate model to examine zinc ab-
sorption as a function of intakes of both dietary zinc and phytate (model 
not yet published).  
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FIGURE 9-3 Absorbed zinc versus endogenous fecal zinc: breast-fed and 
formula-fed infants. 
NOTE:  Zn = zinc. 
SOURCE: Krebs NF, Westcott JE. 2002. Zinc and breast-fed infants: If and 
when is there a risk of deficiency? In: Davis MK, Isaacs CE, Hanson LA, 
Wright AL, eds. Integrating Population Outcomes, Biological Mechanisms 
and Research Methods in the Study of Human Milk and Lactation. New 
York: Kluwar Academic/Plenum Publishers. With kind permission of 
Springer Science and Business Media. 
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FIGURE 9-4 Absorbed zinc versus zinc intake at age 7 months: implications 
for complementary foods for breast-fed infants. 
NOTE: EAR = Estimated Average Requirement. 
SOURCE: Data from Hambidge et al., 2002; Jalla et al., 2006, Krebs et al., 
2006  

 
 

The DRI Process and the UL  
 
More attention should have been given to intake assessment prior to 

setting the UL for zinc for young children, according to Dr. Krebs and 
Dr. Michael Hambidge, who served on the panel on micronutrients. As 
has been reported by many, a large proportion of infants and young chil-
dren have zinc intakes that exceed the UL for zinc—largely because of 
infant formula and food fortification. Dr. Krebs took the position that 
there is no evidence that adverse effects have resulted, and she called for 
prompt amendment of the zinc UL to address this discrepancy. 
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Concluding Remarks 
 
In conclusion, advances in stable isotope methodology have made it 

possible to conduct studies in diverse pediatric populations and settings. 
These methods can be taken to the field now. The application of stable 
isotopes to zinc homeostasis in infants and children suggest that  

 
• absorption is characterized by a saturation–response model, 
• the most important factors influencing zinc absorption are the 

quantity of zinc ingested and likely phytate (but not host status),  
• homeostatic responses are insufficient to prevent dietary defi-

ciency, and  
• comparison of population intake to the current EAR for zinc 

seems to predict a response to interventions.  
 
Furthermore, it is important to link homeostatic responses to interven-
tions with functional outcomes. 

 
 

DISCUSSION 
 
Throughout the workshop, many discussions included mention of the 

serious data gaps related to setting EARs for infants and children. During 
this discussion, Dr. Bier called for the convening of experts to develop 
modeling approaches and other approaches to radiotracers in a way that 
advances the pediatric field. For example, there is the need for reduced 
sampling algorithms that allow compartmental modeling. How does one 
develop those reduced sampling algorithms? How can multiple tracers be 
used to develop time series? 

Dr. Allen added that there is a big need to convene a group to exam-
ine methods that are most feasible, most ethical, and most convenient. 
Ethical considerations would include addressing the types of studies that 
should be allowable by institutional review boards. 
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Tolerable Upper Intake Levels1 
 
 
 
 
 
 
 
 
 
 

This session presented perspectives on Tolerable Upper Intake Lev-
els (ULs). Sanford A. Miller of the University of Maryland2 provided the 
perspective of an individual who has observed the development of the 
Dietary Reference Intakes (DRI) program from its inception. He served 
as a member of the Upper Reference Levels Subcommittee, the Standing 
Committee on the Scientific Evaluation of Dietary Reference Intakes, 
and the Food and Nutrition Board. Christine Taylor of the Food and 
Drug Administration (FDA) recently completed a 2-year assignment to 
the World Health Organization (WHO); she provided perspectives based 
on a joint effort between the Food and Agricultural Organization (FAO) 
and WHO to describe a model for nutrient risk assessment.  

 
 

TOLERABLE UPPER INTAKE LEVELS 
 

Sanford A. Miller 
 
 
This workshop reflects a concept underlying the development of the 

then new DRIs—that they would be in constant flux. Although some 
progress has been made over the last 10 years, an enormous amount re-
mains to be done, especially with regard to providing the data needed to 
set the ULs. A search of the literature published over the last 6 years 
                                                           

1This chapter is based on a transcript and slides from the workshop. 
2Patricia Anderson and Richard Forshee of the Center for Food, Nutrition, and Agricul-

ture Policy at the University of Maryland provided input regarding progress made in 
filling the identified research gaps. 
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identified only about 30 papers that, even by a stretch of the imagination, 
could be used in revising or adding to the ULs. This presentation covers 
distinctions between risk and safety, several considerations for establish-
ing ULs, data needs, and research needs. 

 
 

Distinguishing Between Risk and Safety 
 
To improve the process for setting ULs, it would be helpful to distin-

guish between risk and safety. Risk is an inherent property of a material. 
It depends upon exposure and a variety of factors, but it can be deter-
mined using scientific methods.  

Safety, on the other hand, might be called a second order derivative 
of risk. Cultural, social, and other health reasons are used to decide what 
constitutes a safe dose. Safety must be defined, but it can be based on 
many factors other than scientifically based ones. Figure 10-1 illustrates 
this point. 

In the DRI reports, the definition for UL is, “the highest level of 
daily nutrient intake that is likely to pose no risk of adverse health effects 
for almost all individuals in the general population.” Dr. Miller asserted 
that for some nutrients this is a virtual impossibility. To eliminate the 
risk, one must set a very, very low value for the UL. In fact, one needs to 
set the UL so low that the intake would not provide the positive nutri-
tional benefits of the nutrient. The UL for vitamin D provides an exam-
ple of this. Thus, Dr. Miller’s position is that the focus should be on 
acceptable risk, not no risk. Notably, ULs restrict dietary recommenda-
tions and regulatory policy options. 
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FIGURE 10-1 Safety: A point on a continuum. 
 
 

Considerations in Establishing Tolerable 
Upper Intake Levels 

 
Requirements to establish ULs include clear objectives, good mod-

els, and sufficient data. A clear objective would identify exactly what it 
is that is being protected against. Good models are needed to determine 
that protection is needed against a specified end point. Such models need 
to make it possible to calculate what exposures are going to be safe or 
not. However, the greatest need is for data. 
 
 
Risk/Risk Model  

 
To a large extent, the model that might be most useful is a risk/risk 

model. That is, what is the risk of having a very low UL versus a high 
UL? How does that interfere with other aspects of health? Instead, the 
DRI process has used the safe level model, while calling it a risk assess-
ment model. Dr. Miller believes that the most useful approach will be 
some combination of risk/risk with a better understanding of biological 
mechanisms for the end points of concern. 
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Addressing Multiple End Points 
 
An interesting aspect of nutrients is that multiple end points can be 

considered in a risk assessment—for example, end points concerned with 
a deficiency or the essentiality of the nutrient or other beneficial or ad-
verse effects on health. Many nutrients are associated with several risk 
curves that show different risks with different intakes. Figure 10-2, de-
veloped with Dr. Richard Forshee for a hypothetical nutrient, depicts this 
situation. A reasonable public health goal is to recommend the consump-
tion of the nutrient at a level that minimizes the total expected loss of 
health—the dotted line in Figure 10-2. Recommending a “safe level” 
(defined here as 0 expected loss of health) for either Risk 1 or Risk 2 
would result in higher total expected loss of health than could be 
achieved by tolerating some risk from both Risk 1 and Risk 2. Modeling 
data in this way could help identify the intake at which the risks are 
minimized with regard to all aspects of the nutrient, and it may be the 
easiest way to minimize risk. 

 
 

Data Needs 
 
Data needs related to ULs are the same as they were 10 years ago:  
 
• Dose–response information  
• The ability to draw curves to determine the fundamental associa-

tion between the substance and the outcome 
• The potential toxicity or adverse effects of high intakes of nutri-

ents on children  
• Better measures of exposure  
• The extent of the exposure in subpopulations  
• The upper percentiles of consumption 
• Long-term exposure data 
 
Despite the many years that nutrition research has been conducted in 

animals and humans, there is virtually no information on what happens 
when humans exceed the requirement by 100-fold or 10-fold in order to 
prevent deficiency for a lifetime. The gold standard needs to be human 
exposure. Biomarkers are greatly needed to make it possible to conduct 
the kinds of human experiments that could provide better data for setting 
ULs. 
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FIGURE 10-2 Two hypothetical risks and the total risk associated with 
consumption of a nutrient. 
NOTE: This figure illustrates a hypothetical relationship in which consump-
tion of a certain nutrient is associated with two risks that move in opposite 
directions as consumption of the nutrient increases. The vertical axis of this 
figure represents the expected loss of health in some standard unit, such as 
lives or quality-adjusted life years. The scale of the vertical axis is arbitrary 
and is intended for illustrative purposes only. The goal is to minimize the 
expected loss of health, that is to be as close to zero (0) on the vertical axis 
as possible. The horizontal axis represents the relative consumption of the 
nutrient from none (0) to the maximum observed consumption (100). The 
solid line represents expected loss of health from Risk 1. The expected loss 
of health from Risk 1 increases as consumption of the nutrient increases. 
The classic example of such a risk is toxicity at high levels of exposure, 
such as renal disease and vitamin D. The dashed line represents the ex-
pected loss of health from Risk 2. The expected loss of health from Risk 2 
decreases as consumption of the nutrient increases. The classic example of 
this type of risk is a deficiency disease related to a nutrient, such as osteopo-
rosis and vitamin D. The dotted line represents the total expected loss of 
health (sum of the expected losses from Risk 1 and Risk 2).  
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Research Needs 
 
Among the many research needs identified by Dr. Miller are the fol-

lowing: 
 
• Translation of animal data to human health outcomes. This re-

quires knowledge of the mechanisms.  
• Chronic studies. Although it is difficult to study chronic disease 

outcomes, more studies on such outcomes are needed to reduce 
important knowledge gaps.  

• Prioritization and communication of the research needs. 
• Understanding of the interactions of multiple nutrients and 

health end points. In terms of toxicity or adverse effect, exami-
nation of the interactions among various nutrients is an important 
part of the process of trying to determine safety. 

• Improved risk/risk models. Data are needed on the risks of two 
different materials in a single food and differences in the risks of 
a single nutrient under various circumstances. 

 
 

UPPER LEVEL RESEARCH RECOMMENDATIONS WITHIN 
THE CONTEXT OF AN INTERNATIONAL MODEL FOR 

NUTRIENT RISK ASSESSMENT 
 

Presenter: Christine Taylor 
 
 
This presentation addressed UL research recommendations from the 

perspective of work conducted recently by the WHO in cooperation with 
the FAO. The work resulted in the release of report of a Joint FAO/WHO 
Scientific Workshop on Nutrient Risk Assessment (FAO/WHO, 2005), 
which is available online at http://www.who.int/ipcs/methods/nra/en/ 
index.html. The report fulfills a WHO and FAO role in providing scien-
tific advice and is consistent with the WHO efforts to harmonize risk 
assessment methodologies. Five member states funded the workshop, 
which included 18 participants from 14 countries. The focus was on risk 
from excessive intake of nutrient substances; risk from deficiency was 
outside the scope of the workshop. 

The workshop participants initially considered two types of informa-
tion: (1) existing principles for risk assessment of nonnutrients and (2) 
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the major published comprehensive quantitative nutrient risk assessment 
documents—mainly reports issued by three authoritative bodies from the 
European Union, the United Kingdom, and the United States and Canada 
(i.e., the Institute of Medicine [IOM]). The workshop participants then 
worked to develop a model for nutrient risk assessment, keeping in mind 
the distinction between nutrient risk assessment and nutrient risk man-
agement. Participants were not asked to develop specific upper levels3 of 
intake for nutrient substances. 

 
 

Considerations for a Model for Upper Levels 
 
Principles that have evolved for conducting nonnutrient risk assess-

ment offer the foundation for the model that appears in the WHO report. 
Those principles are modified, however, for special considerations re-
lated to nutrient substances, such as the following: 

 
• One-of-a-kind homeostatic mechanisms 
• Metabolic differences for age, sex, and life stage 
• Dual risk curves—deficiency and excess 
• Need to deal with inadequate data sets 
 
The nutrient risk assessment model has at least three underlying 

themes: 
 
1. Outcomes are based on available evidence, even if it is limited, 

not on “developed data sets.” 
2. The current practice of evidence-based systematic review needs 

to be adapted for relevance to nutrient risk assessment. 
3. Public health protection decisions drive the process; choices are 

not necessarily based solely on considerations of the weight of 
the evidence. 

 
Two general research messages evolved: (1) the need for research to 

improve the ability of risk assessors to deal with currently limited data 
sets, and (2) the need for research targeted very specifically to safety. 
                                                           

3The term upper levels is the term used in the FAO/WHO report. Its definition differs 
somewhat from the definition for the Tolerable Upper Intake Level (UL). Use of the ab-
breviation UL in the summary of Dr. Taylor’s presentation is reserved for applications to 
the Dietary Reference Intakes. 
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Moreover, the workshop participants identified the need to develop ways 
to stimulate, organize, focus, and promote research agendas in this area. 

 
 

Research Recommendations 
 
The FAO/WHO report contains many research recommendations. 

Dr. Taylor organized these recommendations into seven themes for the 
purpose of this presentation: 

 
1. Existing data sets  
2. The need for human intervention data  
3. Relevant measurable end points  
4. Improving basic understanding  
5. Improving and harmonizing dietary intake assessments  
6. Adapting the model to a range of nutrient substances 
7. Understanding uses of upper levels and of risk characterization  
 
Overall, the research recommendations underscore comments made 

earlier in this DRI workshop that there is a need to consider the process 
for establishing upper levels of intake—not just for more data. Research 
messages organized under the seven themes follow, and, where applica-
ble, their correspondence with recommendations from DRI reports is 
noted.  

 
 

Dealing with Existing Data Sets 
 
The workshop participants found the existing reports on nutrient risk 

assessment lacking in transparency regarding the scientific judgments 
made and reasons for the decisions made. The participants regarded the 
practice of scientific judgments to be a researchable area and thus the 
report calls for guidelines for approaches to scientific judgment (estab-
lishing upper levels is a researchable issue), and for specific efforts as 
part of nutrient risk assessment to incorporate accountability, documenta-
tion, and transparency. 

Examples of improved methods for dealing with existing data sets 
include (1) defined approaches to combining data to establish links to 
adverse health effects, (2) inclusion/exclusion criteria for and weighting 
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of studies (most of which are observational), and (3) enhanced principles 
for meta-analysis. 

 
 

Dealing with the Need for Human Intervention Data 
 
Although it was emphasized that limited human data sets should not 

remain the norm, the ability to fulfill research needs faces certain ethical 
issues as well as the costs and difficulties associated with human trials 
and intervention studies. Because of these challenges, there is a need to 
do the following: 

 
• Develop innovative methodologies including animal models, in-

vitro techniques, and computer simulations 
• Explore more fully at least three areas:  
 

1. Approaches for comparing sensitivity between animals and 
humans 

2. Extrapolation of data from adults to children using ap-
proaches that are more physiological and less the default 

3. Relevance of changes in easily measured homeostatic 
mechanisms 

 
DRI research recommendations related to this theme focused on ad-

justment factors for body size, physical activity, intakes of energy, and so 
on (433-G).4 

 
 

Identifying Relevant Measurable End Points 
 
Under this theme, emphasis was placed on causally related bio-

markers: 
 
• Identify, elucidate, and validate the biomarkers. 
• Specify sensitivity. 
• Clarify homeostatic range. 
• Clarify time course. 

                                                           
4See Appendix C for the wording of the recommendations that correspond to the iden-

tification numbers given, and see Appendix D for the name of the report that corresponds 
to each letter.  
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One relevant DRI research recommendation was related to bio-

markers (124-C). 
 

 
Improving Basic Understanding 

 
This is a very critical topic but challengingly broad. Work is needed 

to do the following:   
 
• Elucidate the nature of metabolism, especially at high levels of 

intake. 
• Target research to elucidate adverse health effects. 
• Ensure the inclusion of dose–range studies and conduct more of 

them. 
• Specify interactions. 
• Establish bioavailability. 
 
The topics above are similar to some of the research recommenda-

tions from the DRI reports, specifically: 
 
• General research (420-G) 
• Specific nutrients, including: 

- B vitamins, folate, pantothenic acid, and choline 
- Vitamin C, vitamin E, and carotenoids 
- Vitamin K, arsenic, boron, copper, molybdenum, silicon, and 

vanadium (supplements) 
- Amino acids and protein 

• Dose–response data (421-G) 
• Factors affecting uptake and absorption (456-H) 

 
 
Improving and Harmonizing Dietary Intake Assessments 

 
In the comparison of the three major risk assessments, a major 

source of inconsistencies was in the approach to dietary intake assess-
ment. Thus, the FAO/WHO Working Group considered ways in which 
dietary intake assessment methods could be harmonized. Research needs 
include: 

• Strategies for combining data to estimate intake from all sources 
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• Strategies for estimating intake from aggregated data—essential 
in many parts of the world that lack intake data on individuals 

• Development of markers of exposure 
 
DRI research recommendations related to this theme include quanti-

fication of the intake of dietary supplements (426-G), enhancement of 
food composition databases (435-G), and statistical adjustments (438-G). 

 
 

Adapting the Model to a Range of Nutrient Substances 
 
The substances that are to be included under the term nutrients and 

related substances were not specifically defined during the FAO/WHO 
workshop, but the term was intended to include a wide range of nondrug 
substances. This poses some difficulties in working with a risk assess-
ment model. For example: 

 
• Some nutrient substances are nonessential or nonbeneficial, but 

they are constituents of the food supply. Is the risk assessment 
model equally applicable to essential and nonessential nutrient 
substances? 

• Some nutrient substances have no threshold response. These in-
clude trans fat and saturated fat. How does the model need to be 
adapted or modified for such nutrient substances? 

• Is the model applicable to macronutrients and micronutrients? 
• How can the model address interactions? 
• How does one handle any apparent overlap that may be observed 

regarding “beneficial” intake and risk? 
 
DRI research recommendations related to this theme covered the op-

timal range for macronutrient intake (255-E), nature of their adverse ef-
fects (261-E), and fats (343-E). 
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Understanding the Use and Application of the Upper Level and of Risk 
Characterization 

 
This theme is on the border between risk assessment and risk man-

agement. The nature of the dialogue between risk assessors and risk 
managers is very important internationally. It may include iterative dis-
cussions because the risk assessor’s actions must be very germane to the 
needs of the risk manager, but the risk assessor should avoid going be-
yond assessment into management decisions. The FAO/WHO Working 
Group called for studies of risk characterization outcomes to identify the 
following: 

 
• What information was used and how? How could the informa-

tion be improved? 
• What aspects of characterization were not useful? 
• What aspects led to secondary risk assessment requests? 
 
The report also called for guidelines for problem formulation. 

 
 

Concluding Points 
 
With regard to public health protection, stakeholders provided com-

ments emphasizing the importance of defining what is adverse. Clear 
terminology is of special importance when nutritionists and toxicologists 
are collaborating. 

The process of selecting the critical adverse health effect for setting 
the upper level differed among the three authoritative bodies. The selec-
tion of a different critical adverse effect often produced different results 
in the setting of upper levels. According to the FAO/WHO nutrient risk 
assessment report, when there is an array of truly adverse health effects, 
one examines the end points from a public health protection filter and 
selects the effect seen at the lowest level of intake. The focus is not nec-
essarily on the effect that is most severe or even the effect for which the 
weight of the evidence is strongest. This approach may lead to “concep-
tually messy” outcomes. Thus, much work needs to be done related to 
the selection of the critical adverse health effect and what it means in 
terms of coming up with appropriate and responsive upper levels. 

Looking to the future, it may be advisable for the IOM to consider its 
role in international harmonization. One of the recommendations in the 
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FAO/WHO report is to create, expand, and/or combine databases to cata-
log and collate information.  

 
 

DISCUSSION 
 
In response to a query from Dr. Hathcock, Dr. Taylor clarified that 

the Highest Observed Intake Level was identified in the report as a way 
of assisting risk managers. The FAO/WHO Working Group was aware 
of the need to ensure that risk assessment outcomes were usable by risk 
managers. Participants recognized that failing to set an upper level in the 
face of insufficient data was problematic because risk managers often 
must make regulatory decisions that provide some measure of safety. 
Thus, the Highest Observed Intake Level was suggested as a way of pro-
viding some scientific context for such decisions. 

Dr. Hathcock reiterated his previous concern that anomalous regula-
tory policies sometimes develop if an upper limit is not set. He hopes to 
help prevent illogical and inconsistent risk management decision making. 

Dr. Miller commented that this is an important communications is-
sue. People who are not particularly sophisticated or trained in risk as-
sessment need to translate the assessment into policies or actions. 
Without an understanding of the differences, the lack or presence of a 
numerical value for the upper level can make the difference in the credi-
bility of the particular policy or action. So this suggestion by the 
FAO/WHO Working Group to set a Highest Observed Intake Level is an 
important recognition of a communication problem. 

In response to a question by Dr. Murphy regarding whether the high 
preformed vitamin A intake by infants is a problem, Dr. Krebs com-
mented on the ULs for vitamin A and for zinc. In particular, Dr. Krebs 
indicated that she has no perception that the infants and children with the 
high reported intakes are experiencing any toxicity from those intakes, 
but that this question has not really been examined closely for either vi-
tamin A or zinc. Dr. Krebs stated that she has no real basis for knowing. 
The saturation–response curves for zinc suggest that there is much more 
zinc in formula than is necessary, and the same may be true for iron. 

In the final comment, Dr. Allen encouraged the use of metabolomics 
as a promising method to look at effects of toxic substances and of nutri-
tion interventions. One can easily see large changes and a very large 
number of biomarkers upon changing the intake of a single nutrient.  
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Dietary Reference Intakes: 
Applications in Dietary Assessment 

and Planning1 
 
 
 
 
 
 
 

In this session on the Dietary Reference Intakes (DRIs) application 
reports, five individuals addressed research recommendations related to 
dietary assessment and planning. Suzanne P. Murphy of the University of 
Hawaii (the first chair of the Subcommittee on Interpretation and Uses of 
Dietary Reference Intakes) covered research recommendations in the 
DRI Dietary Assessment Report (IOM, 2000a). Susan I. Barr of the Uni-
versity of British Columbia (the second subcommittee chair) covered 
research recommendations in the DRI Dietary Planning Report (IOM, 
2003a). Jay Hirschman of the Food and Nutrition Service, Patricia M. 
Guenther of the Center for Nutrition Policy and Promotion, and Rena 
Mendelson of Ryerson University, Toronto, presented perspectives of 
users of the reports. 

 
 

DIETARY REFERENCE INTAKES: 
APPLICATIONS IN DIETARY ASSESSMENT 

 
Presenter: Suzanne P. Murphy 

 
 
Dietary Reference Intakes: Applications in Dietary Assessment 

(IOM, 2000a) has been available for 6 years. This presentation summa-
                                                           

1This chapter was written based on transcripts and slides from the workshop. Drs. 
Murphy and Barr each acknowledged input from several subcommittee members. Dr. 
Guenther acknowledged input by fellow members of the National Cancer Institute’s 
Measurement Errors and Surveillance Working Group and the U.S. Department of Agri-
culture Center for Nutrition Policy and Promotion DRI Working Group. 
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rized the progress on the research recommendations. For convenience, 
the report’s 29 research recommendations are grouped into four broad 
categories: 

 
1. Improvements to the DRIs themselves 
2. Improvements in dietary assessment methods 
3. Better statistical methods 
4. Tools to help professionals use the DRIs correctly  
 
A brief discussion of each category follows, along with highlights of 

12 of the general recommendations (the recommendations are italicized).  
 
 

Recommendations That Were Related to the DRIs Themselves 
 
Most of the recommendations have been covered by previous speak-

ers, but they are summarized below along with Dr. Murphy’s assessment 
of the progress made in reducing the research gap. 

 
• Obtain better data on the distribution of requirements. To de-

termine the Recommended Dietary Allowance (RDA), one needs 
some information on the variability of requirements. Many as-
sumptions were necessary, and there is still a need to improve 
those estimates. Little progress has been made. 

• Replace Adequate Intakes (AIs) with Estimated Average Re-
quirements (EARs) and RDAs. Figure 11-1 depicts the possible 
placement of a “mythical” AI on a graph showing the frequency 
distribution of individual requirements. When the DRI nutrient 
panels did not have enough information to set an EAR and an 
RDA, they set this single number—the AI. Because one doesn’t 
know anything about the distribution of requirements, one can-
not use the paradigm that was developed for estimating the 
probability of adequacy or the prevalence of inadequacy. One 
only can look at whether mean intakes are at the AI. In most 
cases, the AI probably is larger than the RDA. Therefore, the AI 
is not a very satisfactory DRI value in terms of dietary assess-
ment. Based on previous presentations during this workshop, 
some good progress is anticipated on replacing some of the AIs 
with EARs as time goes by. 
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2 s.d .EAR

Increasing Intake

RDA AI

Frequency Distribution
of Individual Requirements

 
 
FIGURE 11-1 Position of selected DRI values on a frequency distribution 
of individual requirements. 
NOTE: EAR = Estimated Average Requirement, RDA = Recommended 
Dietary Allowance, AI = Adequate Intake, s.d. = standard deviation. RDA = 
EAR + 2 s.d. 

 
 

• Set Tolerable Upper Intake Levels (ULs) for all nutrients and 
provide information on the distribution of adverse effects. This 
type of distribution was not specified for any nutrient. If some-
one has an intake above the UL, one does not know if the risk of 
an adverse effect is very low or if there is great reason for con-
cern. Little progress has been made. 

• Better specify factors that can alter requirements. It could be 
useful to know if there were some way to determine approxi-
mately where on the requirement distribution a person’s 
individual requirement falls. For example, Dr. Dawson-Hughes 
mentioned that the calcium requirement for children or for ado-
lescents may be related to their height. Knowledge of such 
factors could be very helpful in estimating the probability of in-
adequacy for a specific person. Some progress is anticipated. 
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Recommendations Related to Improvement in 
Dietary Assessment Methods  

 
Much work is being done in this area, as highlighted below.  
 
• Improve food composition tables to use the same units and forms 

as the DRIs. This essentially has been accomplished, largely be-
cause of work by the Nutrient Composition Laboratory at the 
U.S. Department of Agriculture (USDA). For example, the food 
composition tables now list micrograms of dietary folate equiva-
lents (µg of DFE). Alpha-tocopherol equivalents had to be 
changed to alpha-tocopherol, and in many databases the different 
tocopherols had not been separated out. Retinol equivalents had 
to be changed to retinol activity equivalents to adjust for the 
lower availability of some of the carotenoids. Also, the databases 
needed to include different forms of some nutrients for the EAR 
and the UL. For example, the UL for folate applies only to folic 
acid (the synthetic form of folate), whereas the EAR is for total 
folate and DFEs. 

• Improve dietary data collection instruments to remove the bias 
of underreporting. This bias has long been recognized as one of 
the most serious problems with dietary assessment methods. Pro-
gress is being made. For example, the automated multiple pass 
method that is being used for U.S. national surveys seems to re-
duce underreporting and appears to be capturing much better 
data. Additionally, a group at the National Cancer Institute (NCI) 
is looking at a combination of recalls and a propensity question-
naire, a type of food frequency questionnaire to estimate the 
distribution of intakes for groups Additionally, the Observing 
Protein and Energy Nutrition (OPEN) Study that NCI conducted 
provided a much better understanding of the errors that are in-
herent in some dietary data. 

• Find better ways to quantify intakes from dietary supplements. 
Considerable work is in progress on this topic. For example, 2 
days of supplement intake data are being collected in U.S. na-
tional surveys, and this will provide some information on day-to-
day variation in supplement intake. The USDA Nutrient Data 
Laboratory is building an analytic database so that it will become 
unnecessary to rely on label data. At the University of Hawaii, 
Dr. Murphy is conducting a study to try to quantify the errors in 
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reporting across multiple instruments used for collecting data on 
dietary supplements. It is hoped the findings will provide useful 
information about the accuracy of the data being collected. 

 
 

Recommendations for Better Statistical Methods 
 
Little progress has been made with regard to any of the research rec-

ommendations in this category, as described below. 
 
• Improve methods of assessing individuals. Dr. Murphy noted that 

the use of the DRIs to assess an individual’s intake is a highly 
contentious issue. Because a practical and valid process for de-
termining an individual’s usual intake is not yet available, 
reliance must be placed on estimates from reported intake or ob-
served intake; and the resulting confidence in the assessment of 
adequacy may be low. Adjustment for the confidence of ade-
quacy has been problematic; methods are not complete for all 
nutrients (that is, for nutrients with a high coefficient of variation 
of daily intakes), and the process is subject to misinterpretation 
(consumers and professionals may assume that a low confidence 
means that intake needs to be increased, but often it just means 
that intake needs to be observed over a longer period).  

Figure 11-2 presents a hypothetical example in which the 
EAR is 6.8, the RDA is 9, and the person’s usual intake (based 
on the 3 days of intake data) is 10 units of this nutrient. If one 
simply calculates the straight probability of adequacy, the result 
would be about 100 percent; that is, if true usual intake were 10 
units a day, one would be virtually certain that the individual met 
his or her requirement. However, the method used in the DRI 
Assessment Report also considers the uncertainty in basing the 
estimate of usual intake on only 3 days of reported intake. 
“True” usual intake could be either higher or lower than 10 units. 
In this situation, one would have much less confidence that the 
individual’s true usual intake actually had 100 percent probabil-
ity of adequacy. By using statistical equations and looking at the 
day-to-day variation in intake of the specific nutrient, the esti-
mated confidence might be only 80 percent. Although the 
methods are quite good if one knows usual long-term diet, little 
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progress has been made in improving the assessment methods 
for individuals for whom just a few days’ data are available. 

• Assess the performance of the main methods of assessing groups, 
namely the full probability approach versus the cut-point 
method. The cut-point method is much easier to apply than is the 
full probability approach, and it provides a very good approxi-
mation of the prevalence of inadequacy if the assumptions made 
are correct. The recommendation to conduct a systematic inves-
tigation of those assumptions has not yet been acted upon. 

 

2 s.d.EAR 
= 6.8

RDA
= 9.0

Frequency Distribution
of Individual Requirements

Intake =
10.0

 
FIGURE 11-2 A usual long-term intake of 10.0 units would be above the 
RDA for this hypothetical nutrient and thus would have a high probability 
of adequacy. However, if intake data were available for only 3 days, then 
10.0 might be higher or lower than the true usual intake, and the confidence 
that usual long-term intake was adequate would be reduced to approxi-
mately 80 percent. 
NOTE: EAR = Estimated Average Requirement, RDA = Recommended 
Dietary Allowance, s.d. = standard deviation.  
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• Develop methods to test for differences in the prevalence of ade-
quacy between groups, controlling for other factors. Suppose, 
for example, that one wanted to compare the prevalence of ade-
quacy of nutrient intakes of two groups: (1) food stamp 
participants and (2) food stamp-eligible persons who were not 
participating in the program. To determine whether the results 
were statistically different, one would first have to adjust each 
distribution of intakes to obtain the usual intake distribution. Be-
cause the two groups may differ in other ways (e.g., income, 
education), multivariate analyses would be needed to adjust for 
the covariates. The DRI Assessment Report (IOM, 2000a) con-
tains a proposed methodology to adjust for day-to-day variation 
and for these covariates, but it appears that the method has not 
been tested yet.2 

 
 

Recommendations to Develop Tools to Help 
Professionals Use the DRIs Correctly 

 
Some progress has been made with regard to extending software to 

assist users with new methods, but more and better tools are needed. The 
C-SIDE3 program from Iowa State University is very helpful in assessing 
groups, but it is a rather complex program. A few of the software devel-
opers that have programs for assessing the diets of individuals have 
incorporated probability calculations into their programs rather than re-
porting intake as a percentage of the RDA. 

 
 

                                                           
2During discussion, Dr. Kevin Dodd, a statistician at NCI, clarified that the NCI statis-

tical methodology can incorporate covariates. In looking at differences in nutrient intake 
among subpopulations, the NCI method holds potential for incorporating analytically the 
individual level covariates that can help predict usual intake. Those covariates could be 
from another instrument, from demographic data, and so on. A better prediction of indi-
vidual intake will help in determining statistically significant differences in the 
distribution of usual intake within group, and the NCI group is working on that method. 

3http://cssm.iastate.edu/software/side.html. 
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APPLICATIONS IN DIETARY PLANNING 
 

Presenter: Susan I. Barr 
 
The report Dietary Reference Intakes: Applications in Dietary Plan-

ning (IOM, 2003a) has been available for only 3 years. This presentation 
included an overview of the DRIs in planning and a summary of relevant 
research recommendations and progress to date. 

 
 

Framework for Planning 
 
The planning framework that was outlined in the DRI Planning Re-

port provides some context for considering the research 
recommendations and the progress that has occurred. Figure 11-3 pre-
sents the conceptual framework for the uses of DRIs. It illustrates that to 
plan or assess diets, one needs valid estimates of nutrient requirements 
and of nutrient intakes. That is, planning and assessing are iterative proc-
esses: assessment is necessary for the planning, and planning needs be 
evaluated by assessment. The procedures used differ somewhat. 

The goal stated for dietary planning is to optimize the prevalence of 
diets that are nutritionally adequate without being excessive. For an indi-
vidual, the goal would be (1) a low risk that the person does not meet his 
or her individual requirement and (2) a low risk that the person’s intake 
is excessive. For a group, this translates to a low prevalence of inade-
quacy and of potential risk of excess. Within this framework, planning 
goals are for intakes. Traditionally, however, planning has been for foods 
offered or served. In the DRI planning framework, what matters is not 
that the nutrient is available but whether or not it is consumed by the in-
dividual or group. 
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FIGURE 11-3 Conceptual framework: uses of Dietary Reference Intakes. 
SOURCE: IOM (2000a), adapted from Beaton (1994). 

 
 
An outline of the planning processes that the DRI Applications Sub-

committee developed will help illuminate the research recommendations. 
Figure 11-4 illustrates the process used in planning for individuals. In 
this case, the relevant question is whether the individual has special con-
siderations. If there were special considerations that would affect 
requirements (for example, smoking cigarettes increases the vitamin C 
needs of a smoker), then planning for that nutrient would be based on the 
special consideration. Planning for the other nutrients involves planning 
to meet the RDA or AI while keeping intake below the UL, meeting en-
ergy needs, and staying within the Acceptable Macronutrient 
Distribution Ranges (AMDRs). 

Figure 11-5 shows the planning paradigm for groups. If the group is 
homogeneous (for example, a group of adult men), then one considers 
whether the requirement distribution is symmetrical or skewed. If it is 
not skewed, the plan can be based on the EAR cut-point method in such 
a way that the distribution of intake would have a low prevalence of per-
sons with intakes below the EAR. If the requirement distribution were 
skewed, the full probability method would be used to achieve a low 
prevalence of inadequacy. 
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In the case of a heterogeneous group, the term vulnerable subgroup 
refers to a group that has a high nutrient requirement relative to energy 
needs. An example would be 6- to 12-month-old infants: they have high 
iron needs relative to their energy needs and could be a target for inter-
vention. 

A nutrient density approach to planning was proposed for heteroge-
neous groups for which vulnerable subgroups cannot be identified. This 
approach considers the joint distributions of energy and nutrient re-
quirements to plan for the nutrient density that will lead to a low 
prevalence of inadequacy.  

Figure 11-6 depicts the difference between the baseline usual intake 
distribution (dashed line) and the target usual intake distribution (solid 
line). The planning approach was used to attempt to shift the distribution 
to the right to lower the prevalence of inadequacy. Thus, in this target 
distribution, the prevalence of inadequacy (area to the left of the EAR) is 
now low, and usual intakes remain below the UL. 

 
Are there special considerations?

Plan to meet RDA/AI
Remain below UL
Meet EER
Stay within AMDR

-Vitamin C)

Plan appropriate 
intakes based on 
special considerations

other nutrients

No Yes
(e.g., smoker 

 
FIGURE 11-4 Decision tree for use when planning intakes for individuals. 
NOTE: RDA = Recommended Dietary Allowance, AI = Adequate Intake, 
EER = Estimated Energy Requirement, AMDR = Acceptable Macronutrient 
Distribution Range. 
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FIGURE 11-5 Decision tree for use when planning intakes for groups. 
NOTE: EAR = Estimated Average Requirement. 
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FIGURE 11-6 A comparison between the baseline and target usual intake 
distribution.  
NOTE: dashed line = baseline usual intake distribution and solid line = the 
target usual intake distribution.  
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Research Recommendations and Progress 
 
Because this fairly complex paradigm is largely theoretical, a num-

ber of research recommendations arose in different categories.  
 
 
Recommendations Related to Intake Distributions 

 
Determine usual intake distributions of specific population groups. 

At the time the subcommittee was preparing the report, it was necessary 
to commission special analyses to obtain data about usual intake distribu-
tions (i.e., intake distributions from which within-person variability had 
been removed). Considerable progress has been made toward conducting 
such analyses. For example, the most recent publication of What We Eat 
in America (Moshfegh et al., 2005) presents data on usual intake distri-
butions by age and sex. In addition, several of the Canadian provincial 
surveys present their data in this way, and Dr. Barr anticipates that the 
2004 Canadian National Survey will also present data on adjusted usual 
intake distributions (Health Canada, 2006). 
 
 
Recommendations Related to the Planning Process Itself 

 
A number of recommendations were related to the goal of shifting 

nutrient intake distributions to achieve a low prevalence of inadequacy 
and a low prevalence of excessive intake. 

 
• Pilot test the proposed approach to planning for a low group 

prevalence of inadequacy. Progress towards this goal has been 
limited. Can the intake goals be achieved while meeting other 
important goals such as avoiding excess energy intakes, main-
taining nutrient intakes below the upper level, and avoiding 
unnecessary food waste? The Institute of Medicine (IOM) 
Committee to Revise the WIC4 Food Packages attempted to use 
the model in preparing recommendations for its report and found 
the approach to be quite challenging to implement for that pur-
pose (IOM, 2006c). 

                                                           
4WIC stands for the USDA’s Special Supplemental Nutrition Program for Women, In-

fants, and Children. 
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• Determine the relationship between foods offered and the nutri-
ent intake in the context of group planning. If one offered more 
vitamin A-rich foods to a group that had a high prevalence of in-
adequate vitamin A intakes, for example, would the prevalence 
of inadequacy decrease? Such a decrease would only occur if the 
vitamin-A rich foods were actually consumed by those with in-
adequate intakes. Little progress has been made in systematically 
examining this relationship. Although some insight might be 
gained from the impact of food fortification programs such as the 
mandatory fortification of enriched cereal products with folic 
acid, that example does not really address what happens when 
the specific foods offered to groups are changed.  

• Determine how different nutrition interventions affect nutrient 
intake distributions. For example, will the distribution simply 
shift and otherwise retain the same shape? Compared with 
changes in education, supplementation, or food availability, 
would changes in fortification have a different impact on the 
shape of the distribution? Other than the example of folic acid 
fortification, data are not available regarding the effect of differ-
ent types of nutrition interventions on intake distributions. It is 
possible, however, that future implementation of a new WIC 
food package may provide some insight on what happens when 
food availability is changed. 

• Develop and evaluate dietary planning strategies for heteroge-
neous groups. The DRI Planning Subcommittee proposed a 
nutrient density approach to plan for heterogeneous groups. Al-
though one can envision how such an approach could be used to 
formulate a standard emergency relief ration that would meet the 
nutrient requirements, even of those with low energy needs, it is 
much more difficult to envision how this could be accomplished 
when a variety of foods differing in energy and nutrient content 
is available. No progress appears to have been made in this area. 

 
 
Recommendations Related to Implementation of the Planning Process  

 
Several recommendations address how one takes the information on 

nutrient requirement distributions and translates it to food-based patterns 
that would achieve the desired nutrient intake patterns.  
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• Review and, where necessary, revise existing food guides. The 
USDA has released a revised food guide called MyPyramid 
(USDA, 2005). It incorporates recommended intakes from the 
DRI reports. In general, persons who follow MyPyramid would 
be expected to meet the RDA or AI for most or all nutrients.  

• Develop food guides for group planning. Canada is using an in-
novative modeling approach to develop a food guide that (if 
followed) would result in a low prevalence of diets with inade-
quate nutrient intakes. It could thus be used to plan diets both for 
groups and for individuals. 

• Assess the application of the DRIs for food and supplement la-
beling. Points to consider are the updating of values, synthetic 
sources of nutrients, and information on the UL. Dietary Refer-
ence Intakes: Guiding Principles for Nutrition Labeling and 
Fortification (IOM, 2003b) addressed these topics. That report 
contains a recommendation to use a weighted EAR as the Daily 
Value, and this recommendation has engendered considerable 
debate. The Food and Drug Administration has not yet published 
a proposed rule on the topic. 

• Communicate with and educate nutritional professionals about 
correct uses of the DRIs. Although much remains to be done to 
meet this goal, some progress has been made. For example, an 
online course on DRIs developed in Canada5 is available, and 
several articles have been published in scientific journals ad-
dressing how to use the DRIs in assessment and planning. 
Notably, Dietary Reference Intakes: The Essential Guide to Nu-
trient Requirements (IOM, 2006a), a single-volume summary of 
the DRI series is likely to be a widely read and useful resource. 

 
In conclusion, some real progress has occurred, but many critical 

knowledge gaps need to be bridged to be able to plan confidently for low 
prevalences of inadequacy and excess using the DRIs. 

 
 

                                                           
5The website is www.dieteticsatwork.com. A fee is charged. 
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DISCUSSION OF RESEARCH RECOMMENDATIONS FROM 
THE APPLICATION REPORTS 

 
Presenter: Jay Hirschman 

 
 
This presentation was from the position of one who works with the 

U.S. federal food assistance programs—food stamps; school lunch; the 
Supplemental Nutrition Program for Women, Infants, and Children 
(WIC); and many others—and thus focuses mainly on the DRI Planning 
Report (IOM, 2003a). Points covered included a planning conundrum, 
the use of end points, statistical adjustment, testing the group planning 
methodology, and the shape of the target intake distribution. 

 
 

The Planning Conundrum 
 
Federal food programs work mainly with heterogeneous groups. The 

DRI Planning Report suggests using a target usual nutrient distribution 
by selecting a target percent inadequate. An example given is 2.5 percent 
inadequate—the estimated percentage of individuals who would not be 
covered by meeting the RDA.  

Because most of the EARs and AIs for children are determined indi-
rectly, they involve a higher degree of uncertainty than the values for 
adults. Notably, approximately 50 million children in the United States 
attend schools that participate in the National School Lunch Program, 
and one should never expect the U.S. federal government to say that it is 
satisfactory for 2.5 percent of schoolchildren to be inadequate in a nutri-
ent. That would translate to 1.25 million children. These factors make 
application of the recommended DRI planning methodology difficult in 
practice. 

 
 

End Points 
 
The methods of determining end points differ across the different nu-

trients, and the science varies enormously across the range of nutrients. 
However, the DRI Planning Report provides no guidance on the rela-
tive importance of reducing the percent inadequate across the different 
nutrients. That is, would it be better to use the same target percent inade-
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quate for all the nutrients or, for example, to target 1 percent inadequate 
for one nutrient and 10 percent inadequate for another? Would the result 
be satisfactory if using a specific target pushed a portion of the distribu-
tion into the UL range? Those responsible for applying the methodology 
are left with considerable uncertainty as they make decisions about pro-
gram operation on a day-to-day basis. 

 
 

Statistical Adjustment Question 
 
Mr. Hirschman raised the statistical question, Does the statistical cor-

rection based on 2 days’ data correct for the intraindividual variation 
equally across nutrients? Basiotis and coworkers (1987) demonstrated 
that the number of days required for a true group average estimate of nu-
trient intake varies considerably across the nutrients. If the correction is 
not equal, this could have important implications for planning. During 
the discussion period, Dr. Kevin W. Dodd, a statistician at NCI, ex-
plained that the adjustment applies equally across the nutrients.  

 
 

Testing the Group Planning Methodology  
 
Mr. Hirschman has used a number of different data sets and the nu-

trients vitamin C and zinc to test the nutrient density approach to 
planning for heterogeneous groups—adolescents in particular. Figure 11-
7 illustrates some of Mr. Hirschman’s findings. Nutrient density per 
1,000 kcals was calculated using the following formula: 

 
Nutrient density =  mean nutrient intake x 1,000 
   mean energy intake  
 
The first two bars in the figure used the 1989 RDAs for vitamin C 

and the average energy allowance at median height and weight rather 
than intake. The next two bars, which used the 2000 RDA and the esti-
mated energy expenditure for sedentary adolescents, show a considerably 
larger target nutrient density. (The RDA for vitamin C had increased and 
the energy value, which is in the denominator, had decreased). The 
School Nutrition Dietary Assessment (SNDA) Studies are nationally rep-
resentative studies of U.S. children attending schools offering the 
National School Lunch Program.  
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FIGURE 11-7 Vitamin C nutrient density: a comparison of survey results 
for adolescents. All values include vitamin pill supplements.  
NOTE: RDA = Recommended Dietary Allowance, DRI = Dietary Refer-
ence Intake, EAR = Estimated Average Requirement, SNDA = School 
Nutrition Dietary Assessment Study, CSFII = Continuing Survey of Food 
Intake by Individuals. The 2000 DRI value shown is an RDA. Median val-
ues are not readily available.  These are approximations based on [(mean 
intake/mean energy) x 1,000] 
 
The first arrow shows vitamin C density—approximately 40 mg of 

vitamin C/1,000 kcal—of the food offered to the children in 1992. The 
estimated vitamin C density of food reported to be consumed at lunch, 
which is from an analysis of data from the 1994–1996 Continuing Sur-
vey of Food Intake by Individuals, is somewhat lower. Data from 
SNDA-2, 1998–1999, (see the second arrow in Figure 11-7) indicates 
that the nutrient density for vitamin C in foods offered was considerably 
higher than that reported by SNDA-1. In the interim, the USDA had im-
plemented the School Meals Initiative for Healthy Children—a national 
effort to try to improve the quality of school meals. 

These data show that it is functionally possible to increase nutrient 
density in the meals that are offered to children. However, the figure also 
shows that the vitamin C density of the meals served is substantially 
lower than that offered, meaning that the students did not take all the of-
ferings, and they selected foods with lower than average vitamin C per 
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1,000 kcal. The last two bars in the figure show what the vitamin C den-
sity targets would be. For a heterogeneous population, one would use the 
higher nutrient density—namely 62 mg of vitamin C/1,000 kcal. 

More information will become available from the analysis of SNDA-
3 data from school year 2004–2005, which included (in addition to data 
on foods offered and foods served), data on what the children ate—both 
at the meals at school and over 24 hours. 

 
 

Shape of the Target Intake Distribution 
 
Government programs frequently aim to shift the shape of the distri-

bution, as by providing larger benefits to families with lower income. 
This raises the research question, What assumptions should be made in 
planning regarding changes in the shape of the intake distribution? 

 
  

Concluding Remarks 
 
In his concluding remarks, Mr. Hirschman made the following points 

regarding research needs: 
 
• Consider a coordinated research effort to review the existing 

mammalian animal studies, and then design and complete new 
mammalian studies that will improve the estimate of the varia-
tion, being sure to select species with natural variation. Also 
these studies should be used to improve the methods for extrapo-
lating from adult values to other groups, especially children. 

• Given that it is difficult to select the target percent inadequate, 
the shape of the distribution is intended to change, the end points 
are variable, and there is uncertainty in the intake estimates, con-
sider the need for a new study and publication with a title that 
might be along the lines of Applications of the DRIs in Planning: 
Health and Statistical Considerations in Selecting Targets for 
the Percent Inadequate Across Nutrients. 
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RESEARCH RECOMMENDATIONS FOR 
DRI APPLICATIONS 

 
Presenter: Patricia M. Guenther 

 
 
This presentation highlighted applications of the DRIs at the USDA 

Center for Nutrition Policy and Promotion (CNPP), especially related to 
the following: 

 
• Dietary Guidelines for Americans 2005 (DHHS/USDA, 2005), 

the nutrition policy of the U.S. federal government, the devel-
opment of which considered assessment of the proportion of the 
population with inadequate intakes of nutrients  

• MyPyramid, the USDA’s major consumer education tool, which 
uses the RDAs and AIs as the nutrient adequacy goals 

• The USDA food plans, including the Thrifty Food Plan (which 
provides the basis of the Food Stamp Program allotments)  

 
The purposes of the presentation were to report on the progress made 

regarding the research recommendations in the two DRI applications re-
ports and to identify the research needs that remain unmet. 

 
 

Progress Made Related to Assessment 
 
A summary of progress related to assessment is presented below. 
 
• Reporting estimates of usual or long-run average daily intakes 

when assessing nutrient adequacy. A major milestone was 
reached when the USDA's Agricultural Research Service used 
the method and software developed at Iowa State University 
(ISU) to estimate the proportions of the population having usual 
intakes below their EARs and the standard errors of these esti-
mates (Moshfegh et al., 2005).  

• Estimating usual intake—developing more applications and 
greater efficiency. NCI has developed a method for estimating 
usual intake that builds on previous work. It was developed for 
estimating population distributions of usual intakes of episodi-
cally consumed foods. Papers describing the method—by Dodd 
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et al., Subar et al., and Tooze et al.—are scheduled to appear in 
the October 2006 issue of The Journal of the American Dietetic 
Association. The NCI method is expected to work for nutrients 
as well as for foods. It could be used to determine whether the 
prevalence of inadequacy differs between two groups and 
whether it would be more efficient than the ISU method for that 
purpose.  

 
Using models that relate intake to a health outcome within the con-

text of the 2003–2004 National Health and Nutrition Examination 
Survey (NHANES), the NCI method also can predict an individual's 
usual intake and its standard error using appropriate covariates. The Na-
tional Center for Health Statistics (NCHS) Data Users’ conference in 
July 2006 had a session about this; and further information, SAS macros, 
and a web tutorial will be forthcoming through the NCHS website. 

 
• Developing estimates of an individual's usual intake in a clinical 

setting for the purposes of determining the probability of inade-
quate intakes. This remains a research need. The NCI group 
believes that this can be done and that a confidence interval for 
the predicted usual intake could be estimated. This approach may 
prove to be more useful than the confidence-of-adequacy ap-
proach described in the DRI Assessment Report. The CNPP has 
found that that the confidence-of-adequacy approach is impracti-
cal for use with consumers.  

• Understanding the underreporting of food intake. Tooze and col-
leagues (2004) describe results of a multivariate exploration of 
the underreporting of food intake and a review of earlier work 
done to address this topic. 

• Biomarkers. Progress has been made in the use of recovery bio-
markers such as doubly labeled water and urinary nitrogen to 
estimate bias in dietary assessments. Progress has also occurred 
in the use of concentration biomarkers (e.g., serum carotenoids, 
which are correlated with nutrient intake). However, consensus 
has not yet been reached regarding the usefulness of concentra-
tion biomarkers.  

• Measuring the intake of supplements. The plans for the 
NHANES 2007–2008 include collecting 2 days of supplement 
and dietary intake data, which will facilitate the estimation of 
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day-to-day variability in nutrient intake from supplements and 
total nutrient intake.  

• Qualitative consumer-oriented research on how to communicate 
concepts related to assessing dietary adequacy, the most impor-
tant one being probability of adequacy. This remains a research 
need. The CNPP needs some exploratory research to find out 
what consumers want to know about dietary adequacy and what 
will be meaningful to them. Dietitians need consumer research-
based advice about how to explain dietary adequacy information 
to their clients. 

 
 

Progress Made Related to Planning 
 
The CNPP uses the RDAs and AIs in the development of its food 

guidance system, (MyPyramid), which provides plans for use by 
individuals. Dr. Guenther concurred with previous speakers that a 
well-conceived and tested nutrient density approach to the DRIs could 
facilitate the planning of diets for families whose members have hetero-
geneous nutrient needs. The CNPP will be using a nutrient density 
approach in its dietary assessment tool. The revised Healthy Eating Index 
will assess food intakes per 1,000 calories of energy intake. 

 
 

Potential New Research Questions 
 
The following two topics of interest to the CNPP might be consid-

ered for future research: 
 
1. Noting that the AMDRs are density standards, the CNPP would 

find it very helpful if more of the DRIs could be expressed on a 
density basis, such as per 1,000 calories of energy intake or per 
kilogram of body weight. 

2. A recommended ratio of sodium to potassium intake could also 
be useful. The protective effect of potassium-rich diets in blunt-
ing the adverse effects of sodium intake has not yet been 
quantified to the extent that it could be used in dietary guidance 
and assessment. Given the difficulty of planning higher calorie 
diets that do not exceed the AI for sodium, a research-based rec-
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ommendation that simultaneously considers both sodium and po-
tassium intake would be most welcome. 

 
 

Summary 
 
Progress in applying the DRIs has been demonstrated by the use of 

the ISU method and software to estimate the prevalence of inadequacy, 
the development of the NCI method for further applications of usual in-
take, advances in biomarkers, and plans for improved collection of 
information on supplement use. The remaining research needs are meth-
ods for estimating individual usual intake, consumer communication 
research, and expanding the research base for the development of DRIs 
that can be expressed as densities or ratios. 

 
 

EDUCATING PROFESSIONALS ON THE USE OF 
DIETARY REFERENCE INTAKES  

 
Presenter: Rena Mendelson 

 
 
This presentation briefly covered topics related to communicating 

about the DRIs from the perspective of an individual who teaches under-
graduate dietetic students and who needs to explain the DRIs to young 
college students. Then, very brief mention was made concerning applica-
tion of the DRIs from the perspective of work with the Ontario Food 
Survey in Canada.  

Students, other professionals, consumers, and others basically want 
to know if they are deficient in any nutrients and, if they are deficient, 
what they should do to make up for the deficiency. Dr. Mendelson finds 
that textbooks pose a problem. The most popular textbooks tend to in-
clude the RDAs but not the EARs. Textbooks come with nutritional 
analysis software, but students have difficulty determining whether they 
have made a mistake or not. Two major reasons for this difficulty are the 
students’ lack of knowledge of food composition data and lack of experi-
ence with hand analyses of nutrient intake. Moreover, the target to which 
intake is compared varies in different software packages and may not be 
clearly identified. 
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Explaining the probability of inadequacy to a student who is looking 
for a deficiency poses a challenge. Having them do the analysis for their 
intake by hand is a tedious process, but doing one’s own analysis helps 
with comprehension. 

Dr. Mendelson considers it important to examine how dietitians are 
using the DRIs in conjunction with dietary data. Pertinent questions in-
clude, How are they analyzing and interpreting the information? and 
How are the many other providers of nutrition advice using the informa-
tion? She concurred with Dr. Guenther’s recommendation concerning 
research on communicating with consumers. 

Using the DRIs in conjunction with survey data may pose other chal-
lenges. After applying the cut-point method to look at the estimated 
prevalence of inadequacy in the population, interpreting and acting on 
the findings requires careful consideration. For example, what action is 
needed, if any, in view of the finding that 35 percent of the population 
has an estimated prevalence of inadequacy of magnesium?  

 
 

DISCUSSION 
 
Topics covered during the discussion included supplements, nutrient 

density, software, and the DRI paradigm. For comments on the DRI 
paradigm, see the “Discussion” section in Chapter 13. 
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Vitamin-Mineral Supplements 
 
Dr. Dwyer commented that supplements and fortified foods are 

sometimes overlooked in dietary planning. Several discussants re-
sponded, giving examples pertaining to dietary assessment. Food surveys 
provide data about fortified foods but not necessarily about supplements. 
Dr. Hirschman pointed out that targets for children are based on nutrients 
from foods and that the conservative approach is to examine intake from 
foods only unless there is a concern with exceeding the UL. Drs. Men-
delson and Barr commented that the estimated prevalence of inadequacy 
with supplement use was essentially the same as that without supplement 
use in one Canadian survey, but it was lower in another one. Method of 
data collection, region of the country, and year all may have contributed 
to the difference in the findings. 

 
 

Nutrient Density  
 
Dr. Bier noted that there is no standard definition of nutrient density 

and that we lack a way to compare the nutrient density if, for example, 
one food is rich in vitamin E and another in vitamin C. Is it correct to use 
calories as the denominator? Dr. Barr clarified that, in the DRI Planning 
Report, nutrient density was considered nutrient by nutrient. One exam-
ines the distribution of the nutrient requirement in relation to the 
distribution of the energy requirement. She noted that no method was 
developed to combine the densities for different nutrients. 

 
 

Software 
 
In response to Dr. Dwyer’s question regarding availability of quality 

software, Dr. Mendelson suggested that software companies link up with 
publishers of widely distributed textbooks and that the two parties syn-
chronize their approach to computerized dietary assessments. 
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New and Underutilized Research 
Techniques and the Dietary 

Reference Intakes1 
 

 
 
 
 
 
 
Looking to the future in terms of Dietary Reference Intakes (DRI) ef-

forts brings a need to consider new techniques, new methodologies, and 
new research opportunities. This session included three perspectives on 
new and underutilized research techniques that may be applicable to 
DRIs. Irwin H. Rosenberg of Tufts University, who served as a member 
of the Subcommittee on Upper Reference Levels of Nutrients, addressed 
promising research techniques and a research strategy for setting Toler-
able Upper Intake Levels (ULs). Paul B. Pencharz of the University of 
Toronto, who served on the macronutrient panel, focused on protein and 
amino acid research. Jose M. Ordovas of Tufts University addressed the 
“-omics” and systems biology.  

 
 

NEW AND UNDERUTILIZED RESEARCH TECHNIQUES 
AND THE DIETARY REFERENCE INTAKES 

 
Presenter: Irwin H. Rosenberg 

 
 
The presentation covered potential research techniques and also 

some major research needs that could be addressed with more traditional 
techniques. 

 
 

                                                           
1This chapter is based on a transcript and slides from the workshop. 
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Promising Research Techniques  
 
 

Genotyping, Epigenetics, and Imprinting 
 
Topics that need consideration with regard to setting nutrient re-

quirements and to considering susceptibility to higher levels of intake of 
a nutrient include genotyping, epigenetics, and imprinting—including the 
assessment of effects of single nucleotide polymorphisms (SNPs) on 
variability in requirements and/or ULs. Earlier in this workshop, Drs. 
Steven Zeisel and Patrick Stover provided examples, such as the finding 
that methylation of deoxyribonucleic acid (DNA) at the cytosine position 
can have a substantial influence on gene expression and that dietary 
methyl donors can influence the level of methylation to some extent. 
This is a knowledge area that is important to understand, particularly 
when it is possible that one can influence not only gene expression but 
even the total silencing of a gene, resulting in genetic imprinting and 
some very important phenotypic outcomes. Some interesting modeling 
challenges can be anticipated. 

With regard to the methylene tetrahydrofolate reductase (MTHFR) 
polymorphisms, the pathway is highly complex; flavin-adenine dinucleo-
tide (FAD) may be able to partially stabilize the heat lability of the vari-
ant. Looking at this additional way in which riboflavin interacts with this 
pathway may serve as another example of how this type of information 
will enter some of the decision making related to DRIs. 

A specific example involves the C677T mutation in the MTHFR 
gene. Homozygosity for this mutation results in a less active and a more 
heat-sensitive enzyme protein (Kang et al., 1988). Heat sensitivity results 
in dissociation of FAD, but the dissociation is prevented by folate sub-
strates (Guenther et al., 1999). The prevalence of the homozygous vari-
ant differs among subgroups: the variant exists in about 15 percent of the 
Caucasian population, is less prevalent in African Americans, and is 
more prevalent in Hispanics. 

Data from Dr. Paul Jacques of Tufts University shows an elevation 
of homocysteine in the homozygous variant only when folate intake is 
below the median. This finding raised questions about whether different 
subgroups would respond differently to intake. The increase in plasma 
folate by genotype (data provided by Jacques, see Figure 12-1), suggests 
that the abnormality probably is not a large determinant of the require-
ment. One possible model of the MTHFR variant related to the folate 
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requirement is depicted in Figure 12-2. This model assumes that the vari-
ant represents a certain part of the distribution of the folate requirement 
that would shift the curve only slightly to the right. The intent of this 
model is to illustrate that when new data are obtained, models will be 
needed to help interpret how findings about requirements of subpopula-
tions should influence requirements set for the overall population. 
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FIGURE 12-1 Increase in plasma folate by genotype. 
*p < .05 compared with the same genotype before fortification. 
ap < .05 compared to wild type. 
bp < .05 compared to wild type. Significance lost after adjustment for mul-
tiple comparisons.  
SOURCE: Paul Jacques, Tufts University, Boston. 
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                  ala/ala represents the wild type   (lower line) val/val represents the variant

                  (upper line) represents the entire population

 
 

FIGURE 12-2 A possible model of the MTHFR variant related to the folate 
requirement.  
NOTE: Dashed line (ala/ala) represents the wild type; lower line (val/val) 
represents the variant; upper line represents the entire population.  
SOURCE: Irwin Rosenberg, Tufts University, Boston, MA. 
 

 
Bioavailability Studies  

 
Because nutrition deals with different forms of vitamins and miner-

als, studies of bioavailability are very important. Dr. Rosenberg views 
them as absolutely essential in the setting of requirements. 

An example is provided by folate, dietary folate equivalents, and fo-
lic acid. One of the research recommendations made in the DRI B Vita-
mins Report (IOM, 1998a) is to obtain more information about 
monoglutamate versus food folate, which Dr. Rosenberg views as an 
oversimplification. Instead, he suggested that the research need concerns 
free folic acid versus folates embedded in foods. The hydrolysis of folate 
polyglutamates is not the rate-limiting problem in folate absorption. 
Probably absorption is affected by the release of folate from some of the 
food matrices. Whether folic acid (the synthetic form of the vitamin) is 
given with or without food may affect its bioavailability. 

Dr. Rosenberg then pointed out that the DRI B Vitamins Report 
(IOM, 1998a) misapplies dietary folate equivalents to the folate con-
tained in human milk. Doing so is inappropriate because human milk 
folate is absorbed by a totally different process than is folate provided by 
other foods. In particular, the infant absorbs the folate from breast milk 
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in association with a protein binder that passes across a permeable mem-
brane. As a result, the folate in human milk probably is at least as well—
if not better—absorbed than is folic acid—the form of the vitamin added 
to infant formula. Expressing human milk folate in terms of dietary folate 
equivalents underestimates the bioavailable folate content of human milk 
and thus the Adequate Intake (AI). This error in the report needs to be 
corrected. 
 
 
Stable Isotope Studies 

 
Fruitful areas for research involving stable isotope studies (the sub-

ject of other presentations during this workshop) include the conversion 
of carotenes to vitamin A, studies of amino acid and protein require-
ments, and doubly labeled water studies. 

 
 

Research Strategy for Setting ULs 
 
The report of the Upper Levels Subcommittee (IOM, 1998b) did not 

contain a set of research recommendations, in spite of the fact that the 
research needs were very great. Of the research recommendations con-
tained in the set of DRI reports, only 2 of 60 in the research methods list 
refer to the ULs. A few more could be attributed to UL research needs. A 
look at the complete list of research needs reveals an even lower propor-
tion of needs that apply to ULs. 

Dr. Rosenberg called for a commitment to the research base for mak-
ing the judgments needed to set ULs, including the following: 

 
• Sharper end points of adverse effects 
• Dose–response analyses with larger numbers—a very important 

need for ULs and EARs  
• Depletion–repletion studies for adverse effects if feasible and 

ethical (otherwise, consider ways to obtain better information 
from cohort studies) 

• Validated surrogate markers of risk  
 
An early finding, such as the presence of esterified vitamin A as evi-

dence of replete stores, might be one example of a surrogate marker of 
risk. Another possible surrogate marker might be circulating free folic 
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acid, which indicates that doses of folic acid beyond the ability of dihy-
drofolate reductase to reduce them have entered the metabolic system. 
Connecting various observations with other functional markers and func-
tions may help move the process forward.  

Dr. Rosenberg concluded that the process for setting ULs is rela-
tively new. Progress in this area will require a commitment to the re-
search that allows making good judgments.  

 
 

A FOCUS ON PROTEIN AND AMINO ACIDS 
 

Presenter: Paul B. Pencharz 
 
 

Promising Future Directions for Research 
 
In looking at future directions for research related to the DRIs, this 

presentation highlighted the following points: 
 
• Know where we come from—that is, return to first principles 

and rediscover what people previously knew. For example, in 
about 1900, Karl Voit reported that 1 gram of protein per kilo-
gram of body weight per day supported good work efficiency. 

• Consider the techniques used to determine the dietary require-
ments of monogastric farm animals (e.g., pigs), because the 
animals are easier to study and exhibit less genetic variability. 

• Find surrogate measures that can be used to determine dose–
response to define a level to use in studying longer-term 
functional outcomes. 

 
Dr. Pencharz clarified that his remarks were from the perspective of 

a researcher who is interested in minimally invasive methods that can be 
used in children.  
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Using the Full Range of Intakes to Define 
the DRI Values 

 
In the DRI process, the Estimated Average Requirement (EAR) is 

best established by defining the physiological response both below and 
above the requirement point. This approach also helps define variability 
and thus the Recommended Dietary Allowance (RDA). The use of 
nonlinear regression and two-phase linear cross-over regression analysis 
could be helpful in defining the variability. 

Using piglets as subjects, a feeding study could be helpful in identi-
fying a surrogate measure that would indicate that a particular amino 
acid is potentially toxic (e.g., that it can no longer be metabolized if in-
take exceeds a certain amount). In a study that fed higher and higher lev-
els of phenylalanine, the data curve showed a point at which the data 
went straight up—that is, it identified the phenylalanine intake at which 
phenylalanine hydroxylase is overwhelmed. The break point could serve 
as a surrogate measure that the particular amino acid could be toxic.  

 
 

Methods Related to the EAR for Protein 
 
Dr. Pencharz discussed the following views regarding methods re-

lated to protein requirements:  
 
• Nitrogen balance is a cumbersome tool and is expensive and 

time consuming. 
• Failure to include all available data in past analyses may have re-

sulted in an underestimation of protein requirements.  
• Longer-term feeding studies are needed (e.g., Garza et al. [1977] 

provided evidence that short-term nitrogen balance studies 
probably underestimate the protein requirement). 

• New methods need to be applied. Preliminary data obtained by 
measuring breath 13CO2 following the oxidation of orally admin-
istered L-[1-13C] phenylalanine over various protein intakes sug-
gest that the break point for the protein requirement occurs at 
about 0.9 g/kg of body weight, which is consistent with a re-
analysis of nitrogen balance data. 

 
Methods for determining amino acid requirements include growth, 

which is useful only during rapid growth; nitrogen balance; direct oxida-
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tion; indicator amino acid oxidation (IAAO); 24-hour direct amino acid 
balance; and 24-hour indicator amino acid balance (IAAB). Either the 
indicator of oxidation or the 24-hour balance is currently considered the 
state of the art for determining amino acid requirements. 

Genetic variability merits consideration as related to research on pro-
tein requirements. Within-subject variability is smaller than between-
subject variability. Farm animals with selective breeding have much less 
variability than humans, but ongoing studies in dogs of different breeds 
are showing a degree of variability that is similar to that in humans.  

The IAAO could be used as a direct reflection of protein synthesis 
for two purposes: (1) comparing a commercially available parenteral 
amino acid solution to a new parenteral solution, and (2) identifying lim-
iting amino acids in both parenteral solutions. A corollary with food 
could be to determine how processing alters the bioavailability of an 
amino acid. Within one day, this method can identify the limiting amino 
acids.  

 
 

Concluding Remarks 
 
In conclusion, there is a need to relate the determination of DRIs to 

long-term health. Determine whether short-term balance studies relate to 
long-term health. Conduct studies with graded levels of intake to define 
an appropriate intake level, and then study health effects of that intake 
over a long term, as was done by Garza and colleagues (1977). Consider 
additional ways to examine function—possibly the Harvard Step Test as 
a measure of iron status. Look at findings in new ways, for example, 
How do studies that show a suppression of parathyroid concentration 
with increased 25-hydroxyvitamin D relate to bone health and hence to 
vitamin D requirements? Would the answer require long-term studies or 
would medium- or short-term studies suffice?  

 
 

“-OMICS” AND SYSTEMS BIOLOGY 
 

Presenter: Jose M. Ordovas 
 
 
The focus of this presentation was how the science of genetics can be 

used to reduce the risk of chronic disease, with examples mainly related 
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to reducing the risk of coronary heart disease. In response to research 
recommendation 8-A,2 genetics can be very helpful in determining the 
individual risk for chronic or age-related diseases. Genetics may help 
predict, as early as possible, those people who will be more susceptible 
to common disorders, so that specific attention can be directed to them. 
Earlier detection of diabetes mellitus, for example, could have an enor-
mous impact: using current methods, persons with diabetes already have 
lost about 50 percent of their beta-cell function by the time the diabetes 
is diagnosed. 

What is involved in this earlier detection? It requires capturing and 
interpreting information at different levels and using a variety of novel 
techniques. Thus, genomics involves studying the genomes, which con-
tain the information (an indication of what can happen). Transcriptomics 
is used to analyze gene expression (what appears to be happening). Pro-
teomics is used to investigate proteins (compounds that make things hap-
pen). Metabolomics is used measure metabolites (substances that indicate 
what has happened and is happening). 

Genetic information provided by the Framingham Study (Lahoz et 
al., 2001) shows a differential cardiovascular disease (CVD) risk associ-
ated with the presence of one or another allele at candidate genes (i.e., 
APOE) and a gender difference as well. Genetics may help provide more 
specific information related to the need for different recommendations 
for men and women, and provide such information early. In one exam-
ple, genetics could identify 12 or 15 percent of the population who would 
not be identified by low-density lipoprotein (LDL) cholesterol, the clas-
sical biomarker for CVD risk. Their LDL cholesterol could be low de-
spite a genetic predisposition to have as much cardiovascular disease risk 
as do those with high LDL cholesterol.  

Because the technology has moved forward, an approach called un-
biased knowledge acquisition is examining the genome and obtaining 
data on hundreds of thousands of SNPs. A National Institutes of Health 
initiative is working to put all this information in the public domain. In 
the near future, the entire human genome variation will be covered, al-
lowing investigation of genes of interest in terms of whatever pathway is 
being studied.  

 
 

                                                           
2See Appendix C to find the wording that corresponds to the recommendation numbers 

given in this chapter. The number refers to the ID number for the recommendation in the 
DRI Research Synthesis Database, and the letter refers to the specific DRI report. 
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Possible Revisions of Selected Research 
Recommendations 

 
Dr. Ordovas suggested a revision of research recommendation 282-E 

related to genetic variants that contribute to the intraindividual variation 
in LDL. In particular, he added high-density lipoprotein cholesterol 
(HDL-C) and triglyceride concentrations as biomarkers of interest and 
fatty acids as a dietary component. 

In addition to the traditional CVD risk biomarkers (usually measured 
in the fasting state), increasing evidence supports the notion that bio-
markers measured in the nonfasting (postprandial) state may have a key 
role in identifying CVD risk. Many, many genes are involved in the 
complex postprandial process of handling dietary fat and cholesterol. 
Thus, genes may affect the concentration of atherogenic triglyceride-rich 
lipoproteins, and CVD risk varies with the concentration of these lipo-
proteins during the postprandial period. For example, research at one of 
the candidate genes examined (APOA5) shows that for the people who 
do not have a specific polymorphism—approximately 80 to 85 percent of 
the U.S. population—polyunsaturated fatty acid intake has little effect on 
this risk factor. However, for those who are carriers of the polymor-
phism, circulating triglyceride-rich lipoprotein concentrations tend to be 
higher; and this condition is associated with greater CVD risk. This nega-
tive aspect of this gene variant is expressed only in the case of higher n-6 
polyunsaturated fatty acid intake. 

Dr. Ordovas also suggested revising research recommendation 256-E 
relating to dose–response studies by adding n-6 and n-3 polyunsaturated 
fatty acids to the examples of essential macronutrients. The negative ef-
fect associated with the higher intake of polyunsaturated fatty acids (dis-
cussed in the previous paragraph) is exclusive to n-6 fatty acids.  

With regard to research recommendation 266-E, genetics might be 
used, for example, to predict who is going to benefit from the classical 
approaches to successful or lasting weight loss. Figure 12-4 shows a 12-
month follow-up of obese subjects who were placed on hypocaloric diets 
(Corella et al., 2005). The carriers of the allele of the perilipin gene did 
not lose weight during the year, whereas the group without the polymor-
phism did. (The perilipin gene is expressed in the adipocytes and protects 
the adipocytes from lipolysis.) Thus, this is an example of how to distin-
guish the people who may be able to succeed with a traditional weight-
reduction approach from those who need a different intervention. 
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Interaction Between the PLIN 11482G>A Polymorphism
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FIGURE 12-4 Weight reduction over 1 year (obese subjects on a low-
calorie diet), by PLIN (11482G > A) polymorphism status. 
NOTE : M = month. 
SOURCE: From Corella et al. (2005). Obese subjects carrying the 
11482G>A polymorphism at the perilipin locus are resistant to weight loss 
after dietary energy restriction. J Clin Endocrinol Metab. 90(9):5121–5126. 
Copyright 2005, The Endocrine Society. 

 
 

Making Use of Metabolomics 
 
Metabolomics can be used to distinguish people who have severe 

atherosclerosis from those who have normal coronary arteries (see Figure 
12-5).The partial least squares for discriminant analysis (PLS-DA) model 
(Brindle et al., 2002) is a noninvasive, multivariate statistical approach to 
predicting coronary artery status that makes catheterization (a very inva-
sive process) unnecessary. A yet unpublished example of a metabolomic 
technique combines ultraperformance linkage chromatography with mass 
spectrometry. The technique produces PLS-DA score plots for three dif-
ferent diets, which allows identification of the dietary phase (saturated 
fat, polyunsaturated fat, or monounsaturated fat) for each subject. In the 
future, this kind of approach might be used to assess compliance or the 
intake of certain nutrients.  
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FIGURE 12-5 Prediction of coronary artery status using the PLS-DA 
model. Comparison of patients with severe atherosclerosis (TVD) and pa-
tients with normal coronary arteries (NCA)  
SOURCE: Brindle et al. (2002). Reprinted by permission from Macmillan 
Publishers Ltd: Nature Medicine. Rapid and noninvasive diagnosis of the 
presence and severity of coronary heart disease using 1H-NMR-based me-
tabonomics. 8:1439–1445. Copyright 2002. 
 
 
Because of the huge amount of information that is being generated 

by these new techniques, it is important to use bioinformatics to process 
the information and make it readily usable. By using this approach and 
the different connections between genes and gene products, it will be 
possible to define, for example, the mechanisms by which arachidonic 
acid and docahexaenoic acid (DHA) inhibit the synthesis and production 
of cholesterol. By knowing the key players along pathways, it will be 
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possible to increase the points at which specific nutrients can be targeted 
for disease prevention and even treatment.  
 
 

Concluding Remarks 
 
Dr. Ordovas concluded that the ultimate goal of nutrigenomics is de-

termining optimal nutrition for everyone—not just for 95 percent—with 
any genetic constitution, in any environment, at any life stage. He pre-
dicts that what is called nutrigenomics today will be called nutrition 
within the next 10 years. 

 
 

DISCUSSION 
 
Dr. Zeisel commented that a parallel use of metabolomics can be de-

veloped to analyze food composition. The concept is to look at the 3,000 
components in a food and characterize them simultaneously. Thus, the 
investment in metabolomics could help both the clinical studies and the 
food composition studies.  

In response to Dr. Pencharz’s comments on variability, Dr. Appel 
noted that the DRI reports tended not to deal with measurement error 
issues related to intraindividual variability, and he asked for a research 
objective to document the variation and to catalogue it in future reports. 

Dr. Rosenberg commented that despite all the power of genomics, he 
does not expect to be able to explain individual variation only in those 
terms. For example, differences in absorption and even metabolic turn-
overs will not be completely explained by measuring these genotypes. 
Dr. Ordovas agreed, stating that genetics can explain up to 50 percent. 
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Wrap-Up Session 
 

 
 
 

 
 
 
 
 
 
In the final session of the workshop, five speakers from a range of 

backgrounds presented closing remarks. John Suttie of the University of 
Wisconsin and chairperson of the workshop planning committee led off. 
He was followed by Dr. Molly Kretsch of the Agricultural Research Ser-
vice (ARS) of the U.S. Department of Agriculture (USDA) and a co-
chairperson of the Federal Dietary Reference Intakes (DRIs) Research 
Synthesis Subcommittee; Dr. Hasan Hutchinson from the Institute of 
Nutrition, Metabolism and Diabetes of the Canadian Institutes of Health 
Research; Dr. Catherine E. Woteki from Mars, Inc. and a former staff 
director of the Food and Nutrition Board and former chairperson of the 
Food and Nutrition Board; and Dr. Dennis Bier, an academic researcher 
from the USDA Children’s Nutrition Research Center at Baylor Univer-
sity, Texas.  

 
 

COMMENTS BY DR. SUTTIE 
 
This presentation included a series of points that address the ques-

tion, What did we learn here today?: 
 
• Much research that related to the research recommendations has 

been conducted—more than some of us realized. 
• In some cases, sufficient new information is available to warrant 

reexamination of selected DRIs in the near future. 
• Some problems of the past DRI process have become apparent 

retrospectively and will require careful attention in the future. 
For example, in a number of cases the Recommended Dietary 
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Allowances (RDAs) and the Tolerable Upper Intake Levels 
(ULs) are not compatible.  

• Limitations of the Adequate Intake (AI) were raised by a number 
of speakers. In Dr. Suttie’s view, the AI is based on a concept 
that is useful in situations where data are insufficient to set an 
Estimated Average Requirement (EAR), but the usefulness of 
the AI has been limited by lack of a common definition. The AI 
was established in different ways for various nutrients, and the 
lack of consistency causes some problems. Over the course of 10 
to 12 years, new challenges have arisen. For example, should the 
EARs now be based more on criteria that relate to health promo-
tion? In many ways, the use of such criteria is much more diffi-
cult than focusing on biological assays.  

• One cannot underestimate the impact that the rapid move to ge-
nomics will have on the DRI process. Within a few years, it will 
be relatively inexpensive for people to have their genome 
searched and at least a few hundred markers identified. Some of 
those markers will identify rather drastic changes in nutrient me-
tabolism or in the nutrient requirement. How should this type of 
information be incorporated in the DRI model? How do we make 
sure that we cover the subpopulations that have higher require-
ments without moving to higher recommendations that poten-
tially could have some undesirable effects? 

• More information is available now on how the DRI process can 
be used for planning and how it is used by different agencies to 
develop different programs. Some problems have been identified 
that need to be addressed more explicitly than was done in the 
first reports. 

• Recommendations for infants and children definitely need atten-
tion. Problems with extrapolations are of concern. Since the 
methods to study nutrient requirements in adults typically have 
involved invasive techniques, studies of children pose difficul-
ties. Therefore, addressing the requirements of infants and chil-
dren will require much more thought in the future. One 
possibility would be to have a committee address the problem of 
establishing requirements for infants and children across the 
range of nutrients. 

• The difficulties in dealing with ULs need to be addressed, espe-
cially since ULs are expected to become more important in the 
future. 
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COMMENTS BY MOLLY KRETSCH 
 
A new collaborative process between U.S. and Canadian government 

sponsors and with sponsors and the Institute of Medicine was initiated 
with this project. The U.S. Federal DRI Steering Committee is very 
pleased with the results of this new way of working. This presentation 
included a review of the goals of the project, progress made, next steps, 
and cross-cutting research needs.  

 
Goals and Progress Made 

 
Box 13-1 shows a summary of the goals and of progress made. Fol-

low-up activities after this workshop involve the database, a report, and 
funding.  

 
BOX 13-1 

Goals of the DRI Research Synthesis Project and Progress Made 
 

DRI Research Synthesis Goals Progress Made 

Identify DRI research gaps. 
 

Excellent progress. The 
searchable database and 
workshop advanced this goal. 

Collate a searchable database of the DRI 
research recommendations. 

 

Second version is available for 
testing. Speakers identified 
the need for a rigorous proc-
ess of formulating the re-
search recommendations in 
the future. 

Evaluate the current relevance of these 
research recommendations. 

 

Considerable progress. 
Speakers provided updates on 
research progress and what 
remains to be done. 

Use the information to inform the federal  
research planning process. 
 

Pending. The workshop infor-
mation together with input 
from other sources, such as 
stakeholders, will be used to 
establish agency research 
agendas. 

Stimulate needed research to underpin 
future revisions of the DRIs. 

 

Pending. Questions include: 
How can we increase funding 
for DRI research? How can we 
state DRI research needs in a 
way that researchers want to 
work in this area? 
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Next Steps 
 
 
Searchable Database 

 
The Federal DRI Steering Committee would like to see the DRI Re-

search Synthesis Database become a “living database”—one that would 
encompass not only the DRI research recommendations but also the pro-
gress made toward filling these research gaps. Toward this end, new 
software could make it possible to link these research recommendations 
to the research portfolios of federal agencies. Such a linkage would make 
it easier to identify progress and help coordinate research in the United 
States—and possibly between the United States and Canada as well. At 
this time, resources for maintaining a “living database” have not yet been 
secured, but this is a possibility to be explored. 
 
 
Workshop 

 
The workshop summary should be available in October 2006. The 

workshop’s information will help inform the research planning process 
for the Federal DRI Steering Committee agencies. For example, this 
workshop and the database are very timely for the ARS, which does con-
siderable research on human nutrient requirements. Planning for the next 
5-year research cycle for the ARS Human Nutrition Program starts in 
January 2007. The workshop, together with other input from stake-
holders, will help inform the research planning process.  
 
 
Funding  

 
Revising the DRIs must be continued. However, some perceive that 

the study of nutrient requirements is simply filling gaps and is of limited 
importance. Thus, not only is there a need for dedicated funding, but we 
need to change perceptions regarding the nature and importance of this 
research. How can we engender interest in this field by young research-
ers? Thought needs to be given to how we can boost funding for and in-
terest in future DRI research.  
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Cross-Cutting Research Needs 
 
One cross-cutting research need that has been emphasized during the 

workshop is continued work on food and dietary supplement composi-
tion databases. Two of the speakers acknowledged clear research ad-
vances stemming from advances in food composition data, specifically 
with regard to choline and vitamin K. On the other hand, two other 
speakers indicated that research is lagging because of deficiencies in 
food composition data, especially for vitamins E and D. Also, the appli-
cation of metabolomics methodology to food composition analyses, 
which was mentioned by Dr. Ordovas, has been initiated by the USDA 
Food Composition Laboratory at Beltsville, Maryland. Other cross-
cutting research needs include methodologies for the assessment of die-
tary intake, physical activity, and biomarkers of exposure. All these 
cross-cutting research needs fall in the area of methods, and frequently 
this area receives limited funding. 

 
 

Acknowledgments 
 
In her closing comments, Dr. Kretsch acknowledged the efforts of 

the members of the Workshop Planning Committee, the Federal DRI Re-
search Synthesis Subcommittee and its Canadian counterparts, and the 
federal sponsors who provided funding for this project. 

 
 

COMMENTS BY HASAN HUTCHINSON 
 
This presentation included a review of objectives for the DRI Re-

search Synthesis, types of knowledge gaps in general and for Canada, 
and selected uses of the DRI Research Synthesis in Canada. 

 
 

Objectives 
 
The Canadian Institutes of Health Research’s top three objectives for 

the DRI Research Synthesis project were essentially the same as those 
presented by Dr. Kretsch. In addition, it is anticipated that the project 
would inform future iterations of the DRIs, methods of organizing re-
search recommendations in future reports, and the prioritizing of future 
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research related to nutrient requirements. Certainly, prioritization is go-
ing to occur at the agency level, with consideration given to mandates 
and stakeholders. 

 
 

Knowledge Gap Themes 
 
Dr. Hutchinson highlighted the following knowledge gap themes: 
 
• Requirements of children, pregnant and lactating women, and the 

elderly—all of which are vulnerable population groups  
• Individual variation of requirements caused by genetics/epi-

genetics, lifestyle, environment, and geography 
• The need for biomarkers that are able to predict functional out-

comes and chronic diseases 
• The need to improve dietary assessments and planning methods, 

including survey methodology and the food composition tables 
and databases 

• Bioavailability 
• Interactions among nutrients 
 
Research gaps that are especially important in Canada include infor-

mation on how geographical variables affect the vitamin D needs of Ca-
nadians, vitamin B12 requirements of the elderly and how they can be met 
(Canada has no vitamin B12 fortification of foods), and nutrient require-
ments of children—a need voiced throughout the workshop. 

 
 

Uses of the Research Synthesis in Canada 
 
The workshop and database have facilitated the identification of re-

search needs and promising future studies. The database is expected to be 
a very useful tool for researchers and for planning by agencies. Health 
Canada uses the research gap information to address in-house research 
needs. Its research program primarily supports the department's policy 
and risk assessment work. The Canadian Institutes of Health, like the 
ARS in the United States, is about to enter its next planning phase. Given 
the importance of this type of research and its application toward policy 
work and risk work, Dr. Hutchinson anticipates that nutrition research 
relevant to the DRIs will move forward in the institutes’ priorities. Dr. 
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Hutchinson expressed support for the idea of coordinating Canadian ap-
proaches with those of American colleagues. This might take the form of 
common funding calls or at least complementary funding calls in the fu-
ture. 

 
 

COMMENTS BY CATHERINE E. WOTEKI 
 
This presentation reemphasized some of the points made during the 

introductory session to provide the context for her discussion of the DRI 
research recommendations. In particular, the presentation covered se-
lected aspects of the evolution of the DRIs, key questions relative to re-
search priorities, challenges, perspectives on funding, and responsibility 
for leading the research agenda.  

 
 

Evolution of the DRIs 
 
As conceived, the DRIs are an evolutionary and iterative scientific 

synthesis. The conceptual approach that was used for the DRIs was set 
out in the publication called “How Should the Recommended Dietary 
Allowances Be Revised?” (IOM, 1994). Key points from that publication 
are summarized as follows:  

 
• Reference values to be included: deficient, estimated average re-

quirement (EAR), recommended dietary allowance (RDA), and 
an upper safe range of intake  

• Substances to be included: essential nutrients and what was 
called “important food components” 

• The incorporation of aspects from the report Dietary Reference 
Values for Food Energy and Nutrients for the United Kingdom  
(COMA, 1991)  

 
The Food and Nutrition Board sought scientific review of its concep-

tual report through symposia, requests for public comments, and discus-
sions at meetings of scientific societies. The process of developing the 
DRIs was intended to (1) be a much more open and participatory process 
than previously had been the case; (2) include a more transparent exposi-
tion of the principles, scientific evidence, and derivation of the values; 
(3) provide more flexibility to address the many uses of the nutrient val-
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ues; and (4) develop research recommendations to identify knowledge 
gaps. 

The Food and Nutrition Board had discussed extensively how it 
could be possible to revise and update selected DRIs and/or other infor-
mation when new research evidence showed the need for such action. As 
pointed out in this workshop, such revisions or updates have not oc-
curred. This matter merits much consideration. 

 
 

Key Questions Relative to Research Priorities 
 
Based on the presentations and discussions of the DRI Research Syn-

thesis Workshop, addressing the following key questions would help to 
define what the priorities should be for research to be undertaken imme-
diately. They relate to the question: Is the DRI paradigm “right”? That is,  

 
• Are the EAR, the RDA, the establishment of AIs and ULs the 

right values? Conceptually, are these values appropriate for the 
purposes for which they are being used or need to be used? 

• Are the methods used to derive these values appropriate with re-
spect to extrapolations and other statistical adjustments, and are 
they equally applicable to nutrients and to other food substances 
that have received little attention to date? 

• Are the risk assessment approaches used to set the UL the most 
appropriate?  

• Does the establishment of AIs and Acceptable Macronutrient 
Distribution Ratios (AMDRs) imply that the paradigm does not 
fit all nutrients? 

 
Under the current DRI paradigm, the EAR has great importance: ex-

position of the end point selected is clear, data sets that were used are 
identified, the EAR is used in establishing the RDA, and the EAR has 
multiple uses in assessment and planning. This degree of importance 
may be greater than initially recognized. 

If the DRI paradigm is correct, the research agenda priorities are 
clear. They relate to (1) identifying the valid nutritional status end points 
for nutrients that have public health importance and that lack an EAR, 
and (2) collecting sufficient data to set the EAR. If the paradigm is not 
correct, however, the same questions would remain; but there would be a 
different emphasis in establishing the priorities. 
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Challenges 
 
Assuming that the paradigm is correct, challenges remain. Workshop 

presenters addressed many of them: methodological issues, studies in 
infants and children, and incorporating genetic polymorphisms as they 
relate to nutrient requirements. Additional challenges relate to aspects of 
evidence-based reviews that are appropriate to setting DRIs and consid-
ering important food components that have not been part of this process. 

 
 

Funding the Research Agenda  
 
Two major factors will affect funding for the nutrition research 

agenda: the perceived need to address other topics within the research 
agenda and, even more importantly, all other priorities in the agency 
budgets and in the federal government budgets in both the United States 
and Canada. Consequently, an enormous amount might be gained from 
coordination among the U.S. and Canadian agencies to  

 
• establish a mechanism to set priorities,  
• determine types of research appropriate for the intramural agen-

cies to fund (some research priorities will not be funded by ex-
tramural programs), 

• plan the content of future dietary surveys with an eye toward the 
future needs for the DRIs, and 

• develop the food composition analytical methods and data that 
are essential in establishing DRI values. 

 
Incentives or disincentives for private sector research merit some 

consideration. Clearly, food companies have provided valuable food 
composition data. Working relationships have been especially good 
when a particular company or group of companies has had a special in-
terest in a nutrient. Thus, there can be very good incentives for develop-
ing more food composition data and including the private sector in that 
effort. 

Legislation has led to some disincentives, especially as related to die-
tary supplements. Perhaps, with a different set of incentives, there might 
be more reason for pharmaceutical companies to invest in answering 
some of the fundamental nutrition research questions.  
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As a follow-up to points raised during the workshop, consideration 
might be given to incentives for developing software both for profes-
sional use and for educational purposes and to incentives for formula 
companies to address some of the questions raised that pertain to re-
quirements of infants.  

 
 

Responsibility for Leading the Research Agenda  
 
In moving forward, who has responsibility for leading this research 

agenda? Dr. Woteki stated that, without question, the government agen-
cies do; and the coordinating body that involves research and action 
agencies in both Canada and the United States holds promise. The Food 
and Nutrition Board continues to have important roles in the develop-
ment of the type of research synthesis that has led to the DRIs, as a body 
for strategic planning in the areas of food and nutrition, and in convening 
groups that can move the questions forward. Nonetheless, Dr. Woteki 
takes the position that the major responsibility for implementation of the 
agenda rests with the funding agencies. 

From her current perspective with a major food company, Dr. 
Woteki reemphasized the importance of the DRIs for public health and 
for policy applications, and she reemphasized how extremely important it 
is that the research base be defensible. Quoting Dr. Lindsay Allen, “This 
is serious stuff, and it deserves investment.” 

 
 

COMMENTS BY DENNIS M. BIER 
 
This presentation addressed research opportunities, highlighting 

those related to new techniques. In addition, it briefly covered bio-
markers for foods, ethical issues, and a systematic approach for setting 
ULs. In his opening remarks, Dr. Bier spoke about the logo of the Chil-
dren’s Nutrition Research Center at Baylor College of Medicine. That 
logo shows happy children eating. The joys of food provide a reason to 
solve some of the research questions raised—to allow people to enjoy 
what they eat.  
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Opportunities 
 
To move the research forward, there is a need to communicate the 

excitement. For example, what is the real relevance of finding the an-
swers to the questions? How can the research questions be framed in a 
way that gets agencies and researchers interested in them?  

One approach would be to use the new tools (genomics, epigenom-
ics, proteomics, and metabolomics) to capture the excitement in the ques-
tions and bring young people into the field. There is an urgency to 
determine the relevance to human health of some of the epigenetic regu-
lation issues with dietary intake. At the time the recommendation was 
made to fortify grains with folic acid, for example, the epigenetic effects 
of methyl donors were unknown and did not enter the discussion at all. 

Another approach to generate interest is to build on the experience of 
the clinical pharmacology specialty and to develop a new specialty called 
clinical nutricology. For example, clinical pharmacologists showed that 
(1) pharmacokinetics had relevance to direct human health and behavior 
in the use of drugs, (2) genotypes altered the metabolism of drugs in a 
way that was relevant to human beings, and (3) the interaction among 
drugs was important to their effects in human beings—in fact, compo-
nents of diet such as grapefruit juice were important to the metabolism of 
drugs. The parallel content of clinical nutricology can be seen simply by 
changing the word drug to nutrient in the example above. 

 
 

Biomarkers for Foods  
 
Although the workshop gave much attention to the need for bio-

markers and status indicators, Dr. Bier emphasized that there is also a 
need for biomarkers in foods. Food biomarkers could make it possible to 
know, for example, whether someone ate broccoli or not. Developing 
biomarkers in food could lead to a better independent assessment of die-
tary intake. 

 
 

Ethical Issues 
 
Participants raised a number of ethical issues during the workshop. 

Addressing them is extremely important to make it possible to conduct 
experiments related to the nutritional needs of children. For children, Dr. 
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Bier views the issue of safe study design to be of greater importance than 
developing the justification for the research. For studies relating to the 
ULs, developing the justification appears to be more important than the 
study design. Citing a specific example related to research relevant to 
ULs for amino acids, Dr. Bier indicated that, despite being given specific 
instructions on information needs for a symposium on amino acid sci-
ence, only a small proportion of the invited scientists provided informa-
tion on why they need to do specific studies. 

 
 

Systematic Approach to a Decision Tree for Setting ULs  
 
As his final comment, Dr. Bier stated that a systematic approach to a 

decision tree for setting ULs, as proposed by Dr. Sanford Miller, would 
be very helpful in improving the process for setting ULs. 

 
 

DISCUSSION 
 
No formal discussion occurred at the end of the session. However, 

earlier in the workshop, discussants raised points pertinent to the appro-
priateness of the DRI paradigm and methods for obtaining answers to 
research questions. These points are summarized below. These com-
ments are not to be interpreted as consensus comments or recommenda-
tions. 

 
 

The General Model 
 
• The model suggests a level of precision that we are unlikely to 

have. 
• The model is only as good as the indicators being measured. 

EARs were based on indicators having acceptable data, not on 
optimum nutrition. The model poses problems when an aim is 
chronic disease prevention. 

• A new DRI committee may be helpful to address methods for 
setting DRIs for infants and children. 

• The paradigm needs to be enlarged to include adaptations for 
DRIs for people who are ill. The DRIs are useful as long as ill-
ness does not change the requirement, but there has not been a 
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systematic examination of conditions for which changes in DRIs 
would be advisable. Considerable work has been done in medi-
cine to determine the effects of specific conditions on nutrient 
requirements. 

• The appropriateness of the model was questioned for food com-
ponents that have not yet been addressed (e.g., phytochemicals). 

 
 

Method Used for Setting the RDA 
 
Several discussants pointed out that variability in requirements is as-

sumed rather than known for most nutrients. Setting the RDA at four 
rather than two standard deviations above the EAR, as suggested by Dr. 
Hathcock, would cover a higher percentage of the population and might 
make sense from the viewpoint of not missing 2 to 3 percent of the popu-
lation. In some cases, however, a higher RDA could make it unrealistic 
to achieve the RDA using traditional foods. The people who are most 
likely to take multivitamin-mineral supplements are the people with the 
highest nutrient intakes, leading to intakes that might be high enough to 
be of concern (see third bullet in this set). 

Considerable discussion centered on approaches to cover a substan-
tial proportion of the population with a polymorphism: (1) increase the 
RDA or (2) recommend genetic testing and individualize the require-
ment? Dr. Stover clarified that individualization of requirements based 
on results from genetic testing probably would not be necessary as long 
as there is enough room between the RDA and the UL. In setting the 
RDA, one would include consideration of the genetic variance, similar to 
what was done in setting the vitamin B12 RDA for persons age 50 years 
and older. In theory, there is no need to individualize requirements unless 
one person's requirement is another person's UL. Dr. Rosenberg com-
mented that bimodal distributions associated with the presence of poly-
morphisms, if not embedded in the population, might result in a need to 
change the model. He believes however, that the variability may be em-
bedded in the variability of the population. 

Dr. Zeisel believes that the measurement of single nucleotide poly-
morphism (SNPs) will be relatively inexpensive (perhaps $100 to obtain 
50,000 SNPs) and widely available within 5 years. Information about 
SNPs is valid over one’s lifetime. Thus, the practice of nutrition may 
well involve telling individuals that they have certain SNPs that increase 
their requirements. Dr. Zeisel would like the DRI process to consider 
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setting the RDA at a level that covers essentially everyone but also not-
ing that the RDA would be lower for people without the SNPs. Several 
discussants expressed concern about possible side effects from recom-
mending too high an intake. For example, if the nutrient affects perinatal 
programming, there could be unforeseen adverse consequences of treat-
ing everyone with a large dose. 

 
 

Communication Problems 
 
Discussants mentioned a variety of ways in which the DRIs can lead 

to communication problems, such as the following: 
 
• Lack of coverage of a large number of people in a country as-

suming that the RDA covers 97 to 98 percent of the popula-
tion—the RDA may be viewed as too low 

• Needs of a given individual may be much lower than the RDA—
the RDA may be viewed as too high 

• High percentages of the population who have intakes of selected 
nutrients that fall below the EAR—the EAR may be viewed as 
too high 

• Different meanings of the AI 
• Lack of correspondence between the carbohydrate RDA and 

AMDR 
 

 
Finding Answers to Questions 

 
Dr. Joanne Guthrie of the Economic Research Service (ERS) of the 

USDA commented that resources are available for testing some of the 
methods proposed in the DRI Assessment Report (IOM, 2000a) and the 
DRI Planning Report (IOM, 2003a). Relevant databases are available. 
The Food Assistance and Nutrition Research Program of the ERS and 
grants programs in some other agencies support research of this type. Dr. 
Guthrie encouraged researchers to collaborate with new partners, such as 
biostatisticians, to make use of the databases. Understanding distribu-
tions by analyzing existing data, for example, would be a good first step. 
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DRI Research Synthesis Database Overview 
and Sample Printout  

 
 
 
 
 
 
 
 

DRI RESEARCH SYNTHESIS DATABASE OVERVIEW 
 

 The research recommendations from the following eight reports 
(Box D-1) on Dietary Reference Intakes (DRIs) have been entered into a 
database to provide ready access to this material.  

Note that the database was derived from the DRI reports and does 
not contain new information. The database is in the form of a Microsoft1 
Access file and a Microsoft Excel file; both files are available on the 
IOM project website (www.iom.edu/DRIresearch2006). The Access file 
contains all the research recommendations in ways that are easily acces-
sible; the database can be searched easily by experienced Access users. 
The Excel file contains all the research recommendations plus other in-
formation (see below), but the accessibility of this information is limited 
by the capabilities of Excel. 

                                                           
1Microsoft Corporate Headquarters, Redmond, WA. 
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BOX D-1 
DRI Reports Included in the Database 

 

 A:  IOM. 1997. Dietary Reference Intakes for Calcium, Phosphorus, Magne-
sium, Vitamin D, and Fluoride. Washington, DC: National Academy Press. 

 B:  IOM. 1998. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vi-
tamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline. 
Washington, DC: National Academy Press. 

 C:  IOM. 2000. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, 
and Carotenoids. Washington, DC: National Academy Press. 

 D:  IOM. 2001. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, 
Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, 
Silicon, Vanadium, and Zinc. Washington, DC: National Academy Press. 

 E:  IOM. 2002/2005. Dietary Reference Intakes for Energy, Carbohydrate, 
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washing-
ton, DC: The National Academies Press. 

 F:  IOM. 2005. Dietary Reference Intakes for Water, Potassium, Sodium, 
Chloride, and Sulfate. Washington, DC: The National Academies Press. 

 G:  IOM. 2000. Dietary Reference Intakes: Applications in Dietary Assess-
ment. Washington, DC: The National Academies Press. 

 H: IOM. 2003. Dietary Reference Intakes: Applications in Dietary Planning. 
Washington, DC: The National Academies Press. 

 
 

Database Fields 
 
• ID No—corresponds to the numerical order of total database 

entries 
• ID Code—a code for internal use that corresponds to the code 

given to each database entry; the letter refers to the report (see 
later section “DRI Reports Included in the Database”  

• Recommendation—full text of research recommendation  
• Designation—determination made from wording in report 

and/or organization of the report 
- Major Knowledge Gaps—research recommendation 

(knowledge gap) in the volume’s summary or whose word-
ing indicated at least one of the following:  it was critically 
needed, critically important, particularly needed, must, or 
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should be explored, merit(s) attention, is/are required. Loca-
tion at the beginning of a section was also considered.  

- Knowledge Gaps—other research recommendations 
- Research Methods 

• Priority Source—describes what text in the report led to the pri-
ority designation or the location of the recommendation in the 
report that led to the priority designation  

• Keywords—main words from the text of the recommendation 
• MeSH2 Terms 
• Type of Rec (Type of Recommendation)—determination made 

from the original text of the recommendation 
 – General Research Recommendation 

– Specific Research Recommendation 
– Research Method 

• Notes 
• Exact Wording of Text—text pulled directly from original DRI 

report  
• Page—page number where recommendation can be found in 

given DRI report 
• Report Citation—citation of the relevant DRI report 
• ISSB—corresponds to particular report on the National Acad-

emies Press ( NAP) website 
• Location/URL—link to exact page (full text) on the NAP website  
 
 

Downloading and Usage Instructions 
 
1. Website: http://www.iom.edu/DRIresearch2006. Click on the link for 

DRI Research Synthesis Database (on the right-hand side of the 
screen). 

2. On the DRI Research Synthesis Database screen: Save the files to 
your computer as follows: click each file; this takes you to a web-
page for that file; click START DOWNLOAD; select the SAVE 
option; in the “Save As” pop-up window choose an appropriate place 
to save the files on your computer. You will probably want to save 
both the Access file (.mdb) and the Excel file (.xls). You may choose 
to download this Accompanying Text file (.pdf), as well. 

3. If you wish to view the database using Access: 
                                                           

2Medical Subject Headings 
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• If you are an experienced Access user: 

– Open the Access file that you have just saved to your com-
puter.  

– Under “Objects/Tables” open the DRI Recommendations ta-
ble, which is the database.  Then use the functions of Access 
to view the data. We have created common Queries and Re-
ports that you may wish to view as described below. 

– If you come across a Research Recommendation ID Code 
that is not in the Access database, look in the DRI-Other 
Text tab in the Excel file as described below. 

• If you are a novice Access user: 
– Open the Access File that you have just saved to your com-

puter. 
– Under “Objects/Reports” you will see numerous lists we cre-

ated for common queries. Open or print any of these lists to 
view the selected data. Since we created over 100 lists, you 
may wish to use the “Groups” function to view lists in spe-
cific categories. This is the easiest way to view 
database entries. To view all the research recommenda-
tions related to calcium, for example, click on the Report 
named “Calcium List;” to view all of the Major Knowledge 
Gaps related to calcium, click on the Report named “Cal-
cium List, Major.”  For any list you can right-click and 
choose print, or double-click to open and view the list. 

4. If you wish to view the database using Excel: 
 

• Open the Excel file that you have just saved to your computer. 
• The first tab (DRI Recommendations) is the database, and you 

can view the entries using the functions of Excel. Note that there 
is not a convenient way to print this tab using Excel, however the 
other tabs are designed to print easily. Access provides the best 
way to view and print the database entries as reports. 

5. Special features of the database, accessible only through Excel in the 
current version: 
• DRI-Other Text tab includes any other text from the DRI Re-

ports that pertains to the research recommendations but was not 
actually used as a research recommendation. At present, printing 
this information from the Excel file is limited to specific data 
fields. 
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• Glossary (DRI Recommendations) tab lists definitions of acro-
nyms, words, and terms used in the DRI Recommendations tab. 

• Glossary (DRI Reports) tab lists definitions of acronyms, 
words, and terms used in any of the eight DRI reports. 

• Keywords tab lists the keywords that were used to categorize the 
research recommendations. This field affects how queries in Ac-
cess categorize the research recommendations. 

• MeSH tab lists some of the Medical Subject Headings terms that 
will be used to categorize the research recommendations. This 
field affects how queries in Access categorize the research rec-
ommendations.  

• Glossary (MeSH) tab lists some definitions used in applying the 
MeSH terms. 

• Numbers tab gives some data about the database. Some of this 
information is listed in Box D-2. 
 
 

BOX D-2 
Numbers of Dietary Reference Intakes Research Recommendations 

 
 Total number of research recommendations: 459 
 Number of records by designation 
 • Major knowledge gaps: 212 (46.2%) 
 • Knowledge gaps: 199 (43.4%) 
 • Research methods: 48 (10.4%) 

 
 

Priority Setting 
 

 The DRI panels were charged with developing prioritized research 
agendas to address research needs in scientific areas related to the DRIs. 
These research recommendations were not intended to provide a basis for 
public policy decisions and should not be interpreted as priorities for 
federal funding of research, which must consider a wide range of re-
search needs in many scientific areas. 
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 The individual DRI panels were guided in the task of priority setting 
by the following text from each report.  
 
A:  The following major research areas are considered the highest prior-

ity in order to more accurately determine the DRIs for calcium, 
phosphorus, magnesium, vitamin D, and fluoride in future reports. 

B:  The Standing Committee on the Scientific Evaluation of Dietary 
Reference Intakes (DRI Committee) agreed to assign highest priority 
to research that has potential to prevent or retard human disease 
processes and to prevent deficiencies with functional consequences. 

 In the judgment of the DRI Committee and its panel and subcommit-
tees, highest priority should be given to research that has potential to 
prevent or retard human disease processes and to prevent deficien-
cies with functional consequences. 

C:  Highest priority is thus given to research that has potential to prevent 
or retard human disease processes and to prevent deficiencies with 
functional consequences. 

D:  Highest priority is given to research that has the potential to prevent 
or retard human disease processes and to prevent deficiencies with 
functional consequences. 

E:  Highest priority is given to research that has the potential to prevent 
or retard human disease processes and to prevent deficiencies with 
functional consequences. 

F:  Highest priority is given to research that has the potential to prevent 
or retard human disease processes and to prevent deficiencies with 
functional consequences. 
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Research Progress Identified by Individuals 
at the Workshop 

 
 
 

 
 
 
 
 

For the convenience of the reader, this appendix uses information 
provided by workshop presenters to indicate progress related to the DRI 
research agenda.  The list, which is derived from slides used in the work-
shop presentations and organized by DRI report, identifies topics that 
have been studied since the release of the respective DRI report and in-
cludes some current investigations.  Nutrients do not appear below if no 
presenter noted substantial progress for them.  Items in the list represent 
the view of the presenter; they do not represent workshop conclusions. 
 
 

Calcium and Related Nutrients 
 
Calcium 

• Adults 
- Relationship of calcium intake with health outcomes—

results from numerous randomized placebo-controlled trials  
- Dairy foods linked to reduced blood pressure 
- Small inverse effect of calcium on body weight—several 

studies 
- Effect of high calcium intake on first kidney stone and on re-

currence 
• Children 

- Better definition of the link between calcium intake and ab-
sorption, especially in adolescents 

- Relationships of vitamin D polymorphisms and mineral me-
tabolism 
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- Early milk consumption linked to reduced fracture risk in 
girls and in women 

- Effects of calcium supplementation—results from several  
intervention trials 

- Racial differences in bone turnover and calcium metabolism  
 
Vitamin D 

• Responses of serum 25-hydroxyvitamin D, parathyroid hormone, 
and non-vertebral fracture to supplementation with vitamin D3— 
a number of studies 

• Vitamin D, and serum parathyroid hormone—one study 
• Vitamin D and bone in adolescents— one study 
 

Magnesium 
• Magnesium depletion studies in rats 
• Positive associations between magnesium intake and bone mass 

and negative associations with diabetes and stroke—several epi-
demiologic studies  

 
Fluoride 

• Relationship of elevated fluoride concentrations to bone mineral 
density and fractures—one study 

 
 

B Vitamins and Choline 
 
Riboflavin  

• Intake data from Ireland 
• Association of riboflavin intake with plasma homocysteine 
• Role of riboflavin supplementation in cataract prevention 

 
Niacin 

• Intake data from Ireland 
• Molecular identification of high- and low-affinity receptors for 

nicotinic acid 
• Flushing mechanisms 
• Effect of niacin on lipid and lipoprotein levels and on glycemic 

control in persons with diabetes and peripheral arterial disease—
randomized trial 
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• Extended-release niacin and progression of atherosclerosis— 
double-blind, placebo-controlled study 

 
Pantothenic Acid 

• Pantothenic acid content of foods and/or vitamins—two studies 
 
Choline 

• Human data on male/female differences in endogenous synthesis 
• Human data on functional markers— two studies 
• Epidemiologic data on risk of birth defects— two studies 
• Choline-betaine relationship to plasma homocysteine in hu-

mans—three studies 
• Choline content of foods 

 
Biotin 

• Histone modification by biotin—one study 
• Holocarboxylase synthetase deficiency and its treatment with 

pharmacologic doses of biotin—one study 
 
Vitamin B6 

• Associations of vitamin B6 and inflammation—four studies 
 
Folate 

• Associations of folic acid fortification with neural tube defects, 
vascular disease, cancer, cognition, others 

• Association between homocysteine concentration and serum 
folate values 

• Interactions of folate with other B vitamins and choline related to 
methylation status 

• Mass spectrometry methods 
• Depletion–repletion study demonstrating adequacy of Recom-

mended Dietary Allowance (RDA) for folate for young women 
of all three methyltetrahydrofolate reductase genotypes 

• Unmetabolized folic acid in serum or plasma—two studies 
 
Vitamin B12 

• New methods for identifying status—in development 
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• Plasma homocysteine and methylmalonic acid values consistent 
with B12 values required to maintain hematological status—one 
study 

 
 

Antioxidants 
 
Selenium 

• Twenty-five genes identified that code for selenoproteins—
characterization is in progress 

• Selenoprotein P as a potential biomarker for selenium status 
• Effect of baseline selenium status on chemopreventive efficacy  
• Selenium and Vitamin E Chemoprevention Trial (SELECT)—

will provide clinical data on possible disease prevention 
 
Vitamin E 

• Much basic science progress 
• Chronic disease prevention studies, especially coronary heart 

disease prevention in high-risk populations 
• SELECT (Selenium and Vitamin E Chemoprevention Trial, a 

second generation trial examining protective effect of vitamin E 
against prostate cancer)—Is benefit limited to smokers (the only 
subjects in ATBC Trial)? 

• Beta-carotene, carotenoids 
• Dermal carotenoid concentrations as a possible new status indi-

cator 
• Chronic disease prevention trial information, with most progress 

in macular degeneration—Age-Related Macular Degeneration 
(AREDS) II will be the first large controlled trial of lu-
tein/zeaxanthin supplementation 

• Macular pigment might serve as an intermediate end point— 
emerging work in measurement and determinants 
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Micronutrients 

 
Vitamin A 

• Effect of vitamin A status on the conversion of plant carotene—
one study 

• The vitamin A activity of plant foods—three studies 
 
Vitamin K  

• Content in foods 
 
Iron   

• Classification of iron-loading syndromes involving hepcidin 
(down regulator of iron transporter) 

 
Zinc 

• Stable isotope methods in children 
• Urine measurement of fractional absorption 
• Fecal monitoring with zinc isotope plus the rare earth element 

dysprosium  
• Isotope dilution method to determine endogenous fecal zinc ex-

cretion 
• Partial fecal and spot urine collections 
• Improved instrumentation—allows lower doses 
• Zinc homeostasis and requirements for children 

- factors that affect fractional absorption of zinc and absorbed 
zinc 

- absorption and the “saturation response model”   
- factors influencing zinc absorption (quantities of ingested 

zinc and phytate) 
 
 

Macronutrients and Energy 
 
Carbohydrate 

• Weight gain with added sugars from certain sources—four longi-
tudinal studies 

• Glycemic effect of the overall diet with respect to diabetes 
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Fatty acids 
• Relationships of n-3 fatty acids to health  
• Health effects of docosahexanenoic acid (DHA) and eicosapen-

taenoic acid (EPA) 
 

Fiber 
• Relationship of high dietary fiber intake to serum C-reactive pro-

tein—two studies, one from the National Health and Nutrition 
Examination Survey (NHANES), one longitudinal 

 
Protein   

• Linear regression of nitrogen balance data to estimate the adult 
requirement  

 
 

Electrolytes and Water 
 
Sodium and Potassium 

• Efficacy of increased potassium intake, alone and in combination 
with reduced sodium intake, on preventing stroke—investigator-
initiated trial proposed 

• Main and interactive effects of potassium and sodium intake on 
bone mineral density—pilot studies underway 

• Reduction in risk of cardiovascular disease events associated 
with sodium reduction 

• Adverse effects of chronic, low-grade metabolic acidosis that re-
sults from an inadequate intake of potassium and its bicarbonate 
precursors—pilot studies underway 

• Effects of potassium citrate and potassium chloride on blood 
pressure 
 
 

Dietary Assessment 
 
• Improvements in the DRIs themselves 

- Some anticipated progress on replacing Adequate Intakes 
(AIs) with Estimated Average Requirements (EARs) and 
Recommended Dietary Allowances (RDAs) 
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- Some anticipated progress on better specifying factors that 
can alter the requirement or the Tolerable Upper Intake 
Level (UL) for specific individuals 

• Improvements in dietary assessment methods 
- Matching of units in food composition tables to those in 

DRIs is nearly complete 
- Automated Multiple Pass Method for obtaining diet recalls 

appears to reduce underreporting 
- The combination of diet recall and propensity questionnaire 

may improve estimates of usual intake 
- Observing Protein and Energy Nutrition (OPEN) Study has 

led to better understanding of errors 
- Some progress made in quantifying intakes from dietary 

supplements (2 days in NHANES 2007–2008) 
- National Cancer Institute method developed for estimating 

the usual intake of foods, should also work for nutrients  
• Better statistical methods 

- Iowa State University (ISU) method and software more 
available 

- Method for predicting individual usual intake in NHANES 
2003–2004 

• Development of tools to help professionals use DRIs correctly  
- Some progress in developing and extending software to as-

sist users with new methods 
- Agricultural Research Service tables report proportions of 

the population having intakes below EARs, as applicable 
 

 
Dietary Planning 

 
• Determining usual intake distributions of specific population 

groups in the United States—(What We Eat in America) 
• Relationship between foods offered and nutrient intake 

- Some insight from food folate fortification  
• Food guide development and evaluation 

- New U.S. food guide 
- Canada’s food guide under development using a modeling 

approach 
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• Application of DRIs for food and supplement labeling—Institute 
of Medicine report released in 2003, awaiting Food and Drug 
Administration rule 

• Communication and education of nutrition professionals regard-
ing correct uses of DRIs 
- e-learning course available for a fee 
- various journal articles 
- DRI Summary Report nearing release 
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Listing of Possible Topics for Research 
Identified by Individuals During the Workshop 
 

 
 
 
 
 
 
 

This list, which is based on the transcript of the meeting, reflects 
suggestions made by presenters.  It was prepared for the convenience of 
the reader.  It should not be construed as representing recommendations 
or consensus statements.   
 
 
Calcium and Related Nutrients 

• Concentration of 25-hydroxyvitamin D—abbreviated as 25-
(OH)D—needed for musculoskeletal end points/optimal circulat-
ing concentration 

• Standardization of 25-(OH)D assays  
• Better quantitation of the vitamin D content of foods   
• Potential problem of low phosphorus intake, especially by older 

individuals  
• Effect of the increasing use of calcium supplements on the 

bioavailability of phosphorous 
• Effect of anabolic agents for the treatment of osteoporosis on the 

need for phosphorus  
 
B Vitamins and Choline 

• Cataract production as a possible end point for setting the ribo-
flavin Estimated Average Requirement (EAR) 

• Peripheral vascular disease function as an end point for niacin 
optimization  

• Genomic effects related to possible new indicators for setting an 
EAR for biotin 
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• Possible adverse effects of pyridoxine (vitamin B6) supplementa-
tion on the inflammatory response 

• Possible adverse effects of unmetabolized folic acid in the serum 
• Consideration of genetic variation and  relevant parameters in 

determining the need for individual recommendations for B vi-
tamin requirements.   

 
Antioxidant Nutrients 

• Selenoprotein P as a possible indicator for setting the EAR for 
selenium 

• Health risks associated with marginal selenium intake 
• Benefits of supplemental selenium as related to selenium status 
• Mechanisms responsible for selenium's health effects 
• The alpha-tocopherol, gamma-tocopherol, and delta-tocopherol 

contents of foods 
• Biological activity of various vitamin E forms in humans 
• The dose-dependence of carotenoid effects on health 
• Effects of polymorphisms on the efficacy of antioxidant nutrients 
• The role of oxidative stress in chronic disease development of 

biomarkers of oxidative stress 
• Relationships of increased risk for oxidative stress (caused by 

smoking, intense physical activity, high altitude, and genetic 
predisposition) to requirements for antioxidant nutrients 

• Predictive value of markers of oxidative stress for clinical end 
points 

• Subgroup effects, smoking especially, which persist for antioxi-
dant nutrients 

• Should antioxidant nutrients be addressed more comprehensively 
for DRIs?  

• Risk and benefit curves for lutein, zeaxanthin, lycopene, and se-
lenium chemical species and modulators for possible use in set-
ting DRIs 

 
Micronutrients 

• Roles of vitamin K in coronary artery disease and in brain func-
tion 

• Human studies to examine links of neuropsychological outcome 
measures or other measures of cognitive function with vitamin K 
status 
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• End points related to nutrient toxicity 
• Vitamin A and gene expression profiles 
• Bioavailability and metabolism of menaquinones, and the roles 

of menaquinones in vitamin K and sphingolipid metabolism 
• Classifications of iron-loading syndromes with identification of 

the central role of hepcidin  
• The relationship between iron status and infections such as HIV 

and tuberculosis 
• Status indices related to iron and cognition 
• Food-specific bioavailability questions  
• Biomarkers of zinc status, primarily genomic or proteomic, to 

correlate with functional outcomes such as immunity 
 
Macronutrients 

• The need, if any, for a Tolerable Upper Intake Level (UL) for 
functional fiber 

• The lowest levels of saturated fat, trans fat and cholesterol that 
are consistent with a healthy diet and that may cause a low but 
acceptable amount of harm 

• Mechanisms explaining why formerly obese persons may need 
60 to 90 minutes of physical activity daily to maintain weight 
loss 

• Behavioral, environmental, policy, and other factors that help 
people adhere to a physical activity and exercise strategy to help 
maximize their potential for maintenance of weight loss 

• Consideration of differences in body composition and fat-free 
mass in studies related to energy 

• Effects of feeding functional fibers on measurements such as 
blood cholesterol, C-reactive protein, microflora, stool weight 

• Levels of intakes at which the onset of relevant health risks (e.g., 
obesity, coronary heart disease) occur 

 
Electrolytes and Water 

• For persons with kidney dysfunction, the point at which potas-
sium intake poses a risk for harm rather than benefit 

• Assessment of the protective effect of potassium-rich diets in 
blunting the adverse effects of sodium intake—basis for a rec-
ommended ratio of sodium intake to potassium intake 
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Infants and Children 
• Analysis of breast milk, collected appropriately 
• Nutrient intake data (especially from complementary foods) re-

lated to biomarkers that are validated in children 
• Studies with stable isotopes and nanotracers to determine vita-

min and mineral bioavailability, to investigate kinetics, and pos-
sibly to estimate change in pool size on different vitamin intakes 

• Doubly-labeled water studies to measure energy expenditure and 
water turnover 

• Determination of vitamin D requirements based on relationships 
of intake with 25-(OH)D, parathyroid hormone, bone markers, 
etc. 

 
Tolerable Upper Intake Levels 

• Translation of animal data to human health outcomes, which re-
quires knowledge of the mechanisms   

• Chronic studies 
• Interactions of multiple nutrients and health end points 
• Risk/risk models that address the risks of two different materials 

in a single food and differences in the risks of a single nutrient 
under various circumstances 

• Sharper end points of adverse effects 
• Dose–response analyses with larger numbers 
• Depletion–repletion studies for adverse effects if feasible and 

ethical; otherwise, development of methods to obtain better in-
formation from cohort studies 

• Validated surrogate markers of risk  
 
Applications 

• Relative importance of reducing the percentage of the population 
with inadequate intakes across the different nutrients 

• Health and statistical considerations in selecting targets for the 
percent inadequate across nutrients 

• Investigation of frequency questionnaires for systematic bias in 
intake estimates 

• Determination of dietitians’ methods of applying DRIs in their 
practices 
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New and Underutilized Research Techniques 
• Genotyping, epigenetics, and imprinting—including the assess-

ment of effects of single nucleotide polymorphisms (SNPs) on 
variability in requirements and/or ULs 

• The use of first principles and discovering overlooked earlier 
findings 

• Studying monogastric farm animals, as to find surrogate meas-
ures for dose–response studies 

• Relationships of DRIs with long-term health 
• Use of genetics to help predict who will benefit from a specific 

dietary treatment 
• Use of metabolomics to distinguish individuals with a covert 

health problem from normal individuals and to analyze composi-
tion of food 

• Assessment of methods for determining individual risk of 
chronic disease outcomes 

• Delineation of specific genetic variants that contribute to wide 
interindividual variation in responses to dietary cholesterol and 
dietary fatty acids—considering low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) cholesterol, and 
triglycerides. 

• Identification of mechanisms whereby early nutritional experi-
ences, such as dietary cholesterol and dietary fat intake, affect 
the atherosclerotic process and identification of the sensitive pe-
riods in development when this may occur. 

 
General 

• Setting DRIs for children 
• Roles of genetic polymorphisms when revising DRIs 
• Differential responses, based on SNPs, to classical depletion–

repletion studies 
• Development of a framework for establishing impacts and cut-

offs for genetic variation that addresses two major points:  (1) 
How prevalent do these polymorphisms have to be to warrant 
genotype specific recommendations? and (2) What is the pene-
trance—that is, what is the genetic contribution of variation 
compared to the overall variation requirement—and is that pene-
trance sufficient to warrant genotypic-specific results on which 
to base nutrient recommendations for subgroups? 
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• A disease prevention approach that involves targeting the mo-
lecular antecedents of disease, such as molecular antecedents for 
cancer  

• If a nutrient has beneficial effects at doses much higher than 
needed for the prevention of deficiency, how should this affect 
the setting of EARs and RDAs? 

• If a nutrient prevents an adverse outcome in one subgroup but 
not in another, how can this information be incorporated into a 
DRI process? 

• Should the concept of a range of nutrient intake be reconsidered, 
or is there some other method to incorporate information about 
disease prevention (including subgroup-specific information) 
into the DRI process?  

• Development of a standard approach for setting an AI 
• Should an Adequate Intake (AI) be set for a nutrient that has no 

known essential functions in humans? 
• Can the process of setting ULs be made more systematic—one 

that consistently uses a decision tree approach?   
• Could risk assessment methodology be used to evaluate the 

lower end rather than just the upper end of nutrient risk? 
• New concerns for ULs related to epigenetic effects and genetic 

rescue 
• Can the UL concept be expanded to include a numerical value 

for nutrients for which an adverse effect or a toxicity has not 
been clearly established?  

• Are separate UL values needed for different forms of a nutrient?   
• Methods to apply the DRI process to chronic diseases 
• The meaning of “healthy population” in relation to setting DRIs 
• Setting ULs for nutrients for which there is a direct progressive 

relationship between intake and occurrence and/or severity of the 
adverse effect but for which there is no threshold 

• Criteria and methods for adjusting nutrient recommendations, as 
for age, size  

• A basis for expressing DRIs as densities or ratios 
• Consumer communication research 
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Acronyms and Abbreviations 
 

 
 

 
 
 
 
 
 
 

25-(OH)D 25-hydroxyvitamin D  
 
ACE Angiotensin converting enzyme  
ADMIT Atherosclerotic Disease Multiple Intervention Trial 
AI Adequate Intake 
AMDR Acceptable Macronutrient Distribution Range 
ARBITER Trial Arterial Biology for the Investigation for the 

Treatment Effects of Reducing Cholesterol  
AREDS Age-Related Macular Degeneration Study  
 
BP Blood pressure 
 
CNPP Center for Nutrition Policy and Promotion 
CRIC Chronic Renal Insufficiency Cohort 
CRP C-reactive protein 
CSFII Continuing Survey of Food Intake by Individuals 
cSHMT Cytoplasmic serine hydroxymethyltransferase 
C-SIDE Software that implements methods to estimate the 

usual intake distributions, available through Iowa 
State University 

CVD Cardiovascular disease 
 
DBP Diastolic blood pressure 
DFE Dietary folate equivalents 
DHA Docosahexaenoic acid 
DNA Deoxyribonucleic acid 
DRI Dietary Reference Intake 
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EAR Estimated Average Requirement 
EDTA Ethylendiaminetetraacetic acid 
EPA Eicosapentaenoic acid 
ERS Economic Research Service 
 
FAD Flavin-adenine dinucleotide 
FAO Food and Agricultural Organization of the United 

Nations 
FMN Flavin mononucleotide 
 
GI Gastrointestinal 
 
HDL-C High-density lipoprotein cholesterol 
HIV Human immunodeficiency virus 
 
IAAB Indicator amino acid balance 
IAAO Indicator amino acid oxidation 
ISU Iowa State University 
 
LDL Low-density lipoprotein 
 
MeSH Medical Subject Heading 
MTHFD1 Methyl-tetrahydrofolate dehydrogenase 1  
MTHFR Methylenetetrahydrofolate reductase 
 
NAP National Academies Press 
NCI National Cancer Institute 
NHANES National Health and Nutrition Examination 

Survey—a survey conducted periodically by the 
National Center for Health  Statistics, Centers for 
Disease Control and Prevention 

NHBLI National Heart, Lung, and Blood Institute 
NIH National Institutes of Health 
NYC Health Dept New York City Health Department 
 
OPEN Observing Protein and Energy Nutrition Study 
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PEMT Phosphatidylethanolamin-N-methyltransferase 
PLCO Prostate, Lung, Colorectal and Ovarian Cancer 

Cohort 
PLS-DA Partial Least Squares for Discriminant Analysis. A 

multivariate inverse least squares discrimination 
method used to classify samples 

PTH Parathyroid hormone 
 
RAE Retinol activity equivalents 
RDA Recommended Dietary Allowance 
 
SBP Systolic blood pressure 
SELECT Selenium and Vitamin E Chemoprevention Trial  
SNDA School Nutrition Dietary Assessment Studies 
SNP Single nucleotide polymorphism 
SUVIMAX Suppléments en Vitamines et Minéraux Antioydants 
 
TEE Total Energy Expenditure 
TfR Transferrin receptor 
TNF-alpha Tumor necrosis factor-alpha  
 
UL Tolerable Upper Intake Level 
USDA U.S. Department of Agriculture 
   
WHO World Health Organization 
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