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1 

 
 

Overview* 
 
 
 
 
 
 
 
 
 

For more than two decades, the practice of risk assessment has been 
applied to human public health issues, and policy makers have used the 
results of risk assessments in their decision-making process. Approaches 
for risk assessment have been developed for nonnutrients such as drugs, 
food additives, and pesticides, but approaches for risk assessment have 
received less attention in the nutrition area. Some aspects of the risk as-
sessment approach used for nonnutrients are applicable to the assessment 
of risks related to nutrition (called nutritional risk assessment in this 
workshop summary). The overall approach, however, must be adapted 
and modified to take into account the unique aspects of nutrients, includ-
ing the fact that both high and low nutrient intakes are associated with 
risk. Experience with the application of a risk assessment process to the 
setting of upper levels of intake for essential nutrients, for example, has 
uncovered a number of challenges. Adapting and developing risk as-
sessment strategies for application in nutrition science could lead to im-
proved approaches to the development of dietary and nutritional 
recommendations and thus is a topic of considerable interest.  

One nonscientific but overall challenge to nutritional risk assessment 
relates to increasing and improving communication among experts from 
key disciplines in ways that could inform the nutritional risk assessment 
process. Among these key disciplines are nutrition, toxicology, dietary 
exposure assessment, economics, risk analysis, and epidemiology. 
How can the perspectives and methods of these diverse fields be brought 

                                                           
*The planning committee’s role was limited to planning the workshop, and the work-

shop summary has been prepared by the workshop rapporteurs as a factual summary of 
what occurred at the workshop. 
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together to develop more effective approaches for quantitative nutritional 
risk assessment? How can they be applied to a spectrum of topics 
related to food and nutrition—micronutrients, macronutrients, dietary 
supplements, whole foods, food groups, and dietary patterns? How 
can they help overcome the data challenges that confront nutritional 
risk assessors?  

As a step toward improving the communication and sharing methods 
and information across disciplines, members of the Interagency Risk As-
sessment Consortium, the U.S. Health and Human Services Office of the 
Assistant Secretary for Planning and Evaluation, the Institute of Medi-
cine’s Food Forum, and the International Life Sciences Institute planned 
the Nutritional Risk Assessment Workshop. The workshop was held on 
February 28 and March 1, 2007, in Washington, D.C. This workshop, 
which was envisioned as one in a series, focused on opening a dialogue 
to explore the unique questions and challenges faced by nutritionists and 
the potential use of risk assessment methodologies to answer them.  

Specifically, the workshop served as a forum for experts from vari-
ous disciplines to 

 
• discuss the strengths and challenges of using various risk as-

sessment approaches to inform dietary and nutritional  
recommendations, 

• explore the use of risk assessment approaches to evaluate 
standards for nutrient intake and the relationship of diet and 
nutrition to chronic disease risk, and 

• identify next steps necessary to make progress in these areas. 
 
After a brief introduction by Catherine E. Woteki and Robert L. 

Buchanan, panels of experts provided an overview of risk assessment as 
it relates to nutrition; explored ways to share risk assessment approaches 
used by different groups; addressed challenges related to dietary patterns 
and health outcomes; identified new developments and challenges related 
to genetics, dietary intake assessment, and food composition data; and 
listed numerous data gaps. Twenty-two experts from many fields gave 
formal presentations, and members of the audience broadened perspec-
tives and added information during open discussion periods. The sessions 
were meant to offer an organized dialogue among the experts. With this 
in mind, various experts presented information on a range of methodo-
logical challenges of nutritional risk assessment and on approaches that 
might be used to address the challenges. Many speakers mentioned the 
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risk assessment process used to establish Tolerable Upper Intake Levels 
as part of the process for setting Dietary Reference Intakes. This risk as-
sessment model appears in Figure O-1. During the wrap-up session, 
moderator Robert Buchanan and five other individuals—from the food 
industry; the federal government; and the risk assessment, consumer in-
terest, and public health communities—provided their perspectives and 
highlighted challenges and potential solutions. 

This report is a summary of the workshop presentations and dis-
cussions. The meeting transcripts and slides used during the presenta-
tions served as the basis for the summary. Some of the content was 
reorganized for improved clarity. Many of the topics addressed during 
open discussions were closely related to topics highlighted during the 
wrap-up session. Therefore, most of the relevant content from the open 
discussions appears in Chapter 6, Perspectives on Challenges and Solu-
tions: Summary Remarks and Suggested Next Steps. 

Chapter 6 also summarizes the topics identified during the presenta-
tion and discussion as meriting more attention. Among these topics were 
the following: 

 
• expanding the application of risk assessment in the processes of 

setting Dietary Reference Intakes and of developing various nu-
trition guidelines, 

 
 

 
 
FIGURE O-1 Risk assessment model for nutrient toxicity. 
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• incorporating new dietary intake assessment methods and ele-
ments of the evidence-based review method into nutritional risk 
assessment, 

• addressing uncertainties more explicitly, 
• achieving a more complete separation between risk assessment 

and risk management, 
• holding a workshop to test a risk assessment model for a  

nutrient, 
• conducting methodological research related to nutritional risk as-

sessment, and 
• developing strategies for data collection related to nutritional risk 

assessment. 
 
In addition, attention was directed to the need for improved commu-

nication targeted to consumers. Some presenters and discussants ex-
pressed strong viewpoints or made recommendations. Their viewpoints 
and recommendations should not be viewed as workshop conclusions or 
recommendations. 

The agenda for the workshop appears in Appendix A, and Appendix 
B lists the workshop participants. Appendix C contains biographical 
sketches for the presenters, moderators, and discussants. Appendix D 
lists acronyms and abbreviations used throughout this workshop. 

The workshop was supported jointly by the Department of Health 
and Human Services Office of the Assistant Secretary for Planning and 
Evaluation, the Interagency Risk Assessment Consortium, the Interna-
tional Life Sciences Institute Research Foundation, and the Institute of 
Medicine’s Food and Nutrition Board’s Food Forum.  The following In-
teragency Risk Assessment Consortium members provided financial 
support: Department of Health and Human Services, Food and Drug 
Administration, U.S. Department of Agriculture (Agricultural Research 
Service and the Office of Risk Assessment and Cost–Benefit Analysis). 
In addition, the members of the Nutritional Risk Assessment Work 
Group of the Interagency Risk Assessment Consortium are acknowl-
edged for their involvement. 
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1 
 

Introduction 
 

Presenters: Catherine E. Woteki and Robert L. Buchanan 
 
 
 
 
 

 
CONTEXT 

 
Risk assessment methods and their applications in food and nutrition 

have evolved considerably over the last 20 years. Concurrently, there 
have been important developments in approaches to assessing data sets, 
in statistical techniques, and in the fields of genetics, genomics, pro-
teomics, and metabolomics. Many of these developments provide in-
sights into how food affects human health. Risk assessment applications 
now occur in areas that originally were not considered to be in the risk 
assessment realm. Among these are applications of risk assessment to the 
microbiological safety of foods and human nutrition. This workshop was 
designed to bring together experts from many fields to consider what has 
been learned about the application of risk assessment to various food- 
and nutrition-related problems, to discuss the strengths and challenges in 
using risk assessment methods to inform the setting of dietary and nutri-
tional recommendations and other forms of decision making, and to sug-
gest next steps for making progress in these areas. 

Catherine Woteki welcomed the group on behalf of the Food Forum, 
one of the cosponsors of the workshop. The Food Forum is a group of 
representatives from government agencies and academia and scientists 
from the food industry that operates under the auspices of the Food and 
Nutrition Board of the Institute of Medicine. The Food Forum discusses 
food-related topics ranging from risk assessment to aspects of consumer 
behavior. The activities in which the Food Forum is involved provide a 
venue for dialogue and for exploring the dimensions of different issues, 
but they do not result in recommendations. 
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Robert Buchanan described how this workshop grew out of a project 
undertaken as part of the Interagency Risk Assessment Consortium. This 
consortium is a group of 17 federal agencies and organizational units 
within those agencies that meet to find ways to enhance the application 
of risk assessment to food issues. Two years ago, the consortium recog-
nized that work by the World Health Organization (Source: http://www. 
who.int/ipcs/methods/ew [accessed July 10, 2007]) and others would 
lead to increased interest in the application of risk assessment methods to 
nutritional questions. Thus, the consortium worked to help plan this 
workshop that was designed to provide a forum for the discussion of the 
potential of risk assessment approaches to inform diet- and nutrition-
related recommendations and decisions. Buchanan acknowledged Laina 
Bush within the Office of the Assistant Secretary for Planning and 
Evaluation of the U.S. Department of Health and Human Services for her 
efforts and support. 

Woteki expressed special thanks to the Interagency Risk Assessment 
Consortium for its instrumental role in planning the workshop. Woteki 
also expressed appreciation to the other cosponsors: the Food and Drug 
Administration; the Assistant Secretary for Planning and Evaluation of 
the U.S. Department of Health and Human Services; the Agricultural 
Research Service and the Office of Risk Assessment and Cost Benefit 
Analysis, both of the U.S. Department of Agriculture; and the Interna-
tional Life Sciences Foundation. 

 
 

OBJECTIVES OF THE WORKSHOP 
 
A major objective of the workshop was to introduce the nutrition and 

risk assessment communities to each other and foster their collaboration. 
The more specific objectives of the workshop follow: 

 
1. Discuss the strengths and challenges of using various risk  

assessment approaches to inform dietary and nutritional  
recommendations. 

2. Explore the use of risk assessment approaches to evaluate stan-
dards for nutrient intake and the relationship of diet and nutrition 
to chronic disease risk. 

3. Identify next steps necessary to make progress in these areas. 
 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

7 

2 
 

Risk Assessment and Nutrition: 
Sharing Perspectives 

 
 
 
 
 
 
 
 

Communication among members of different but related fields can 
be useful in addressing complex topics—in this case, nutritional risk as-
sessment. This chapter addresses relationships between risk assessment 
and nutrition from the perspective of a risk assessor, a nutritional epide-
miologist, a nutritionist in the food industry, and a physician working in 
prevention for the federal government. In particular, it addresses classical 
risk assessment processes and how they might be related to nutritional 
risk assessment, the questions and the challenges that nutrition poses for 
risk assessors, and selected applications of risk assessment in the food 
industry and the federal government. 

 
 

A RISK ASSESSOR’S PERSPECTIVE: 
WHAT QUESTIONS CAN RISK ASSESSMENT ANSWER? 

 
Presenter: Joseph Rodricks 

 
Risk assessment is an activity that provides a crucial link between 

regulatory and public health policy decision making. It offers a highly 
systematic framework within which information can be organized and 
evaluated to serve the practical needs of decision makers. It provides in-
formation on what can and cannot be learned from the available research 
about threats to human health. Joseph Rodricks identified the focus of 
risk assessment, briefly described the risk assessment process, outlined 
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risk assessment questions related to the types of data, mentioned the ap-
plication of risk assessment to nutritional risk, and identified topics for 
future efforts. 

 
 

The Focus of Risk Assessment 
 

According to Rodricks, two major questions are the focus of risk 
assessment: 
 

1. What is the probability (preferably expressed quantitatively) that 
adverse health effects will occur in individuals exposed to an 
agent (whether it is a chemical, biological, or physical agent) or 
activity? 

2. Under what conditions of exposure to an agent or activity are in-
dividuals unlikely to incur adverse health effects? 

 
The use of risk management activities for risk assessment is inappro-

priate. Risk management activities include the identification of when 
risks become excessive or intolerable, the factors that should be consid-
ered in making decisions to reduce risks, and the means that should be 
used to reduce or manage risks. 

 
 

The Risk Assessment Process 
 

The process of risk assessment, which underwent its first major re-
view by the National Research Council in 1983 (NRC, 1983), is a pro-
cess that is still evolving. Figure 2-1 depicts the risk assessment process 
and features the key role of the decision-making context in designing a 
risk assessment. 

Many years of experience have demonstrated that preservation of the 
integrity of the process requires the following: 

 
• delineation of the problem to be addressed (the decision to be 

made), 
• mechanisms to ensure interactive dialogues among all parties in-

volved in risk assessment, 
• clear identification of the questions to be addressed by risk  

assessment, 
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• the availability of the technical resources needed for risk  
assessment, 

• protection of the integrity of the risk assessment process by en-
suring that decision makers (the risk managers) and others can-
not exert influence on the risk assessors, 

• careful descriptions of the uncertainties involved in the risk  
assessment, 

• complete coverage of the risk questions, 
• adequate scientific peer review, and 
• the clear presentation of results so that they may be understood 

by decision makers and other parties. 
 
Although these points may seem obvious, they are often overlooked. 

In addition, with regard to the presentation of results, those who provide 
results from risk assessments need to recognize that many people do not 
understand probabilities. 

 
 

 
 
FIGURE 2-1 Steps in the risk assessment process. Note that hazard is an 
inherent property of the agent; it is not equivalent to risk. 
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Questions and Default Options Related to Types of Data 
 
In risk assessment, the nature of the data leads to different types of 

questions. These questions are listed in Box 2-1. 
 The publication Risk Assessment in the Federal Government (NRC, 
1983) notes that several default options may be available for addressing 
variability within populations, variability across species, and other fac-
tors that affect the findings of studies. Default options are policy judg-
ments on how to accommodate uncertainties. That is, default options are 
used to make inferences in the absence of convincing evidence that indi-
cates which of several competing methods or models is correct. An ex-
ample of a default option is the scaling factor that is to be used to convert 
test responses in rodents to estimated responses in humans. 

 
 

BOX 2-1 
Risk Assessment Questions Related to Types of Data 

Hazard and dose—response data 
Derived from human studies 

• What is the dose—response relationship? 
• Is there a biological basis for a threshold? 
• What is the probable threshold dose in the population that is the sub-

ject of the risk assessment? (This is a key question that requires the 
consideration of interindividual variability.) 

Derived from animal studies 
• Are the observed hazards relevant to humans? 
• Is there an observed threshold dose? 
• What is the probable threshold does in the human population that is 

the subject of the risk assessment? 
 (These questions deal with problems of cross-species and interindi-

vidual variability.) 

From several studies that report different findings 
• How does one select among studies for the assessment of risk? 
 

Exposure (dose) data 
• How does one handle exposure data when the doses incurred by the 

relevant population are lower than the doses for which hazard data 
are available? (That is, how does one extrapolate data for exposures 
to high doses or to exposures to low doses?) 

• How can negative data be used in defining risk? 
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Although the selection of default options introduces controversy, it 
ensures consistency and minimizes the possibility of the inappropriate 
manipulation of the findings from risk assessments. Default options tend 
to be cautious, potentially erring on the side of safety. In individual 
cases, a departure from the default may be allowed if it is well supported 
by the evidence (NRC, 1983). 
 
 

Applying Risk Assessment Methods 
to Nutritional Risk Assessment 

 
Although risk assessment cannot compensate for a lack of data and 

knowledge, it can guide research. There is a need for experimental 
models that can be used to study excessive nutrient intakes. Current 
thinking predicts a threshold for inadequate intakes, a threshold for 
excessive intakes, and a region between the two that is a condition of 
homeostasis. The extent to which the tails of the distribution of intakes 
for a nutrient fall outside the range of homeostasis provides a description 
of the nutrient intakes that may result in health risks. 

 
 

Concluding Remarks 
 
Rodricks identified five important topics for future efforts: 
 
1. development of consensus guidelines for the extrapolation of the 

findings and data from previous studies and other default options 
for future risk assessments; 

2. determination of the certainty of evidence supporting  
homeostasis; 

3. examination of how the range of homeostasis varies among 
individuals, including the consideration of people who differ by 
life stage (growth, development, reproductive state, aging), 
nutritional status, and, perhaps, health status; 

4. useful ways to describe individual and population risks given the 
variabilities mentioned above; and 

5. improved methods for describing scientific uncertainties to 
decision makers and others. 
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A NUTRITIONAL EPIDEMIOLOGIST’S PERSPECTIVE: 
RELEVANT ISSUES IN NUTRITIONAL RISK ASSESSMENT 

 
Presenter: Shiriki Kumanyika 

 
Given that food is a human need and a universal exposure, dietary in-

takes can be evaluated as positive, negative, or neutral for health. Shiriki 
Kumanyika addressed the kinds of questions that are pertinent to nutri-
tional risk assessment and the methods used to quantify nutritional risk. 
She then identified challenges to the assessment of nutritional risk. 

 
 

Framing the Questions 
 
In the United States, many different groups pose questions about nu-

tritional risk. These groups include the Institute of Medicine’s Food and 
Nutrition Board; various agencies of the federal government that address 
health, food safety, and food regulation; the Dietary Guidelines Advisory 
Committee; disease-focused organizations, such as the American Heart 
Association and the American Cancer Society; life-stage interest groups, 
such as the American Academy of Pediatrics and the March of Dimes; 
the food industry; and consumers. The nature of the questions reflects the 
group’s interest or responsibility. Consumers’ perceptions of risk, how-
ever, often do not match the risks identified by other groups. 

 
 

Types of Risk 
 
In nutrition, risk may take a number of forms, including 
 
• the adequacy–toxicity continuum as it relates to the direct effects 

of essential nutrients; 
• food-borne illnesses, including allergies; and 
• the broad areas of the effects of diet on health as they relate to 

the prevention and management of chronic diseases. 
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Population Considerations 
 
Risks vary within populations. Population considerations that are 

important in assessments of nutritional risk include life stage, genetics, 
environmental stressors, behaviors (such as smoking) that influence nu-
trient requirements and metabolic vulnerability, and health status. Ethnic 
differences may need to be considered for some nutrients, such as so-
dium, potassium, and calcium. 

 
 

Food and Nutrition Variables 
 
A wide range of dietary substances may pose risks. These substances 

include proteins, fats, carbohydrates, fiber, vitamins, and minerals that 
occur naturally in foods or that are added to foods or taken as supple-
ments; other naturally occurring food constituents; contaminants; toxins; 
mutagens; botanicals; other nonnutrient dietary supplements; and alco-
hol. The category “other naturally occurring food constituents” includes 
an array of substances ranging from anthocyanins to sulfides (allium) 
(Van Duyn and Pivonka, 2000). In addition to individual food compo-
nents and supplements, other food and nutrition variables may affect risk 
either positively or negatively. These variables include specific foods; 
food processing and preparation methods; and entire dietary patterns, 
which entail interactions within the mix of nutrients and foods con-
sumed. The complexity that is integral to the food supply and dietary 
patterns adds to the complexity of risk assessment. 

 
 

Outcomes 
 
Physiological indicators of the effects of diet on health include 

changes related to growth; adipose tissue; musculoskeletal tissue; me-
tabolism; cognitive function; and the gastrointestinal, cardiovascular, 
reproductive, immunological, and neurological systems (Task Force on 
Community Preventive Services, 2005). Health outcomes of major public 
health importance for assessing the effects of diet include cardiovascular 
diseases, different types of cancers, type 2 diabetes mellitus, obesity, 
dental caries, and osteoporosis (WHO, 2003). Each of these diseases has 
subcategories. Many reversible intermediates (e.g., hypertension and  
elevated low-density lipoprotein cholesterol concentrations) occur be-
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tween dietary intakes and possible morbidity and mortality outcomes. 
Multiple pathways and multiple targets also add to the complexity of risk  
assessment. 

The effects of a single nutrient substance may involve many different 
pathways (Blumberg, 1997). For example, many nutrients and food vari-
ables could affect the risk of the same disease, but in different ways. For 
example, increased intakes of soluble fiber and vitamin B6 could help 
prevent cardiovascular disease, whereas increased intakes of saturated fat 
and sodium could increase the risk (Blumberg, 1997; Esrey, et al., 1996). 
Another element of the complexity is that many of the cellular and bio-
chemical mechanisms that play a role in the pathogenesis of major 
chronic diseases appear to be interrelated (Deckelbaum et al., 1999). 

 
 

Quantification of Nutritional Risks 
 
The quantification of nutritional risks informs guidance to the public 

about diet and supplement intake. Two major groups have worked to 
quantify nutritional risks in the United States: (1) the Food and Nutrition 
Board of the Institute of Medicine, which developed the Dietary Refer-
ence Intakes (DRIs), and (2) the Dietary Guidelines Advisory Committee 
(advising the U.S. Department of Health and Human Services and the 
U.S. Department of Agriculture, which jointly publish the Dietary 
Guidelines for Americans). 

Published DRIs include values for Estimated Average Requirements 
(EARs), Adequate Intakes, Recommended Dietary Allowances (RDAs), 
and Tolerable Upper Intake Levels (ULs) for 45 nutrients or nutrient 
categories (IOM, 2006). In some cases, EARs and ULs were not set be-
cause of a lack of data. The 2005 Dietary Guidelines for Americans 
(DHHS/USDA, 2005) provide nine focus areas, ranging from adequate 
nutrients within calorie needs to food safety. Themes in the 2005 Dietary 
Guidelines for Americans include calories needed to achieve desirable 
weight; limits on total and saturated fat and cholesterol intakes; the con-
sumption of a variety of foods, with an emphasis on plant sources; mod-
erate sugar and salt intakes; and alcohol consumption in moderation, if 
used. The advisory committee that encouraged these themes considered 
adequacy, the avoidance of excess or toxic amounts of nutrients, and the 
prevention of chronic illness (DGAC, 2005). 
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Concluding Remarks 
 
Kumanyika identified the need to address the following challenging 

topics: 
 
• inconclusive or absent data; 
• adverse effects (e.g., on chronic diseases, within the range of nu-

trient intakes that falls between the extremes of adequacy and 
toxicity); 

• the various effects (i.e., sometimes beneficial and sometimes 
harmful) of a given nutrient or diet pattern, depending on the 
level consumed or, perhaps, on the interactions between nutrients 
or food constituents; 

• the safety risks of recommended foods, such as fish; and 
• paradigms that are appropriate for the examination of evidence 

related to chronic disease outcomes and to risks that the con-
sumption of single foods or dietary patterns may pose, as such 
paradigms may differ from those used to address other types of 
outcomes or exposures (IOM, 2002). 

 
A number of the research needs identified by the 2005 Dietary 

Guidelines Advisory Committee (DGAC, 2005) are also relevant to the 
area of nutritional risk assessment. A major challenge rests with address-
ing the complexity of assessing nutritional risk in an acceptable manner. 
Current risk assessment approaches address questions relating to the di-
rect effects of single or relatively specific and selective exposures. How-
ever, there are many types of nutritional risk, many variables, many 
endpoints, and many interactions. The result is a set of very complex 
questions, and the applicability of current methods to addressing com-
plex exposures and multiple possible endpoints is unclear. 

 
 

AN INDUSTRY PERSPECTIVE: HOW THE FOOD INDUSTRY 
USES RESULTS FROM RISK ASSESSMENT 

 
Presenter: Kathryn Wiemer 

 
The food industry actively applies risk management principles in a 

variety of areas, including food safety and nutrition. Kathryn Wiemer 
provided a brief overview of food fortification and illustrated how Gen-
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eral Mills applies risk management principles to discretionary food forti-
fication decisions. The application of risk management principles in-
volves, in part, the use of findings from nutritional risk assessments. 

 
 

Milestones in Fortification History 
 
The food industry informs consumers about food fortification by 

means of the nutrition label. Figure 2-2 depicts milestones in food fortifi-
cation history beginning in 1973, when the FDA established U.S. Rec-
ommended Daily Allowances (U.S. RDAs) for labeling foods, and 
projected to about 2012. The U.S. RDAs differ from the Recommended 
Dietary Allowances (RDAs) mentioned earlier in this chapter. In particu-
lar, the U.S. RDAs were based on the 1968 Recommended Dietary Al-
lowances set by the National Research Council. Beginning in 1993, the 
FDA called for Daily Values (DVs) to replace the U.S. RDAs on nutri-
tion labels, but, despite revisions of the Recommended Dietary Allow-
ances after 1968, the DVs were also based on the 1968 values. 

 
 

1973

1974

1980 1993

1989 1997–2003

2004

2007

USRDAs
established
for labeling

NAS/AMA
criteria for
food
fortification

• Proposed cereal
fortification guidelines

• multivitamin & mineral
supplement regulations
issued

• FDA fortification
policy issued

• Multivitamin and
   mineral supplement

regulation revoked

• Revised RDAs

Revised
RDAs
issued by
FNB/NRC

USRDAs
convert
to DVs but
no change
in values

DRIs and ULs
established by
FNB/IOM

IOM
releases
report on
DRI use in
labeling and
fortification

2008–2012

Projected (?)
FDA
Action:

• Implement
new DV

• Revise
fortification
policy

Projected (?)
FDA Action:
• Revised DV
   Proposal

 
 
FIGURE 2-2 Milestones in food fortification history. 
NOTE: AMA = American Medical Association; DRI = Dietary Reference 
Intake; DV = Daily Value; FDA = Food and Drug Administration: FNB = 
Food and Nutrition Board; NAS = National Academy of Sciences: RDA = 
Recommended Dietary Allowance; UL = Tolerable Upper Intake Level; US 
RDA = U.S. Recommended Daily Allowance. 
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Discretionary Fortification 
 
Discretionary fortification refers to the addition of nutrients to food, 

excluding cases in which the food product is formulated to meet a stan-
dard of identity promulgated by the FDA, such as for enriched flour. 

 
 

Principles 
 
The FDA’s fortification policy (FDA, 1980) outlines principles for 

the addition of nutrients to foods. Although this policy is not a regula-
tion, it provides guidance to the food industry. More recently, the report 
Dietary Reference Intakes: Guiding Principles for Nutrition Labeling 
and Fortification (IOM, 2003) presented guiding principles related to the 
discretionary fortification of foods (Figure 2-3). The guiding principles 
address topics related to risk assessment, such as the distribution of usual 
intakes in the population, how the discretionary fortification would alter 
the dietary intake of the nutrient in question, and, if applicable, the sever-
ity of the adverse effect on which the UL for the nutrient is based. Al-
though these guidelines and recommendations were designed to assist 
regulatory agencies that oversee fortification, the food industry considers 
them as well; and they pose a number of challenges. In particular, when 
 

  
 
FIGURE 2-3 Decision tree for the discretionary fortification of foods. 
SOURCE: IOM (2003). 
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making discretionary fortification decisions, the food industry must con-
sider FDA’s fortification policy, ULs for nutrients, the findings in the 
report Dietary Reference Intakes: Applications in Dietary Assessment 
(IOM, 2001a), public policy on health, including Dietary Guidelines, and 
evolving scientific nutrient research.  
 
 
General Mills’s Approach 

 
General Mills’s approach to discretionary fortification uses FDA’s 

fortification policy (FDA, 1980) as the framework and DRI reports as the 
core. The approach includes the steps shown in Box 2-2. 

 
 

BOX 2-2 
General Mills’s Approach to Discretionary Fortification 

 
1. Initial assessment 

a. Is the food an appropriate vehicle for fortification? 
i. Is it widely consumed? 
ii. Are added nutrients distributed uniformly in the food? 
iii. Are the nutrients stable in the food? 

b. Is there a public health need? 
i. What are typical intakes of the nutrient by the target 

population? 
ii. What are typical intakes of the food by the target popu-

lation? 
c. What level of fortification should be considered? 

i. Are there concerns about possible overconsumption? 
ii. What is the bioavailability of the nutrient form? 

d. What is the current regulatory and health policy environment? 
2. Ongoing assessment and monitoring 

a. DRI nutrient reports (IOM, 1997, 1998, 2000, 2001b, 2002/2005, 
2004) 

b. The DRI report on dietary assessment (IOM, 2001a) 
c. New scientific research pertaining to nutrients 
d. Nutrient intake and biochemical data 
e. Nutrition and health policy 
f. Marketplace assessment 
g. Consumer research 

3. Periodic detailed reviews of new scientific research to determine whether 
or not to recommend changes to the nutrient contents of the company’s 
products 

4. Support and collaboration from internal groups (product research and 
 development, manufacturing, and marketing) 
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One current issue involves the overlap among DVs, Recommended 
Dietary Allowances (RDAs), and ULs, especially since the DVs do not 
change for different age groups whereas RDAs and ULs do. The DV for 
several nutrients is higher than the UL for certain age groups. Wiemer 
directed attention to zinc: the DV is 15 milligrams (mg), but the UL for 
children ages 1 to 3 years (7 mg) is much lower than the DV, and the UL 
for children ages 4 to 8 years (12 mg) is somewhat lower than the DV. 
Meat, fish, and poultry; ready-to-eat cereals; other grain products; and 
milk are the main sources of zinc in the U.S. diet and account for well 
over 67 percent of the total average zinc intake. 

Further analysis of dietary intake data shows that, compared with the 
percentage of people whose zinc intakes are greater than the UL, a higher 
percentage of people are not meeting the EAR for zinc. Estimates indi-
cate that reducing the amount of zinc in cereal would decrease but 
not eliminate the occurrence of intakes by children that exceed the 
UL for zinc. 

Wiemer took the position that industry can and should play a role in 
addressing nutrient intake shortfalls, pointing out several shortfalls iden-
tified in the Dietary Guidelines for Americans (DHHS/USDA, 2005): 
calcium, magnesium, and vitamin D for bone health; whole grains and 
fiber for heart and digestive health; and healthy fats (omega-3 fatty ac-
ids) and potassium for heart health. 

 
 

Concluding Remarks 
 
In summary, Wiemer posed several challenging questions: 
 
1. What is the best approach for interpreting and applying the DRI 

values to discretionary fortification? 
a. Should all UL values have equal weight? (Consider vitamin 

A and zinc.) 
b. What approach is appropriate when UL values for children 

are lower than the current DV or the RDA or EAR for 
adults? 

2. How can the benefit of fortification for one subpopulation be 
balanced against the potential risk of adverse effects for another 
subpopulation? 
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3. What approach will be used to develop ULs for nutrients that are 
being added to foods but for which no UL has been set (for ex-
ample, omega-3 fatty acids)? 

 
 

A PUBLIC POLICY PERSPECTIVE: LIMITATIONS 
OF CURRENT RISK ASSESSMENT METHODS 

FOR DECISION MAKING 
 

Presenter: William Dietz1 
 
The presentation addressed the limitations of current methods for as-

sessing the risk of obesity, the consideration of specific foods and food 
behaviors (rather than nutrients) as risk factors for obesity, and the risk 
of high folic acid intakes to certain subpopulations. William Dietz’s per-
spective is that of a person who is involved in prevention and, therefore, 
in helping make decisions based on the available data. 

 
 

Limitations of Current Methods 
for Assessing the Risk of Obesity 

 
Uncertainties exist about the use of body mass index (BMI) as a pre-

dictor of risk.  Moreover, two of the proximal determinants of BMI—
energy expenditure and energy intake—have limitations. Because these 
two factors are interrelated and can not be examined independently of 
one another, there may not be a threshold effect for either of them in 
terms of the risk for obesity. 

 
 

Energy Expenditure Measurements 
 
Cross-sectional data indicate that obese individuals are less active 

than those who are not overweight. An important meta-analysis 
(Fogelholm and Kukkonen-Harjula, 2000), however, concluded that the 
findings are very mixed from prospective studies of the impact of base-
line physical activity on changes in body fat levels. Using doubly labeled 
water, Bandini and colleagues (1990) found that the total energy expen-
                                                 

1Dr. Dietz made it clear that the views expressed in this presentation were his own 
and should not be construed to represent any agency determination or policy. 
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diture of obese adolescents exceeds that of nonobese youth. As a group, 
the nonresting energy expenditure among preadolescent girls did not 
predict changes in body fat levels over about a 5-year period. Moreover, 
the physical activity level, which is the ratio of total energy expenditure 
to the resting metabolic rate, is similar between obese and nonobese in-
dividuals (Bandini et al., 1990). The type of energy expenditure that is 
most promising as a predictor of weight gain is based on the amount of 
nonexercise type of energy expenditure, such as fidgeting, that an 
individual engages in. However, good measurement techniques are 
not yet available for determining this type of energy expenditure (Dietz 
et al., 1994). 

 
 

Energy Intake Measurements 
 
Bandini and colleagues (1990) found that self-reported metabolizable 

energy intake was substantially lower than measured total energy expen-
diture in adolescents, and the degree of underreporting tended to increase 
with increases in BMI. This limitation of self-reported intake data (ob-
tained by using diet records or diet recalls) has been confirmed in many 
other studies. Moreover, Subar and colleagues (2003) demonstrated that 
estimates of energy and protein intakes from food frequency question-
naires have very low correlations with the estimates obtained by multiple 
24-hour recalls. Thus, estimates of energy intake are not good determi-
nants of the risk of becoming obese. 

 
 

Foods and Behaviors as Risk Factors for Obesity 
 
Because neither measures of energy expenditure nor energy intake 

serve as good determinants of the risk of developing obesity, some inves-
tigators are examining data on foods and food behaviors as risk factors 
for obesity. The consumption of sugar-sweetened beverages is one ex-
ample of a potential risk factor for obesity. Observational studies have 
found a positive relationship between the consumption of sugar-
sweetened beverages and weight change (Berkey et al., 2004; Ludwig et 
al., 2001; Phillips et al., 2004; Striegel-Moore et al., 2006; Welsh et al., 
2005). The evidence has been consistent, with some studies showing that 
there is a dose–response relationship and that sugar-sweetened beverage 
intake relates temporally to changes in body weight. 
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Fructose—the major source of which is sugar-sweetened bever-
ages—may be a potential contributor to obesity. There is no insulin re-
sponse to this monosaccharide (in contrast to the insulin response 
obtained when fructose is delivered in the form of the disaccharide su-
crose). Studies also implicate fructose consumption as a risk factor for 
hypertriglyceridemia, hepatic and adipose insulin resistance, a small in-
crease in plasma glucose concentration, and mild gastrointestinal distress 
or irritable bowel syndrome. One problem in examining the relationship 
between fructose intake and the development of obesity is a lack of data 
that can be used to examine changes in fructose intake over time. Dietz 
underscored the need for intervention studies, especially ones involving 
sugar-sweetened beverages, to learn more about the potential contribu-
tion of suspect foods or nutrients to various disease outcomes. 

Other dietary variables potentially related to the development of obe-
sity include the energy density of food, portion sizes, meal patterns, 
binge eating, restrained eating, nighttime eating syndrome, the glycemic 
index of food, and macronutrient ratios. 

 
 

The Risk of High Folic Acid Intakes to Certain Groups 
 
In the United States, the fortification of enriched cereal grains with 

folic acid has resulted in a marked decline in the incidence of pregnan-
cies affected by neural tube defects. Nonetheless, it appears that subsets 
of the population with the TT gene sequence variant of the methylene 
tetrahydrofolate reductase enzyme may be at increased risk of low 
plasma folate concentrations (R. J. Berry, National Center for Birth De-
fects and Developmental Disabilities, personal communication, February 
14, 2007). This raises concern that a folate intake high enough to achieve 
the desired plasma folate concentrations in this subgroup may approach 
the UL. In part because an estimated 38 percent of people of Chinese 
descent and 20 to 25 percent of the Hispanic population have this gene 
variant, this topic merits consideration. The potential adverse effects of 
high folic acid intake include interactions with other B vitamins, effects 
such as hypermethylation, seizure thresholds, and an incomplete conver-
sion of folic acid to its active form. At present, there is a limited capacity 
to measure the outcomes. Moreover, Rosenberg (2005) pointed out that 
there is no clear assignment of the responsibility to monitor the popula-
tion for adverse effects of folic acid fortification. 
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Concluding Remarks 
 
The three examples given—energy balance and obesity, foods and 

food-related behaviors and obesity, and folic acid and its potential ad-
verse effects—illustrate selected limitations of current methods of risk 
assessment and point out challenges for the future. 

 
 

OPEN DISCUSSION 
 
During the open discussion, the workshop participants raised a num-

ber of points relating to discretionary fortification. Among the topics ad-
dressed were the following: 

 
• the influence of nutrient bioavailability on discretionary fortifi-

cation decisions, 
• the influence of labeling requirements for portion size on the nu-

trient profile that appears on the label of fortified cereal, 
• the extent to which food companies consider information about 

the fortification of other companies’ food products as a part of 
their discretionary fortification decisions, 

• concern about iodization policies in the face of both the in-
creased consumption of prepared foods made with noniodized 
salt and the decreased use of iodized table salt, and 

• ways to handle the effects of increased folic acid consumption on 
vitamin B12 status and its health effects. 

 
Other topics that were discussed during the open discussion have 

been incorporated into Chapter 6, Perspectives on Challenges and Solu-
tions: Summary Remarks and Suggested Next Steps. 
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3 
 

An Examination of Current and Potential 
Nutritional Risk Assessment Methods 

 
 
 
 
 
 
 
 

Information gained from classical and nutritional risk assessments 
has led to new questions and possible new approaches to nutritional risk 
assessment. This chapter covers the perspectives of several nutritional 
scientists and risk assessment experts on various aspects of risk assess-
ment. Robert Russell, an expert in human metabolism of retinoids and 
carotenoids, addressed how different groups have used risk assessment 
methods to establish upper intake levels for nutrients and identifies data 
gaps that impede the assessment of risk related to excessive nutrient in-
takes. Suzanne Murphy, an expert in dietary assessment methodology, 
covered potential connections between the establishment of nutrient re-
quirements and Tolerable Upper Intake Levels (ULs). Christine Taylor, 
an expert in nutrition policy, pointed out lessons learned from an interna-
tional workshop on the topic of upper levels for nutrients. Barbara Peter-
sen, a risk assessment expert, provided background information on 
nutritional risk assessment and then introduced a method that could be 
used to consider both the risks and the benefits of nutrient intake as a 
function of that intake. Gregory Paoli, another risk assessment expert, 
distinguished safety-based standard setting from risk assessment and re-
viewed the rationale for formal risk assessment and the elements for risk-
based advice. The chapter ends with a brief summary of the points raised 
during the commentary by Sanford Miller, whose expertise includes food 
safety. 
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THE INSTITUTE OF MEDICINE PROCESS 
TO ESTABLISH TOLERABLE UPPER 

INTAKE LEVELS: MODEL AND DATA NEEDS 
 

Presenter: Robert M. Russell 
 

 The Institute of Medicine’s (IOM’s) conceptual model for the UL 
(see Figure O-1 in the Overview) involves determination of the highest 
level of daily nutrient intake that is likely to pose no risk of adverse 
health effects to almost all individuals in the general population. Robert 
Russell provided a brief review of the derivation of a UL and the sources 
of uncertainty and then focused on how three different expert groups ar-
rived at different conclusions when they determined the upper levels1 for 
vitamin A, beta carotene, vitamin B6, and zinc. He concluded his presen-
tation with a list of the kinds of data needed to improve the determination 
of upper levels for these four nutrients. 

 
 

Brief Overview 
 
The process of deriving an upper level typically involves the identi-

fication of a critical data set; the identification of a critical toxic effect 
(the endpoint, a no-observed-adverse-effect level [NOAEL] or a lowest-
observed-adverse-effect level [LOAEL]); and the derivation of an uncer-
tainty factor, which typically is less than 10 for nutritional risk assess-
ment. By using this approach, the upper level is obtained by the 
following formula: 

 
Upper level = NOAEL or LOAEL 

 Uncertainty Factor 
 

Therefore, the larger that the uncertainty factor is, the lower that the 
value of the upper level is.  

The process of assigning an uncertainty factor has been somewhat 
subjective. Factors that have contributed to assigning a larger uncertainty 
factor include extrapolation of the findings of studies with animals to 

                                                 
1The general term “upper level” is used when applicable because the expert commit-

tees in different parts of the work had slightly different definitions for the value that was 
determined. 
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humans, evaluation of the effects of short-term rather than long-term ex-
posures, the use of small numbers of subjects in experimental studies, the 
greater severity of the hazard, and the use of a LOAEL rather than a 
NOAEL. 

 
 

Selected Results from Different Expert Groups 
That Set Upper Levels for Nutrients 

 
In preparation for this workshop, Russell examined reports by expert 

groups from three parts of the world: (1) IOM for the United States and 
Canada, (2) Expert Group on Vitamins and Minerals for the United 
Kingdom, and (3) Scientific Committee on Food for the European Union. 
He focused on the establishment of upper levels for vitamin A (EVM, 
2003; IOM, 2001; SCF, 2002), beta carotene (EVM, 2003; IOM, 2000a; 
Rothman et al., 1995), vitamin B6 (EVM, 2003; IOM, 1998a; SCF, 
2000), and zinc (EVM, 2003; IOM 2001; SCF, 2003). Russell found that 
the expert groups came to different conclusions, largely because of dif-
ferences in the adverse effect identified or differences in the uncertainty 
factor used, as briefly described below. 
 
 
Vitamin A 

 
IOM set the UL for women of reproductive age by using a NOAEL 

for teratogenicity and an uncertainty factor of 1.5 (for a resultant UL of 
3,000 micrograms per day [μg/day]). For all other adults, IOM set the 
UL by using a LOAEL for liver toxicity of 14,000 μg/day, based on case 
reports, and an uncertainty factor of 5. Among the other adverse effects 
considered were risks of bone mineral density changes, hip fracture, and 
bulging fontanel (for infants). The available data on the risk of hip frac-
ture were not used because the findings were inconsistent (Freudenheim 
et al., 1986; HoutKooper et al., 1995; Melhus et al., 1998; Feskanich et 
al., 2002). More recent studies on the association of vitamin A with the 
risk of low bone mineral density (Ballew et al., 2001; Promislow et al., 
2002; Rejnmark et al., 2004), hip fracture (Opotansky and Bilezikian, 
2004; Rejnmark et al., 2004), and osteoporosis (Maggio et al., 2003; 
Penniston et al., 2006) remain inconclusive. 

The expert group in the United Kingdom considered the evidence 
base to be inadequate to establish an upper level, indicating that the study 
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on teratogenicity by Rothman and colleagues (1995), which IOM used to 
establish the UL for women of reproductive age, was biased. The report 
did indicate, however, that vitamin A intakes greater than 1,500 μg/day 
may be inappropriate, mainly on the basis of studies by Melhus et al. 
(1998) and Feskanich et al. (2002), and advised women not to take vita-
min A supplements if they were pregnant. 

The Scientific Committee on Food used the study by Rothman et al. 
(1995), identified a LOAEL rather than a NOAEL, used no uncertainty 
factor, and set an upper level identical to that set by IOM. This expert 
group reported that it did not use an uncertainty factor because other 
studies show that the true threshold for risk is probably higher. The upper 
level set by the Scientific Committee on Food was considered to cover 
the risk of hepatotoxicity. 

The vitamin A UL of 600 retinol activity equivalents (RAE)/day that 
IOM set for infants (IOM, 2001) is based on the vitamin A content of 
breast milk. An intake of 600 RAE/day is lower than the estimated 
amount of vitamin A consumed by 56 percent of the 4- to 5-month-old 
infants participating in the Supplemental Nutrition Program for Women, 
Infants, and Children (WIC), suggesting that the UL value for infants 
may need to be reexamined. 

 
 

Beta-Carotene 
 
The example of beta-carotene also illustrates that different groups 

examining the same data may come to very different conclusions. Nei-
ther IOM nor the EU Scientific Committee on Food set an upper level for 
beta-carotene. The reasons that both expert groups gave for not setting an 
upper level were similar (IOM, 2000b; EC, 2000): no dose–response data 
were available, the data were conflicting, or different formulations had 
been used in different studies. By contrast, the United Kingdom’s expert 
committee set an upper level of 7 milligrams per day (mg/day) (EVM, 
2003), an amount that is close to what some vegetarians ordinarily in-
gest. They used data from the Alpha-Tocopherol Beta-Carotene Study to 
establish a NOAEL of 20 mg (that study had also been reviewed by IOM 
and the group from the European Union). The United Kingdom’s expert 
committee used supportive data from a study of ferrets exposed to a dose 
of beta-carotene that would be comparable to the dose for humans. Even 
when the ferrets that were exposed to the beta-carotene were not exposed 
to cigarette smoke, they still developed squamous metaplasias. Further 
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investigation has demonstrated that dose matters: giving ferrets that had 
been exposed to cigarette smoke a beta-carotene dose comparable to 6 
mg/day in humans did not result in metaplasia. 

 
 

Vitamin B6 
 
The expert groups from North America, the United Kingdom, and 

the European Union relied on data from different studies and set very 
different upper levels for vitamin B6. IOM used the study by Bernstein 
and Lobitz (1988) to set the NOAEL for vitamin B6 and used a small 
amount of data on doses under 200 mg to set a UF of 2 (IOM, 1998b). 
This resulted in a UL of 100 mg/day when vitamin B6 is consumed as 
pyridoxine. In the United Kingdom, the upper level of 10 mg/day was set 
by using data on ataxia in dogs (Phillips et al., 1978) and using a large 
uncertainty factor (300) based on the use of a LOAEL, interspecies varia-
tion, and interindividual variation (EVM, 2003). In the European Union, 
the upper level of 25 mg/day was set by using data from Dalton and 
Dalton (1987), and an uncertainty factor of 4 was selected because of 
deficiencies of the data in the research database (SCF, 2000). 

 
 

Zinc 
 
The three expert groups differed in their establishment of upper lev-

els for zinc as well. IOM and the Expert Group on Vitamins and  
Minerals used the same key study (Yadrick et al., 1989), but they derived 
different LOAELs and used different uncertainty factors. The Scientific 
Committee on Vitamins and Minerals disregarded the study by Yadrick 
et al. (1989) and used two different studies instead: those of Davis et  
al. (2000) and Milne et al. (2001). The resulting upper levels were as  
follows: 

 
• IOM = 40 mg/day 
• United Kingdom = 25 mg/day 
• European Union = 25 mg/day 

 
Despite the use of very different methods in the United Kingdom and 

the European Union, the result was the establishment of identical upper 
levels. 
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Concluding Remarks 
 
To provide a more reliable and valid basis for establishing upper lev-

els for the four nutrients discussed here, there is a need to obtain more 
complete data on the following: 

 
• defined critical endpoints associated with nutritional status (for 

vitamin A), 
• the biomarkers to be used to define chronic disease (for beta-

carotene), 
• vitamin B6 intakes from long-term studies, 
• systems that dysfunction with nutrient excess (for zinc), and 
• dose–response (for all four nutrients). 

 
The use of experimental animal models could be helpful in obtaining 
much of this information. In addition, uniform rules are needed for the 
application of uncertainty factors (for all four nutrients), and the use of a 
common approach to the establishment of upper levels could be helpful. 

 
 

POTENTIAL CONNECTIONS BETWEEN ESTABLISHING 
NUTRIENT REQUIREMENTS AND TOLERABLE UPPER 

INTAKE LEVELS 
 

Presenter: Suzanne P. Murphy 
 
Although adverse health effects are associated with both nutrient in-

adequacy and nutrient excess, expert groups use very different ap-
proaches to set nutrient requirements and upper levels. Suzanne Murphy 
suggested that the term “nutritional risk assessment” can apply equally to 
the processes of determining requirements for nutrients and the estab-
lishment of upper levels for nutrients. Murphy described the two ap-
proaches, examined why different approaches are used, and explored 
whether risk assessment methods are applicable to both approaches and 
how the use of different approaches limits the use of the Dietary Refer-
ence Intakes (DRIs). 
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Why Are Different Approaches Used to Set Nutrient 
Requirements and Upper Levels? 

 
 

Overview of the Two Approaches 
 
To set nutrient requirements, the DRI expert panels were asked to es-

timate the average requirement (the Estimated Average Requirement 
[EAR]) and its standard deviation. They computed the Recommended 
Dietary Allowance (RDA) as the EAR plus two standard deviations of 
the requirement (IOM, 2006a). To set a UL, the UL expert group was 
asked to use a risk assessment approach that involves hazard identifica-
tion, dose–response assessment, intake (exposure) assessment, and risk 
characterization (refer to Figure O-1 in the Overview). In both cases, the 
expert groups were asked to identify a functional outcome and to conduct 
a dose–response assessment, an intake assessment, and a risk characteri-
zation. The approaches and the terminology used differed, however. 

 
 

Possible Reasons to Question the Use of Different Approaches 
 
One might view too little of a nutrient to be a hazard, in the same 

way that too much of the nutrient would be a hazard. By the definition of 
nutrient, long-term inadequacy leads to the deterioration of health and, 
eventually, death. The concepts appear to be comparable: both can be 
viewed as distributions. The EAR concept describes a distribution of re-
quirements. On the other hand, the UL concept describes a threshold, that 
is, the beginning of the risk of an adverse effect. Figure 3-1 depicts hypo-
thetical distributions for requirements and adverse effects. If a person’s 
usual intake were at the amount indicated, the person would be at some 
risk from excessive intake. Indeed, Murphy argued that there could be a 
very low (nearly zero) risk of excessive intake in the homeostasis area of 
intake (see “Applying Risk Assessment Methods to Nutritional Risk As-
sessment” in Chapter 2), just as there could be a very low risk of inade-
quate intake in that area. 

Because the UL is not defined with a mean and a distribution, 
Murphy noted that a complete description of the risk is problematic.  
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FIGURE 3-1 Hypothetical distributions of nutrient requirements and ad-
verse effects. Intake at the amount indicated by the intake arrow would pose 
some risk, but without knowing the actual distribution, further interpretation 
would be problematic. 
NOTE: EAR = Estimated Average Requirement; RDA = Recommended 
Dietary Allowance; UL = Tolerable Upper Intake Level. 
 
 

Without a distribution, no method is available that can be used to inter-
pret the prevalence of intakes above the UL. It would be desirable to be 
able to provide a quantification of the risk of an adverse effect rather 
than being limited to a statement that a certain percentage of the popula-
tion has intakes above the UL. 

 
 

Are Some Risk Assessment Methods Applicable to Both 
Nutrient Requirements and Upper Levels? 

 
Murphy posed several questions about risk assessment methods that 

might be applicable to both nutrient requirements and upper levels: 
 
• Does the concept of a NOAEL apply to nutrient requirements? If 

so, the value would need to be at an intake higher than the RDA, 
which has an estimated 2 to 3 percent risk of inadequacy. 

• Are there similarities between a NOAEL and an Adequate Intake 
(AI)? For example, since the AI serves as a threshold, in some 
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cases it might be comparable to a NOAEL; that is, intakes above 
this threshold would not pose a risk of inadequacy. 

• Should uncertainty factors be used when nutrient requirements 
are set? The distribution around the EAR expresses uncertainty; 
but, perhaps, other uncertainties should be addressed more ex-
plicitly, such as extrapolations of requirements from one age or 
sex group to another. 

 
 

How Do the Different Approaches Limit 
the Uses of the DRIs? 

 
Knowing the distribution of requirements for a nutrient allows the 

estimation of the prevalence of inadequacy. The situation is somewhat 
different for adverse effects. In particular, knowing a threshold for ad-
verse effects allows estimation of the proportion of the population at risk 
of adverse effects, not the proportion experiencing adverse effects. 

The WIC population provides an example of differences in the use-
fulness of the EAR and the UL. In a study conducted to evaluate the po-
tential benefits and risks of revising the WIC food packages (IOM, 
2006b), benefit was defined as a reduction in the prevalence of inade-
quate nutrient intake (intakes less than the EAR), or a reduction in the 
prevalence of excessive nutrient intake (intakes greater than the UL), or 
both. Risk was defined as an increase in either of these. The analysis 
predicted that the revised food package would lead to a reduction in the 
prevalence of inadequate iron intakes, which should be measurable as a 
decrease in the prevalence of women with poor iron status. In contrast, 
despite the predicted substantial reduction in the prevalence of excessive 
vitamin A intakes by formula-fed infants ages 6 to 12 months, it is un-
clear whether a reduction in adverse effects (anorexia, hyperirritability, 
skin lesions) would be expected as a result of the changes in the food 
package. 

 
 

Concluding Remarks 
 
To identify commonalities and to align the methods better, Murphy 

recommended a review of the models that have been used to set nutrient 
requirements and ULs. She suggested that a more consistent approach to 
the various methods for the establishment of the DRIs could increase 
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their scientific credibility and their usefulness in assessing and planning 
intakes. 

 
 
LESSONS ABOUT NUTRITIONAL RISK ASSESSMENT 

LEARNED FROM THE FOOD AND AGRICULTURE 
ORGANIZATION/WORLD HEALTH ORGANIZATION 

TECHNICAL WORKSHOP 
 

Presenter: Christine L. Taylor 
 
In her presentation, Christine Taylor provided an overview of the 

work carried out during a technical workshop on nutritional risk assess-
ment from the perspective of lessons that may be relevant to this Food 
Forum Workshop on Nutritional Risk Assessment. She also identified 
special considerations that call for multidisciplinary expertise and made 
closing remarks. 

 
 

Overview of the Workshop in Geneva 
 
In May 2005, 18 international scientists with a range of expertise met 

in Geneva, Switzerland, for the Food and Agriculture Organiza-
tion/World Health Organization (FAO/WHO) Technical Workshop on 
Nutrient Risk Assessment. The participants examined the long-standing 
scientific principles of risk assessment that had been established for non-
nutrient substances, and taking into account the principles of nutrition 
science, they worked to adapt them for nutrient substances. The resulting 
publication, A Model for Establishing Upper Levels of Intake for Nutri-
ents and Related Substances: Report of a Joint FAO/WHO Technical 
Workshop on Nutrient Risk Assessment (FAO/WHO, 2005), is available 
at http://www.who.int/ipcs/methods/nra/en/index.html. 

 
 

Nutritional Risk Assessment Requires Adaptations of Classical 
Risk Assessment 

 
From the beginning of that project, it was clear that the classical risk 

assessment approaches, which have been well established for nonnutri-
ents, are useful for nutritional risk assessment but are not always directly 
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applicable to nutrients. They must be adapted to take into consideration a 
range of factors. These factors include the specific homeostatic mecha-
nisms unique to nutrients; the metabolic and physiological differences 
among nutrients by age, sex, and life stage; and the need to provide nutri-
tional risk assessment in the face of limited data. Another very important 
factor that distinguishes nutrients from nonnutrients is that nutrients are 
associated with two types of risk (dual risks) rather than just one type of 
risk. That is, nutrients may demonstrate a risk because of too little intake 
as well as because of too much intake, as shown in Figure 3-2. The inter-
est is in estimating and characterizing both types of risk. Different data 
sets are used to produce the two risk curves. Despite the appearance of 
Figure 3-2, the curves are unlikely to be symmetrical. 

 
 

Nutritional Risk Assessment Needs a Multidisciplinary Perspective 
 

 During the FAO/WHO technical workshop, it was noted that a range 
of expertise is essential to adapt risk assessment approaches to nutrient 
substances and to carry out the assessments appropriately. Bailar and 
 

 
 

FIGURE 3-2 Comparison of the relationship between intake and risk for 
nonnutrient and nutrient substances. Nutrients differ from nonnutrients in 
that nutrients present dual risk curves (that is, risk curves for both inade-
quacy and excess). 
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Bailer (1999) referred to risk assessment as “the mother of all 
uncertainties.” Uncertainty is inherent because of the limited nature of 
the data, an incomplete understanding of the process, and the different 
ways of viewing the questions. An expert’s disciplinary background is 
likely to influence the way in which that expert views and discusses 
uncertainty, including variability. 

Thus, nutritional risk assessment needs to include and to give mutual 
respect and equal weight to a wide range of experts: risk assessors, nutri-
tionists, clinicians, physiologists, pathologists, epidemiologists, biochem-
ists, food scientists, statisticians, and, perhaps, others. Furthermore, 
trained experts in risk assessment inform and facilitate the general 
decision-making process. As the discipline of risk assessment gains ex-
perience, the models and approaches available may evolve. For instance, 
in nonnutritional risk assessment, there is now some movement away 
from cut-point, qualitative, or policy models and toward probabilistic or 
quantitative models. Quantitative models portray risk as a distribution 
(such models require considerable data). Nutritional risk assessors may 
need to consider these newer models in the future. 

 
 

Key Aspects of Nutritional Risk Assessment That Call for 
Multidisciplinary Expertise 

 
Specific Homeostatic Mechanisms 

 
Specific homeostatic mechanisms allow the maintenance of normal 

body functions in the presence of various intakes of essential nutrients. 
Examples include the following: 

 
• changes in iron stores lead to increases or decreases in the 

absorption of iron, as appropriate; 
• the blood calcium concentration acts in the regulation of the 

renal conversion of vitamin D to the active vitamin D hormone; 
• the renal excretion of calcium occurs when the concentration of 

the mineral in blood exceeds a threshold; 
• the liver stores excess vitamin C until the capacity of the liver 

is exceeded. 
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Appropriate multidisciplinary expertise allows careful consideration of 
such mechanisms in nutritional risk assessment. 
 
Age, Sex, and Life Stage 

 
Risk assessment for nonnutrients often considers lifetime exposures, 

and the risk is expressed on the basis of body weight. When nutritional 
risk is assessed, special consideration must be given to a person’s age, 
sex, and life stage. The nutrient-related metabolic and physiological 
states differ depending upon such factors, and these factors can result in 
different intake–response relationships and different adverse effects. 
Multidisciplinary expertise helps make it possible to address such factors 
appropriately. 

 
 

Extrapolation or Scaling 
 
When data on the relationship between intake and response are lack-

ing for some age and sex groups or for people at certain life stages, ex-
trapolation or scaling is an approach that uses data from one group to 
make estimates for another group. Extrapolation for nonnutrients often 
uses body weight as the basis; but for nutrients this approach may have 
drawbacks because it does not take into account intermediary metabolic 
rates, energy intake, or the basal metabolic rate. More appropriate ap-
proaches may use surface area or energy requirements as the basis for 
extrapolation. The basis used for extrapolation can have substantial ef-
fects on the estimates that are made. Multidisciplinary expertise may 
help with the selection of the best approach to extrapolation and scaling. 

 
 

Intake Assessments 
 
Uncertainties associated with intake assessments often play a minor 

role in classical risk assessment. To be conservative on the side of safety, 
classical risk assessment may use large correction factors (called default 
options in Chapter 2). When the correction factors are large, the biases or 
errors associated with intake estimates are less relevant. In the case of 
nutrients, however, the use of large safety or correction factors is seldom 
an option because they could lead to an upper level that is too low to en-
sure an adequate intake. Therefore, in nutritional risk assessment, careful 
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attention should be directed to the nonsystematic bias, errors, and vari-
ability associated with intake estimates. Moreover, to obtain an estimate 
of total intake, it may be necessary to combine intake data from different 
sources, thereby introducing additional challenges. Such challenges call 
for the nutritional risk assessment team to include individuals with vari-
ous types of expertise. 

 
 

Other 
  

In general, data have not been systematically generated for nutri-
tional risk assessment. Instead, nutritional risk assessors must usually 
rely on secondary data obtained from studies of the benefits or mecha-
nisms of action of nutrients. The guidance and criteria needed for deci-
sion making in the face of limited data call for the use of a 
multidisciplinary approach to nutritional risk assessment. Because con-
cerns about protection of the public’s health may drive the final decisions 
that are made about nutritional risk, the inclusion of individuals with a 
diversity of expertise helps ensure that the most appropriate questions 
will form the basis for a systematic review of the data. 

Terminology also presents a challenge. Terms such as “hazard,” 
“dose,” and “exposure” have different meanings or may be troubling or 
perplexing to experts from different disciplines. The milieu of a multi-
disciplinary approach helps overcome this challenge. 

 
 

Concluding Remarks 
 
In her closing comments, Taylor pointed out that the need to view 

nutritional risk assessment through a number of perspectives is under-
scored by the Hindu parable about six blind men who went to see the 
elephant. Each man was certain that he knew the nature of the elephant, 
but in fact, each had touched only a part of the animal. Therefore, each 
man was partly correct and partly incorrect in his assessment. One of the 
most important lessons learned during the Geneva workshop was that 
nutritional risk assessment requires the involvement of experts from 
many fields and the establishment of an environment that respects and 
gives equal weight to each one. 
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EXPANDING METHODS USED IN NUTRITIONAL 
RISK ASSESSMENTS 

 
Presenter: Barbara Petersen2 

 
Nutrient intake by consumers is undergoing change. In the past, huge 

swings in the intakes of some nutrients occurred seasonally, diets may 
not have been adequate for optimal health, and the focus of assessment 
was on deficient intakes of a relatively small number of nutrients. Today, 
however, there is reason for concern about both excess and deficient in-
takes, interest in the wide array of beneficial components of food has 
grown, there are fewer seasonal differences in food patterns, consumers 
want improved foods without adverse effects on the taste of the foods or 
on health, and food processors can readily modify foods. Such changes 
call for a review of assessment methods. Barbara Petersen provided an 
overview of current assessment methods, described a tool (the Beneficial 
Utility Index) that is being designed to quantify the relationships between 
benefits and risks at different intake levels, and summarized the reasons 
for the use of such an index. 

 
 

Overview of Current Assessment Methods 
 
Some background information is helpful in understanding the extent 

to which classical risk assessment paradigms are useful in nutritional and 
functional food evaluations, whether they are holding back progress (and 
if so, how), and unique aspects of safety assessments for nutrients. 

 
 

Classical Risk Assessment Methods 
 
Classical risk assessment methods incorporate many variables and 

assumptions to quantify exposures and risks. The methods, with some 
modification, should be useful for evaluating nutrients. A quick look at 
the differences in methods used for toxic substances and pharmaceuticals 
will help guide the selection of the best method for nutrients. 

                                                 
2Barbara Petersen acknowledged her coworkers who helped with the development of 

the Beneficial Utility Index and named Nga Tran and Layla Barraj, who attended this 
workshop. 
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Toxic substances  Because toxic substances are presumed to offer 
no benefit to consumers, interest in the public health outcomes of expo-
sure to toxic substances calls for the substances to pose no risk to the 
consumer. The results of tests conducted in animals predominate in as-
sessments of the risk of potentially toxic substances. Thus, the risk as-
sessment process is designed to be very conservative (erring on the side 
of safety) and to use worst-case scenarios for potential toxic responses. 
In addition, standardization of the assessment methods is important so 
that policy decisions are consistent. 

 
Pharmaceuticals  Because pharmaceuticals are presumed to provide 

consumer benefit, some adverse effects may be acceptable. Testing of the 
substance is done in both animals and humans. Human studies are essen-
tial for assessment of the potential risks of pharmaceuticals. Risk as-
sessments are less conservative, and information about the benefits and 
the risks is communicated to consumers. 

 
 

Safety Assessments 
 
Typically, safety assessments involve a simple comparison of an Ac-

ceptable Daily Intake (ADI), which is estimated using animal toxicology 
or human studies and expressed per kilogram of body weight per day, 
with an Estimated Daily Intake (EDI), which is determined per kilogram 
of body weight per day. If the ADI is greater than the EDI, the substance 
is acceptable. If the ADI is less than the EDI, either the substance is un-
acceptable or further research is required. 

 
 

Nutritional Assessments 
 
Nutritional assessments are more complicated than classical risk as-

sessments because they try to balance benefits and risks. Various mecha-
nisms affect the absorption, metabolism, storage, and excretion of 
nutrients. The risks and benefits may differ according to the underlying 
biochemical mechanisms, the time frames of exposure, and the subpopu-
lations who consume the nutrient. Because of potential adverse outcomes 
to the health of the public, attention must be directed to the quality of 
nutrient intake estimates: What are the effects of overestimating or un-
derestimating intakes? How can the estimates be improved? How can 
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descriptions of the quality of the intake estimates be improved? Other 
questions related to nutritional risk assessments include whether nutrients 
should be treated more like toxic compounds or like pharmaceuticals and 
how to consider both the benefits and risks that nutrient intake may pose. 

Many, if not all, nutrients are essential and also potentially toxic; 
they pose risks (e.g., nutrient deficiency) at low intake as well as at high 
intakes (e.g., nutrient toxicity). Typical plots of these dual risks, as in 
Figure 3-2, have a number of limitations. In particular, they 

 
• do not address the degree of variability in dietary intakes, 
• do not balance the severity of the adverse effects of selected in-

takes of a nutrient against the biological benefits of the nutrient, 
and 

• do not help describe the benefits and adverse effects that operate 
over very different time scales or by different biochemical 
mechanisms. 

 
 

Beneficial Utility Index 
 
The Beneficial Utility Index (BUI) is a tool proposed for use for 

quantification of the relationship between the benefits and the risks of 
nutrient intake under different intake scenarios.3 The tool is intended to 
be useful in addressing two desired public health outcomes both in the 
short term and over a lifetime: (1) maximizing efficacy (benefits) and (2) 
minimizing toxicity (harm). The tool would also help provide an under-
standing of situations that affect the ratio of benefit to harm. 

 
 

Data and Models Used 
 
The BUI is designed for use with populations and not individuals. It 

incorporates dose–response curves for benefits (for example, the impact 
of either reducing a nutrient deficiency or improving nutritional status), 
dose–response curves for harm, and weighting factors. The most impor-
tant or the most sensitive effects (markers) to be included in the model 
must be prioritized. Examples of markers for the benefits of increasing 

                                                 
3The approach was adapted from research for evaluating pharmaceuticals conducted by 

J. Venitz at Virginia Commonwealth University. 
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the intake of a food component include the concentrations of nutrients in 
the blood, enzyme activities, antioxidant function, and platelet status. 

The BUI considers sources of variability, such as short-term 
and long-term dietary practices (including those affecting the bioavail-
ability of the nutrient) and differences in individual requirements for 
the nutrient. 

 
 

Beneficial Utility Index Curves 
 
Two curves are used to develop the BUI: (1) the benefit–efficacy dis-

tribution curve, which is a distribution of the probability of the occur-
rence of the defined benefit at different intake levels, and (2) the toxicity 
distribution curve, which shows the distribution of the probability of the 
occurrence of negative consequences. These curves are combined 
mathematically to compute the BUI, which is depicted in Figure 3-3. 

The next step is weighting the BUI to reflect the severity of the out-
comes that result from a deficiency of a nutrient (that is, the degree of 
potential benefit of improving nutritional status), the severity of the toxic 
effects from the nutrient, the amount of uncertainty in the data, the bio-
logical variability in the population, and the variability in intake of the 
nutrient. 

 

 
FIGURE 3-3 Beneficial Utility Index. U = utility. 
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Hypothetical Example Using a Beneficial Utility Index 
 
Petersen presented an example in which hypothetical nutrient GYX 

had been shown to improve brain development in children and to be es-
sentially free of adverse effects except for an occasional skin rash that is 
reversible with a decreased intake of GYX. In this example, a literature 
review revealed that a similar hypothetical compound, GYZ, causes diar-
rhea at elevated doses, which is a reason for concern. Data regarding 
GYZ could be used to derive weighting factors at different doses, which 
could be applied to the index. Methods can be used to incorporate uncer-
tainty into the efficacy and toxicity curves and, thus, into the BUI, as 
depicted in Figure 3-4. 

 
 

 
 

FIGURE 3-4 Impact of the BUI: Incorporating the uncertainty into the effi-
cacy and toxicity curves: example of the impact on the BUI by using hypo-
thetical nutrient GYX. U = utility; LL = lower limit; UL = upper limit. 
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Concluding Remarks 
 
Petersen took the position that nutrients and other beneficial compo-

nents of food need their own tool for use in the evaluation of their risks 
and benefits. The tool needs to include both benefits and risks (likelihood 
and severity) and to allow an understanding of the dose–response, the 
timing of consumption, differential mechanisms of action, and consumer 
compliance with dietary guidance. The potential advantages of a utility 
index include the ability to (1) quantify the relationship between benefits 
and risks, (2) understand uncertainty and variability more completely, 
and (3) incorporate additional factors to weight the results. 

 
 
KEY CHALLENGES IN RISK-BASED APPROACHES TO 

NUTRITION POLICY 
 

Presenter: Gregory Paoli 
 

Risk assessment is a processing tool. Risk assessors process evidence 
to generate statements of the probability of individual events. They com-
bine these probabilities to determine the probability of an adverse out-
come of interest. According to Gregory Paoli, the primary value of risk 
assessment lies in its ability to infer the probability of adverse outcomes 
by appropriately combining a formal representation of the risk-
generating system with the rules of inferring probability. He also noted 
that the approach used to set the EAR, which uses distributions of inade-
quacy, involves elements of risk assessment. 

 
 

Risk-Based Advice 
 
Risk-based advice may be based on a formal risk assessment or on a 

safety assessment. 
 
 

Formal Risk Assessment 
 
Formal risk assessments may be conducted on the basis of two ra-

tionales: a practical rationale or a public policy rationale. 
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Practical rationale  Two features provide a practical rationale for 
conducting formal risk assessment: the process (1) allows the manage-
ment of problems of overwhelming complexity and (2) provides links to 
appropriate tools. The complexity relates to multiple hazards, multiple 
pathways, multiple agents, multiple outcomes, and cascading events, all 
in the face of much uncertainty. Probability provides a multidisciplin- 
ary language. This makes it possible to use the tested tools of the deci-
sion sciences and of the risk and reliability sciences to help address the  
problem. 

On the other hand, risk assessment may require too much time and 
too many resources to solve a problem. It may prevent decisions from 
being made. 

 
Public policy rationale  In matters of public health, there is a desire 

for the use of a rationale that calls for decisions to meet a standard of 
reasonableness. What one is accountable for may determine whether a 
risk assessment or a safety assessment is the preferred approach. 

 
 

Safety-Based Standard Setting 
 
Safety-based standard setting differs substantially from risk assess-

ment. The safety-based standard setting approach includes no estimate of 
the probability of harm and ordinarily includes no exposure assessment. 
One cannot use the safety assessment approach to predict risk, even 
when an exposure assessment has been completed. ULs represent the 
values set by using safety-based standard setting. The UL value (for ex-
ample, 2 grams of a certain nutrient per day for adults) includes uncer-
tainty, variability, uncertainty about the variability, and value judgments. 
It can be an adequate risk management tool, but it does not represent the 
outcome of a risk assessment. 

 
 

Basic Elements for Risk-Based Advice 
 
According to Paoli, three elements are necessary for use of the term 

risk-based advice: 
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1. Decisions are based on explicit knowledge and a description of 
the full risk-generating system, including hazards, pathways, and 
outcomes. 

2. The process includes measurements on the dimensions of likeli-
hood and the magnitude of consequences. 

3. Decisions are based on their capacity to reduce risk at reasonable 
cost. 

 
Such advice is needed for complex situations involving a variety of 

risks, for example, the multiple risks facing a certain group of people, 
such as the Inuits of northern Quebec, Canada. 

 
 

Disability-Adjusted Life Years 
 
 The concept of disability-adjusted life years attempts to describe the 
burden of disease by considering the duration and the severity of health 
outcomes. This concept can be combined with data on the frequency of 
occurrence of the specific disease to become a useful part of risk assess-
ment. Paoli encouraged the use of this approach. 
 
 

Risk Communication 
 
 Risk management may result in a communication product (the anal-
ogy that Paoli gave was an air quality health index) that results in behav-
ioral change. When risk is mitigated through a communication product, it 
would be useful to extend the risk assessment paradigm to include an 
estimate of the amount of risk reduction that results from communication 
of the risk. 
 
 

Concluding Remarks 
 

Reasonableness is a complex combination of the evidentiary, mana-
gerial, and obligatory aspects of decision-making processes. Risk as-
sessment provides a structure for providing these elements in a 
defensible way. Risk assessment also opens a large multidisciplinary tool 
kit for analysis, clear and succinct presentation of the knowledge, and 
decision making. 
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COMMENTARY 
 

Discussant: Sanford A. Miller 
 
In his brief commentary, Sanford Miller highlighted a few of the 

challenges facing nutritional risk assessment and proposed several steps 
for addressing the challenges. 

 
 

Challenges for Nutritional Risk Assessment 
 
Classical risk assessors address the risks associated with single very 

small events and thus tend to think in terms of precision and to have 
models with high specificities. In contrast, those who assess the risks of 
nutrient substances must take into account the fact that the substance 
may affect multiple systems or organs. How can risk assessors factor the 
multiple effects into a risk assessment? In addition, how can they address 
both the risk and the benefit of the same substance? Many of the default 
decisions made in nutritional risk assessment have been made on an ad 
hoc basis, differing from substance to substance, dose to dose, and expert 
group to expert group. 

Clearly, the inclusion of a variety of individuals with diverse skills is 
important in nutritional risk assessment. It can be challenging, however, 
to gather all the experts needed to conduct an appropriate risk assess-
ment. Moreover, it often is difficult for the experts to understand each 
other. 

 
 

Possible Steps to Address the Challenges 
 
Among the steps that Miller proposed are the following: 
 
• Agree on a set of criteria for the selection of outcomes to be used 

in a nutritional risk assessment. 
• Agree on default options to be used to address uncertainties. 
• Develop training programs in the area of nutritional risk assess-

ment. Such academic programs would need to cover all or most 
of the areas that are used in the risk assessment process. 

 
 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

48 NUTRITIONAL RISK ASSESSMENT 
 

 

OPEN DISCUSSION 
 

Moderator: Molly Kretsch 
 
The key points that were raised in the open discussion have been in-

corporated into Chapter 6, Perspectives on Challenges and Solutions: 
Summary Remarks and Suggested Next Steps. 
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4 
 

Establishing Relationships Between 
Dietary Patterns and Health Outcomes 

 
 
 
 
 
 
 
 

The complexities of diet and of diet-related diseases complicate nu-
tritional risk assessment. This chapter covers information on the chal-
lenges in establishing relationships between food patterns and health 
outcomes, the use of evidence-based reviews for linking dietary factors 
with chronic disease outcomes, and the use of evidence-based reviews 
for evaluating health claims for use on food labels.  

In introducing the session, Michael Doyle commented on risk as-
sessments of Listeria monocytogenes, a microbial pathogen. Those risk 
assessments made it possible to prioritize the types of foods that are most 
important as vehicles for Listeria and that are thus targets for action to 
improve the public’s health. He expressed the hope that eventual out-
comes of this workshop will be the ranking of risks and the engagement 
in other opportunities for advancing the nutritional aspects of food that 
could improve the public’s health. 

 
 

CHALLENGES IN ESTABLISHING RELATIONSHIPS 
BETWEEN FOOD PATTERNS AND HEALTH OUTCOMES 

 
Presenter: Julie Mares 

 
The relationships between diet and chronic disease differ in character 

from the relationships between diet and deficiency or between diet and 
acute disease, but the techniques available for evaluating them often do 
not reflect this. Using examples from her research on age-related macular 
degeneration (AMD), Julie Mares highlighted common and often over-
looked sources of uncertainty that bias the interpretation of relationships 
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between diet and chronic disease and that often lead to the drawing of 
wrong conclusions. These involve (1) the complex and slowly develop-
ing nature of chronic disease, (2) the timing and broad nature of dietary 
influences on the development of chronic disease, and (3) the bias im-
posed by limitations inherent in specific study designs. Mares also sug-
gested strategies that could be used to reduce the impacts of these biases 
to improve the interpretation of the long-term and complex relationships 
of diet to chronic disease. Delgado-Rodrigous and Llorca (2004) provide 
comprehensive coverage of the issues related to the internal validity of 
studies. 

 
 

Relevant Features of Chronic Diseases 
 
Chronic diseases typically develop in several stages, over long time 

periods, and in people who live a long time. Such diseases are multifac-
torial. Typically, they involve a number of pathogenic mechanisms; are 
influenced by one’s environment, lifestyle, and genetic attributes; and are 
associated with comorbid conditions. 

In addition, the effects of nutrients may differ at different stages of a 
disease. In cancer, for example, the effects may differ during the 
initiation, promotion, and progression of the cancer. In AMD, the 
potential for a person to obtain the beneficial effects from the carotenoid 
lutein appears to relate to the stage of the disease. The current evidence 
that lutein and zeaxanthin (another carotenoid) reduce the risk of disease 
progression is stronger for the later stages of AMD than for the earlier 
stages. 

Chronic diseases develop over decades, as shown in Figure 4-1. 
Among people exposed to conditions that increase the risk, however, 
relative risks for many chronic diseases decrease with age. This apparent 
decrease in risk could reflect two factors: (1) the changing nature of the 
surviving cohort and (2) selective mortality bias. For diseases that 
strongly increase in prevalence with age (such as AMD) these two fac-
tors can reduce the apparent influence of protective factors. 
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FIGURE 4-1 Chronic diseases develop over decades. 

 
Addressing Uncertainties Relating to the Influence of Diet 

 
Investigators have used a variety of markers of dietary intake, includ-

ing both external and internal markers. A number of factors may influ-
ence these markers, as shown in Figure 4-2. Mares called for the use of 
dietary intake as the anchor of all markers because it provides the oppor-
tunity to study many aspects of diet concurrently and because dietary 
intake estimates facilitate comparisons across studies. 

Biomarker data are useful complements to the dietary data. Bio-
marker data can be used to circumvent errors in nutrient databases and 
inaccuracies in people’s reports of what they eat. Such data reflect influ-
ences on the absorption and turnover of a food component. A typical 
biomarker, such as the blood concentration of a nutrient or metabolite, 
reflects a single dietary constituent. Increasing evidence suggests, how-
ever, that the intake of other nutrients can modify the influence of any 
single nutrient. Therefore, the use of biomarker data to evaluate the rela-
tionship of diet to chronic disease is useful only when such data are com-
plemented with measures of broad aspects of the diet, which can be 
obtained from detailed food frequency questionnaires. 

Biomarkers reflect intake over a short time. Using data that reflect a 
few weeks of intake imposes a large error when relating the intake to a 
condition that develops over decades. The random error is compounded 
with bias in studies of middle-aged and older adults whose intakes 
change with time and also change in response to the presence of other 
chronic diseases that may increase risk for the disease being studied. 
(Cardiovascular disease, for example, may lead to dietary change and it 
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External 
markers:

Diet
Blood Tissues

Endogenous Factors:
Hormonal milieu
Metabolic state
Disease
Lifestyle (smoking, etc.)

Internal Markers

Absorption
Repackaging 
and Transport

Excretion
Metabolism

 
 
FIGURE 4-2 Types of markers of dietary intake and the factors affecting 
them. 
 
 

increases the risk of AMD.) The result may be an apparent deleterious 
association between blood concentrations of a nutrient and the disease 
when, in fact, the nutrient is protective. That is, the analysis produces a 
completely wrong answer.  

 
 
Diet–Time Period Relationships 

 
The period during which diet is measured may have more of an im-

pact on the precision of the estimate than the method used to measure the 
diet. Thus, the period covered by the measurement may bias the results. 
In estimating the odds ratios for the prevalence of AMD according to 
whether a person’s diet was high or low in saturated fat, for example, 
Mares-Perlman and colleagues (1995) observed that dietary assessment 
at the baseline gave odds ratio estimates very different from those ob-
tained from retrospective estimates of the diet consumed 10 years earlier. 
For this reason, it is optimal to obtain multiple estimates of dietary intake 
over the time period that is expected to influence the development of the 
disease being studied. When this is not possible, it is better to collect ret-
rospective estimates of dietary intake than to ignore the past diet alto-
gether. Others have demonstrated that people’s recall of the diet that they 
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consumed a decade earlier is a better reflection of what they actually ate 
than their more recently recalled diet (Byers et al., 1987). 

Changes in diet over time may introduce additional uncertainty. 
More than half of the population over the age of 65 years has three or 
more chronic diseases. Since chronic disease often influences diet, cur-
rent dietary intake of older people may not reflect their diet over most of 
their adult lives. In a study that collected dietary data for two different 
periods, Moeller and coworkers (2006) computed multivariate-adjusted 
odds ratios for intermediate AMD among women whose diets were high 
and low in lutein and zeaxanthin. When the investigators compared 
women of all ages, they found lower odds ratios if they excluded women 
with unstable diets. 

 
 

Other Factors That Affect the Influence of Diet on Disease 
 
Other risk factors may modify the influence of diet. For example, 

people with poor diets may be lost from the cohorts being studied. In 
addition, the proportion of people who are susceptible to the influence of 
diet may change. For example, Ogren and colleagues (1996) found that 
among men born in 1914, 26 percent of smokers and 31 percent of those 
with hypertension at age 55 years died before the age of 68 years. Thus, 
the proportion of a surviving cohort with long-term chronic conditions 
can decrease with increasing age in a study sample. 

 
 

Strategies to Enhance the Study of Diet and Chronic Disease 
 
Both the splitting and the lumping of data can be useful in enhancing 

the study of diet and chronic disease, as described below. 
 
Splitting of data  Subgroup analyses, which involve the splitting of 

data, are important both within and across studies. Such analyses need to 
reflect the stage of the disease in the natural history of the disease, the 
time period in the natural history of the disease, the absence or presence 
of other risk factors, and the age of the individual or the presence of co-
morbid conditions. To evaluate these potential biases, one can evaluate 
the risk ratios across strata defined by age, disease severity, and the pres-
ence of other risk factors. This approach provides valuable information 
even if one does not detect statistically significant interactions of the 
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primary association. Mares calls for more attention to this issue in the 
publication of epidemiological associations in samples of people over 50 
years of age.  

 
Lumping of data  The lumping (grouping) of data can be useful for 

assessment of the dietary attributes that influence similar pathogenic 
mechanisms. It can also be useful and efficient to lump several outcomes 
in each study. 

 
 

Contributions of Different Study Designs 
 
As depicted in Figure 4-3 and briefly discussed below, studies of 

different types can make a valuable contribution to the body of evidence 
used in nutritional risk assessment. Differences in findings from different 
types of studies offer an opportunity to find the reasons for those 
differences.  

 
Biological Plausibility

Relevance to Different 
Groups of People

Importance:
Relative to Other Risk 
and Protective Factors

Magnitude of Impact 
Across Diet Levels

Animal  Models
Clinical Trials and Observations

Analytic Observational Studies:
Cohort and Case-Control

Analytic Observational
Studies:
Cohort and Case-Control

Population Comparisons:
Ecological Studies
Nested Populations
Migrant Populations

 
 

FIGURE 4-3 Uses of different types of studies in examining the body of 
evidence. The results of studies with different designs can contribute unique 
insights. The ability to make inferences about the causal influences of die-
tary attributes or patterns in the development of chronic disease is strength-
ened when all types of evidence point in the same direction. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

RELATIONSHIPS BETWEEN DIETARY PATTERNS AND HEALTH OUTCOMES 55 
 

 

Animal Models for Age-Related Chronic Diseases 
 
Animal models for chronic disease either do not exist or are very 

limited. The models that are available often do not reflect various aspects 
of human disease, such as the natural history of the disease and environ-
mental, medical, and dietary influences. Thus, investigators mainly rely 
on human studies to evaluate the impact of diet on human disease. Nev-
ertheless, animal models may be useful for examining the biological 
plausibility of effects of particular dietary components or the synergy 
between two dietary components. 

 
 

Observational Studies 
 
Cohort and case–control study designs provide useful information 

about the relationships of diet to health, including the importance of diet 
relative to the importance of other risk- and protective factors among 
large groups of people. Other population comparisons and ecologic stud-
ies provide information about the impacts of a wide range of diets and 
conditions. 
 
 
Randomized Clinical Trials 

 
Clinical trials are useful for determining biological mechanisms and 

plausibility. Mares views randomized clinical trials as part of a toolbox 
rather than the “gold standard” for the collection of evidence. The appli-
cability of the conclusions from such trials are often limited to single 
nutrients or groups of nutrients, the doses of the nutrient(s) given, the 
form of the nutrient(s) tested, the duration of treatment, and the charac-
teristics (e.g., high or low risk) of the study population. Loss to follow-up 
can bias the findings of a study, and investigators often do not adequately 
evaluate this problem. Cost factors may preclude the testing of modify-
ing factors, such as other aspects of the diet and a person’s genetic 
makeup, physical activity, lifestyle, and medical history. 

Clinical trials complement results of observational studies. For ex-
ample, the Rotterdam Eye Study showed that diets rich in the compo-
nents of the supplements used in the Age-Related Macular Degeneration 
Study reduced the incidence of intermediate AMD by 35 percent (Van 
Leeuwen et al., 2005). 
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Mares listed several ways to improve the utility of clinical trials in 
the understanding of diet and disease, namely (1) the use of shorter, in-
termediary endpoints, especially those common to the development of 
many chronic conditions; (2) studies of the natural history of the disease; 
and (3) broader studies that address multiple dietary attributes. Examples 
of such studies include the Dietary Approaches to Stop Hypertension 
(Sachs, 2001) and the Mediterranean Diet used in the Lyon Heart Study 
(De Longeril, 1999). 

 
 

Concluding Remarks 
 
In closing, Mares encouraged investigators to take a bird’s eye view 

by observing more and by broadening trials: 
 
• Observe more by using multiple study designs, large or pooled 

data sets, diet estimation complemented with biomarkers, and 
subgroup analyses, with less concern about the statistical signifi-
cance of interactions. 

• Broaden trials so that they study a variety of disease outcomes, 
especially intermediate stages that reflect biological mecha-
nisms, and a variety of dietary attributes. 

 
 

EVIDENCE-BASED REVIEW PROCESS TO LINK DIETARY 
FACTORS WITH CHRONIC DISEASE 

 
Presenter: Alice H. Lichtenstein 

 
The application of the evidence-based review process to matters of 

public health importance has been expanding. Alice Lichtenstein pro-
vided an overview of the evidence-based systematic review process and 
used omega-3 fatty acids to illustrate how this process can be a useful 
tool for addressing nutrition-related issues. The example, omega-3 fatty 
acids and cardiovascular disease (CVD), came from work conducted at 
Tufts-New England Medical Center under the auspices of the Agency for 
Healthcare Research and Quality (AHRQ). AHRQ evidence reports and 
summaries are available at http://www/ahrq.gov/clinic/epcquick.htm. 
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Steps in the Evidence-Based Review Process 
 
Many steps occur in the evidence-based review process, as summa-

rized below: 
 
• Form a technical expert panel that includes stakeholders and the 

key people to guide the group. 
• Refine the key questions. This is the most important step in the 

process. 
• Identify search terms, using enough terms to identify all the rele-

vant literature while minimizing extraneous articles. 
• Develop the inclusion and the exclusion criteria. Examples of 

such criteria include the minimum and maximum doses, the 
minimum number of subjects per study, the minimum informa-
tion on the intervention required, and the basic criteria used for 
the study design. 

• Conduct the literature search by using predefined databases. This 
includes examination of the reference lists of reviews and pri-
mary articles and contact with domain experts to identify rele-
vant articles missed by the database searches. 

• Screen abstracts for potentially relevant articles. 
• Retrieve the full articles selected. 
• Review the articles according to the predetermined criteria. 
• Extract data from the articles that meet the criteria. The PICO 

approach is useful for this step. It involves focusing on the 
population (P), the intervention (I), the comparator group (C), 
and the outcome (O). 

• Grade the studies for their methodological quality and 
applicability. 

• Develop data tables. These typically include (1) summary tables 
that present data on sample size, intervention, duration, results, 
and quality and (2) summary matrices that place studies in a grid 
based on methodological quality and applicability. 

• Perform additional analyses (e.g., a meta-analysis), as appropriate. 
• Draft the report. 
• Send the report out for peer review. 
• Revise the report as needed. 
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Overview of an Evidence-Based Review: 
Omega-3 Fatty Acids and CVD 

 
Two of the specific questions asked in the review of omega-3 fatty 

acids and CVD were: 
 
1. What is the efficacy or association of omega-3 fatty acids in pre-

venting incident CVD outcomes in people without known 
CVD (primary prevention) and with known CVD (secondary 
prevention)? 

2. What adverse events related to omega-3 fatty acid dietary sup-
plements are reported in studies of CVD outcomes and markers? 

 
The PICO approach was used to address these questions, as follows: 
 
• The populations (P) covered subjects in studies of both primary 

prevention and secondary prevention. 
• The interventions (I) included alpha-linoleic acid in addition to 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 
• The comparators (C) were diets and other oils (e.g., an oil in 

the placebo capsules, which might be an oil that could affect 
the results). 

• The outcomes (O) were all-cause mortality, myocardial infarc-
tion, stroke, and sudden death. 

 
Among the inclusion criteria that were used were experimental or 

observational studies of at least 1-year duration with at least five human 
subjects, with reported original CVD outcome data, and with all sources 
of omega-3 fatty acid intakes evaluated. 

In this evidence-based review, the possible ratings for methodologi-
cal quality were as follows: least bias, the results are valid (rating of A); 
susceptible to some bias but not sufficient to invalidate the results (rating 
of B); and significant bias, may invalidate the results (rating of C). The 
following ratings were used for applicability: the sample is representative 
of the target population (rating of I), the sample is representative of a 
relevant subgroup of the target population but not the entire population 
(rating of II), and the sample is representative of a narrow subgroup of 
subjects only and is of limited applicability to other subgroups (rating of 
III). The possible ratings of the overall effect were as follows: a clini-
cally meaningful benefit was demonstrated (rating of ++), a clinically 
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meaningful beneficial trend exists but is not conclusive (rating of +), a 
clinically meaningful effect is not demonstrated or is unlikely (rating of 
0), and a harmful effect is demonstrated or is likely (rating of –). 

The overall conclusions were that the intake of omega-3 fatty acids 
(EPA and DHA) from fish or fish oil supplements reduces the incidence 
of all-cause mortality and cardiac and sudden deaths but not stroke. The 
benefits of fish oil supplementation were greater in the secondary pre-
vention studies than in the primary prevention studies. The adverse ef-
fects appeared to be minor, but data were limited and incomplete. That 
is, most studies either did not report on adverse effects or did not de-
scribe the tabulation method used. 

 
 

Concluding Remarks 
 

The conclusions drawn from systematic evidence-based reviews of 
relationships between dietary factors and chronic disease may differ. Di-
vergences likely result from differences in the specific questions asked, 
the inclusion and exclusion criteria used, the statistical model used for 
analysis, and the quality rating system used. The process is challenging, 
in part because of the limited data available in the field of nutrition and 
human outcomes. 

 
 

EVIDENCE-BASED REVIEW FOR HEALTH CLAIMS: 
A CASE STUDY 

 
Presenter: Kathleen C. Ellwood 

 
The Food and Drug Administration (FDA) is using an evidence-

based review process as a basis for health claim language on food labels. 
Kathleen Ellwood provided background information on nutrition labeling 
and health claims, described the process for reviewing the scientific evi-
dence, and summarized results from selected evidence-based reviews. 
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Background Information on Nutrition 
Labeling and Health Claims 

 
The Nutrition Labeling and Education Act of 1990 serves as the ba-

sis for the current food labels, including the provisions that allow volun-
tary nutrition claims on food labels; and it covers health claims when 
they are authorized by the FDA. Health claims on food labels serve as a 
way to inform consumers about the relationships between the substances 
(food or component in food) and a disease. The U.S. Congress set “sig-
nificant scientific agreement”1 as the standard for substantiating health 
claims. As a result of court challenges under the First Amendment to the 
Constitution, the FDA was directed to provide for health claims that did 
not meet the significant scientific agreement standard. Qualified health 
claims are based on scientific evidence that is credible but that does not 
meet the higher standard. 

Health claims are voluntary statements that address a causal relation-
ship between a substance and either a disease or a health-related condi-
tion for the general U.S. population or for a subpopulation, such as 
women or the elderly population. The substance is to be able to reduce 
the risk of disease, not treat, prevent, cure, or mitigate a disease 
(Whitaker v. Thompson, 2004). 

 
 

Process for Reviewing the Scientific Evidence 
 
The process for reviewing the evidence for significant scientific 

agreement health claims and qualified health claims is the same; the level 
of supportive evidence distinguishes the two. In particular, the process 
involves the following steps (FDA/CFSAN, 2003b): 

 
1. Define the substance–disease relationship. 
2. Identify relevant studies. 
3. Classify relevant studies. 
4. Rate the relevant studies for quality. 
5. Rate the studies for the strength of the body of evidence. 
6. Report the rank. 
 
 

                                                           
1Abbreviated in FDA publications as SSA. 
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Definition of Substance–Disease Relationship 
 
The substance means a specific food or a specific component of a 

food in a conventional food or a dietary supplement (FDA, 2006a). The 
disease or health-related condition means “damage to an organ, part, 
structure, or system of the body such that it does not function properly 
(e.g., cardiovascular disease) or a state of health leading to such dysfunc-
tioning (e.g., hypertension” [FDA, 2006b]). 

 
 

Identification of Relevant Studies 
 

Relevant studies include intervention and observational studies that 
involve healthy people and that measure the risk of the disease or health-
related condition named in the claim. Animal and in vitro studies, review 
articles, meta-analyses, and book chapters are not relied upon. The last 
three types of sources, however, may be used to identify additional rele-
vant studies. Intervention and observational studies with fatal flaws are 
excluded. Examples of such flaws are the lack of a control group or a 
nonvalidated surrogate endpoint in an intervention study and the exclu-
sion of key confounders of risk in an observational study. 

 
 

Classification of Relevant Studies 
 
FDA considers intervention studies to be the “gold standard” and 

uses intervention studies that measure modifiable risk factors. Among the 
observational studies, prospective cohort studies are considered more 
reliable than case–control studies and cross-sectional studies. Two key 
elements of such studies are the measurement of the intake of the sub-
stance and the handling of factors (such as age and weight) that could 
confound the results. 

 
 

Rating of Quality  
 

The factors considered in rating the studies for quality include the 
study design and the inclusion and exclusion criteria used, the balance of 
population characteristics, verification of compliance, and the statistical 
methods used. 
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Rating of Strength of the Evidence 
 

The factors used to rate the strength of the body of evidence include 
the types, quality, and quantity of studies; the study sample size; the con-
sistency of the findings; replication of the findings; and relevance to the 
general population or target subgroup. 

 
 

Ranking 
 
Different levels of scientific evidence result in different qualifying 

language, as shown in Box 4-1. The qualifying language provided in the 
task force report (FDA/FSAN, 2003a) provides examples only; the lan-
guage may vary depending on the specific circumstances of each case. 

 
 

Results from Selected Evidence-Based Reviews 
 
 

Lycopene/Tomatoes and Cancer 
 

In 2004, FDA received two petitions requesting a large number of 
health claims for tomatoes, tomato products, and the carotenoid lycopene 
in relation to reduction in the risk of cancer. The petitions cited a large 
number of publications and websites. Through a literature search, the 
FDA identified additional publications. None of the intervention studies 
identified were credible because all evaluated the treatment of men diag-
nosed with prostate cancer. A review of the observational studies elimi-
nated many studies. Of the 13 relevant observational studies evaluating 
the relationship between tomatoes or tomato products and prostate can-
cer, 6 indicated a reduction in risk and 7 reported no association. The 
prostate cancer claim language statement for food labeling is, “Very lim-
ited and preliminary scientific research suggests that eating one-half to 
one cup of tomatoes and/or tomato sauce a week may reduce the risk of 
prostate cancer.” FDA concludes that there is little scientific evidence 
supporting the claim. 
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BOX 4-1 
INTERIM EVIDENCE-BASED RANKING SYSTEM FOR HEALTH CLAIMSa 

 
Significant Scientific Agreement Health Claim: high level of comfort (A) 
 “. . . may reduce the risk of . . . “ 
 
Qualified Health Claims 

• Moderate/good level of comfort (B) 
“ . . . not conclusive.” 

• Low level of comfort (C) 
 “ . . . limited and not conclusive.” 
• Extremely low level of comfort (D) 
 “ . . . Very limited and preliminary scientific research . . . .” 

aThe precise language used by the agency in exercising enforcement discre-
tion may vary depending on the specific circumstances of each case. 
 
SOURCE: FDA/CFSAN, 2003a. 

 
 
Chromium Picolinate and Type 2 Diabetes 

 
A review of the evidence identified five credible intervention studies 

of chromium picolinate intake and the risk of type 2 diabetes (T2D). 
Four of these studies showed no effect of chromium picolinate on blood 
sugar levels, and a single study showed a beneficial effect of chromium 
picolinate on insulin resistance. Qualifying health claim language in this 
case includes “a relationship between chromium picolinate and either 
insulin resistance or T2D is highly uncertain.” 

 
 

Green Tea and Breast Cancer 
 

A review of the evidence identified three credible observational stud-
ies relating green tea intake to the risk of breast cancer. Two of these 
were prospective cohort studies that showed no relationship, and one was 
a case–control study that showed a beneficial relationship. Qualifying 
health claim language in this case includes “it is highly unlikely that 
green tea reduces the risk of breast cancer.” 
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Concluding Remarks 
 

Kathleen Ellwood encouraged participants to visit the FDA website 
for more detailed information on this topic. 

 
 

OPEN DISCUSSION 
 

Moderator: Michael Doyle 
 

The key points made during the open discussion have been incorpo-
rated into Chapter 6, Perspectives on Challenges and Solutions: Sum-
mary Remarks and Suggested Next Steps. 
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New Developments in and Challenges to 
Nutritional Risk Assessment 

 
 
 
 
 
 
 
A number of new developments can have an impact on nutritional 

risk assessment. In this session, moderated by Robert L. Buchanan, John 
Milner addressed the roles of nutrigenomics and population variability in 
nutritional risk assessment and challenges that these factors present; 
Amy Subar reviewed dietary intake assessment methods, and described 
innovative methods to collect and analyze food and nutrient intake data; 
and Joanne Holden described the major U.S. source of food composition 
data, the expansion of these data, and uncertainties and data needs. No 
open discussion occurred at the end of the session. 

 
 

ROLES OF NUTRIGENOMICS AND POPULATION 
VARIABILITY IN NUTRITIONAL RISK ASSESSMENT 

 
Presenter: John Milner1 

 
John Milner described nutrigenomics as a three-phased prong that 

involves nutrigenetics, nutritional epigenetics, and nutritional transcrip-
tomics (Figure 5-1). In his presentation, Milner focused on genomics, the 
very wide variability among individuals seen in study results, other com-
plicating factors, and the potential value of genetic information. 

 
 
 

 
                                                           

1John Milner stated that the opinions that he expressed are his own and not necessarily 
those of the National Cancer Institute. 
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FIGURE 5-1 Interrelationships of bioactive food components, nutrigenom-
ics, and other factors that influence cellular processes. 
 
 

Genomics and Variability 
 
Genomics is an exceedingly complex topic, in part because there are 

approximately 30,000 genes and 8 million to 10 million single-nucleotide 
polymorphisms (SNPs). Few intervention studies, however, have truly 
tested the importance of SNPs to gene expression. Most of the evidence 
about the effects of diet as an environmental stimulus on gene expression 
comes from observational studies of differences in the patterns of deoxy-
ribonucleic acid (DNA) methylation in response to folate intake. Issa et 
al. (2001), for example, showed a 300-fold variation in the methylation 
pattern among individuals. 

An individual’s response to dietary interventions will depend in part 
on his or her genetic background (nutrigenetic effects), the cumulative 
effects of food components on genetic expression profiles (nutritional 
transcriptomic and nutritional epigenomic effects), the occurrence and 
activities of proteins (nutritional proteomic effects), and the dose and 
temporal changes in cellular low-molecular-weight compounds (me-
tabolomic effects). 

The examination of epidemiological data from studies on the rela-
tionships of food or food components to health outcomes reveals much 
variability in outcomes both among studies and within single studies. 
Examples include studies that have addressed the influence of soy on the 
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relative risk of breast cancer, the influence of tomato intake or plasma 
lycopene concentration (a potentially useful biomarker) on the relative 
risk of prostate cancer, and the influence of tomato and tomato product 
intake on serum lycopene concentrations. The wide variability in out-
comes suggests that a number of factors may be involved, such as the 
region of the world where the study was conducted, the inclusion of both 
premenopausal and postmenopausal women, the form in which the prod-
uct was consumed, and genetic differences among the subjects. Milner 
suggested that a solution may result from an increased understanding of 
genomics and of the associated genetic processes and how they affect the 
overall phenotype of an individual. 

 
 

Other Complicating Factors 
 
 
The Complex Nature of Food 

 
Approximately 25,000 bioactive food components exist in the overall 

food supply. This leads to the question, “Which of the many dietary 
components are the most important for evaluating nutritional risk?” Can-
didates include essential nutrients but also many types of nonessential 
food components: 

 
• phytochemicals, such as carotenoids and isothiocyanates; 
• zoochemicals, such as conjugated linoleic acid and omega-3 

fatty acids; 
• fungochemicals, especially compounds with biological activity 

that are found in mushrooms; and 
• bacteriochemicals, which are products formed during fermenta-

tion and compounds resulting from the action of the intestinal 
flora. 

 
The prioritization of dietary variables poses a substantial challenge. 
 
 
Microbes 

 
Microbes account for about 9 percent of the cells in the human body, 

but ordinarily they are overlooked in studies. Mammalian genes can af-
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fect the actions of some microbes that grow in the gastrointestinal tract. 
Among a large percentage of individuals of Asian descent, for example, 
gastrointestinal microbes metabolize soybeans to form equol, a substance 
that possesses anticancer properties (Decroos et al., 2005, 2006); but the 
occurrence of equol production varies widely among individuals and 
populations (Setchell and Cole, 2006). 

 
 

Amounts and Times of Administration of a Food Component 
 
In an intervention trial, Duffield-Lillico and colleagues (2002) found 

that the response to supplemental selenium differed by baseline selenium 
status. If the time of dietary exposure differs—before or after age 55 
years, for example, in the study by Limburg et al. (2005)—the dietary 
exposure may create a different response among individuals. Moreover, a 
study by Swami and colleagues (2005) suggests that dynamic interac-
tions among different food components may influence the quantity of a 
substance needed for a response. 

 
 

Potential Value of Genetic Information 
 
Genetic information may assist the nutritional risk assessment pro-

cess in a number of ways, including the following: 
 
1. the identification of people who must achieve minimum nutrient 

intakes to reduce their risk (e.g., see Wong et al., 2003); 
2. the identification of those people who would benefit the most 

and those who would benefit the least from dietary change (e.g., 
see Ordovas et al., 2002); 

3. the identification of those at risk of a specific adverse effect 
(e.g., see Rapuri et al., 2001); 

4. the formulation of appropriate interventions; and 
5. improved interpretation of study results (e.g., see Yang et al., 

2001). 
 
For people with specific genetic polymorphisms, a study by Ahn and 

colleagues (2004) suggests that the benefits of the intake of fruits and 
vegetables may appear once a threshold intake is exceeded. Ordovas and 
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coworkers (2002) reported that setting an intake goal may decrease the 
risk in some individuals but increase the risk in others. 

 
 

Concluding Remarks 
 
In conclusion, Milner stressed that (1) understanding nutrigenomics 

is fundamental to establishing sensitive and reliable biomarkers that will 
be useful in assessing risk, (2) effective communication is needed so that 
consumers can understand the relevance of their own genetics to protect-
ing their health, and (3) a bioethical framework must be upheld to pre-
vent discrimination. 

 
 

MEASURING USUAL DIETARY INTAKE 
FOR RISK ASSESSMENT 

 
Presenter: Amy F. Subar 

 
The precision of any dietary risk assessment depends on the strength 

of the intake assessment. Amy Subar addressed the strengths and the 
limitations of major dietary intake assessment methods and introduced 
some innovative methods for the collection and analysis of data. 

 
 

Major Intake Assessment Methods Used in Population 
Studies and Their Strengths and Limitations 

 
The major intake assessment methods include food records or dia-

ries, 24-hour dietary recalls, and food frequency questionnaires (FFQs). 
Subar also mentioned methods that use biomarkers. 

 
 

Food Records or Diaries 
 
Food records or diaries require the subject to record all foods that he 

or she consumed, including their amounts. The methods used to obtain 
food records or diaries vary considerably. For example, investigators 
may or may not train the respondents, conduct a detailed review of the 
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records, or use highly standardized coding rules. Some investigators have 
developed electronic methods involving personal digital assistants or cell 
phones. 

 
Strengths  Food records and diaries provide detailed, quantified in-

formation about intake that could be relatively accurate. The data are rich 
with regard to information about nutrient intake, cooking practices, and 
meal and eating frequencies. 

 
Limitations  A major limitation of food records or diaries is that the 

process of recording food intakes influences the diet and may thus intro-
duce bias. Moreover, the method requires literacy, imposes a large bur-
den on both the respondent and the investigator, and is subject to sample 
selection bias. Recording becomes even less complete over time, and 
underreporting is typical, especially for overweight or obese respondents. 

 
 

Twenty-Four-Hour Dietary Recalls 
 
The 24-hour dietary recall method is widely used in dietary surveil-

lance. The interviewer asks the respondent questions to obtain informa-
tion on the types and the amounts of all foods that the respondent 
consumed during a defined 24-hour period. Variations in the approach 
used to obtain 24-hour recalls include the extent of the training of the 
interviewers, the standardization of probing questions, the method of 
administration, and the use of aids to estimate portion size. 

 
Strengths  The strengths of 24-hour recalls are similar to those of 

food records or diaries, with two additions: the recalls (1) do not affect 
eating behavior and (2) are subject to less sample selection bias than are 
food records or diaries. 

 
Limitations  A key limitation of the 24-hour recall method is that 

subjects have imperfect knowledge and memory of their food consump-
tion. Recalls are costly to administer, and a single day’s recall is insuffi-
cient to estimate one’s usual intake (the theoretical long-run average 
daily intake) of a dietary component. As with food records, reporting 
may be less complete with subsequent recalls, and underreporting is 
typical. 
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Food Frequency Questionnaires 
 
FFQs address the need for a feasible method to collect dietary intake 

data in large studies. FFQs vary in the foods that they include, the meth-
ods of addressing portion size and food preparation, the period covered, 
and other characteristics. Different methods are used to develop the food 
list and the corresponding nutrient database. The food list and database 
may be developed with a specific population subgroup in mind. 

 
Strengths  The strengths of FFQs include their low respondent bur-

den, their attention to the usual individual intake of foods with one ad-
ministration of the FFQ, the low cost of administration and processing of 
the FFQ, and the lack of an effect on eating behavior. 

 
Limitations  FFQs lack detail, require literacy, are cognitively com-

plex, and are subject to severe measurement error. Different FFQs may 
perform differently, and different populations may respond differently to 
the same FFQ. 

 
 

Biomarkers 
 
If the presence of a biological compound had a strong relationship to 

the intake of a nutrient, it could provide the basis for a useful method to 
assess the intake of that nutrient. A recovery biomarker is one that repre-
sents a one-to-one relationship. (Doubly labeled water and urinary nitro-
gen are two examples of a recovery biomarker.) A concentration 
biomarker reflects the biological response to the intake of a nutrient in 
terms of a complex metabolism. (Serum selenium and serum ferritin are 
examples of concentration biomarkers.) Concentration biomarkers can-
not be used to assess the amount of a nutrient consumed, but they do cor-
relate with the amount consumed. Some forms of nutrients in the body 
have no relationship to nutrient intake at all because their concentration 
is closely regulated by physiological processes. 
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Innovative Methods of Collecting 
and Analyzing Intake Data 

 
Investigators are exploring the automation of instruments to simplify 

and reduce the costs of data collection. Such instruments include World 
Wide Web-based FFQs and 24-hour diet recalls. In addition, the National 
Cancer Institute (NCI) has developed an approach that combines dietary 
assessment methods to improve overall estimates of population intake 
distributions and individual intakes. With the NCI method of analyzing 
intake data, the strengths of the two methods may be complementary. 

 
 

Automated Methods of Data Collection 
 
Subar described the NCI’s prototype for an automated self-

administered 24-hour recall (ASA24). It is intended to be user-friendly. 
For example, it allows the user to search and browse for foods, includes 
pictures for the identification of foods and the estimation of portion size, 
lists all the selections made, and asks questions. NCI’s vision is that 
ASA24 will be a complete system for probing, coding, and analysis that 
can be updated easily and that is publicly available on the Web. It would 
also be adaptable to other languages. Modeled after the dietary surveil-
lance system in the National Health and Nutrition Examination Survey, it 
would allow the collection of multiple 24-hour recalls at a minimal cost. 
Among the next steps in the development of ASA24 are cognitive testing 
and validation against interviewer-administered recalls. 

 
 

National Cancer Institute Method to Estimate Usual Intake 
 
To estimate the proportion of the population with intakes above or 

below a particular cutoff point, one needs to estimate the usual intake 
distribution for the population. To do this, investigators have used data 
from 24-hour recalls or from food records and statistical modeling (typi-
cally, the National Research Council method [NRC, 1986] or the Iowa 
State University method [Nusser et al., 1996]). These statistical methods 
are well established for most nutrients and for foods consumed daily by 
nearly everyone. The methods are less useful for estimation of the usual 
intake of foods consumed episodically, especially because of the large 
number of zero intakes. 
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In response to the challenge, the NCI method decomposes usual in-
take as follows: 

 
Usual intake = consumption probability × intake on consumption day 

 
The relative frequency of nonzero 24-hour recalls provides informa-

tion about the consumption probability. Because the amounts consumed 
on consumption days are always positive, standard statistical methods 
can provide the distribution of the usual intakes on the consumption day. 
Combining both distributions produces an estimate of the distribution of 
usual intake. 

The NCI method for foods uses a two-part nonlinear mixed model to 
correlate the intake probability and the intake amount. The use of covari-
ates allows direct evaluation of the effects of covariates on usual intake 
and helps correct for measurement error. The Food Propensity Question-
naire, an FFQ that asks about the long-term frequency of intake but not 
about portion sizes, could be used as a covariate in the NCI model. This 
use of the Food Propensity Questionnaire in conjunction with the 24-
hour recall removes concerns about the bias introduced by FFQs when 
they are used to estimate absolute intake. Moreover, combining data 
from the 24-hour recalls and the Food Propensity Questionnaire may 
substantially improve the estimates. Further information on these meth-
ods is published in The Journal of the American Dietetic Association 
(Dodd et al., 2006; Subar et al., 2006; Tooze et al., 2006). 

 
 

Concluding Remarks 
 
Subar concluded by emphasizing that good estimates of usual intakes 

are necessary for risk assessment and that good models with which to 
make such estimates are available. Continued research on methods and 
analytical techniques for estimating intakes is needed to improve nutri-
tional risk assessment. 
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NUTRIENTS AND FOOD COMPOSITION: DATA NEEDS 
 

Presenter: Joanne M. Holden 
 
The assessment of the intake of dietary components requires infor-

mation on the composition of foods and of supplements. Sources of food 
composition data include the U.S. Department of Agriculture (USDA), 
the food industry, developers of secondary databases, databases in other 
nations and regions, the scientific literature, and limited food analyses 
conducted for specific studies. Joanne Holden described the work of 
USDA’s Agricultural Research Service in relation to food composition 
data, highlighted the collaborative nature of the National Food and Nu-
trient Analysis Program (NFNAP), and concluded by identifying data 
and resource needs. 

 
 

Current Status of USDA’s Food Composition Data 
 
As shown in Figure 5-2, data flow into the USDA nutrient databank 

from many sources. After the data that are received undergo review, 
evaluation, and estimation, USDA releases the information in a number 
of different forms. The most notable of these forms is the National Nutri-
ent Database for Standard Reference (SR), which is the authoritative 
source of food composition data for the United States. This database 
covers a wide array of foods (more than 7,200), including agricultural 
commodities, processed and prepared foods, formulated foods, selected 
brand name foods and fast foods, candies, and beverages. The 19th 
edition of the database (SR19) includes both original analytical 
data and calculated data, giving values for up to 140 nutritional compo-
nents. The nutrient composition of each food is presented for various 
weights and measures (e.g., 100 grams, one-half cup, one medium piece 
[of a specified weight] of the food). Recently, the nutrient units used 
(e.g., dietary folate equivalents) have been harmonized with those used 
for the Dietary Reference Intakes. The data are available at www.ars. 
usda.gov/nutrientdata. 
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FIGURE 5-2 Sources of data and information flow for the U.S. Department 
of Agriculture’s nutrient databank. NOTE: FCL = Food Composition Labo-
ratory, FDA = Food and Drug Administration, NFNAP = National Food and 
Nutrient Analysis Program, USDA = U.S. Department of Agriculture. 
 

The databank is expanding to include nonnutrients, new sources of in-
formation about traditional nutrients, specific forms of food components 
(e.g., the carotenoid lutein), and compounds used in large amounts in 
foods or dietary supplements. Among the substances added over the past 
few years are five subclasses of flavonoids, trans-fatty acid, choline, 
proanthocyanidins, added sugars, and fluoride. Some of these substances 
appear in special-interest databases. Extensive product reformulations 
(such as in response to concerns and regulations related to trans-fatty 
acids) sometimes require time-consuming updates. 

Efforts are under way to develop fast and accurate high-capacity nu-
trient profiling methods that use food extracts. Intended uses include the 
categorization of foods, the identification of food components, and the 
quantification of the amounts of selected components. 

The goal is for the SR data to be representative of the nutrient profile 
of the national food supply and to be applicable to populations and vari-
ous subpopulations and to clinical and metabolic studies. USDA makes 
the data available in several electronic forms, which provide numerous 
advantages over printed volumes. 
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National Food and Nutrient Analysis Program 
 
The NFNAP is a cooperative effort that is supported by many insti-

tutes of the National Institutes of Health (NIH); the Food and Drug Ad-
ministration; and a number of other partners from the U.S. Department of 
Health and Human Services, USDA, the food industry, and universities. 
The NFNAP effort includes the identification of key foods and nutrients 
for analysis, the evaluation of the quality of existing data, the develop-
ment and implementation of a plan for the nationally based sampling of 
foods, the analysis of sampled foods using valid methods and rigorous 
quality control procedures, and the compilation and dissemination of rep-
resentative estimates, including variability estimates.  

Key foods are defined as the list of foods that provide about 75 per-
cent of the dietary intake of a specific food component. Some foods are 
key foods for several nutrients. Examples of key foods include fluid milk 
(both milk with 3.25 percent milk fat and milk with 2 percent milk fat), 
whole chicken eggs, and pizza. The dynamic nature of the U.S. food 
supply calls for periodic updates of key foods. For example, recent work 
on the selenium content of ground beef found that the variation in sele-
nium content by geographic region was less than expected. Currently, 
work is under way through NFNAP to sample and update the informa-
tion on 105 foods. 

 
 

Uncertainties Regarding the Composition 
of Foods and Supplements 

 
The variance in the composition of foods is a function of the vari-

ance of components inherent to the food and of the variance associated 
with the method used to analyze the food. Important issues related to the 
compositions of foods and supplements include the statistical bias that 
occurs with changes in the food or supplement formulation, the variabil-
ity in composition, the validity of the analytical methods, the actual forti-
fication levels, and the specificities of the descriptions of the reported 
foods. The assessment of the composition of selected fortified foods has 
revealed some rather large discrepancies between label claims and the 
actual content determined on analysis. 

USDA, the Office of Dietary Supplements at NIH, and others are 
conducting pilot research on the compositions of dietary supplements. 
They are developing a dietary supplements ingredients database with 
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selected analytical verification of the data in the database. It will become 
available on the Web and initially will include data on the ingredients in 
vitamin and mineral preparations, amino acid preparations, fortified 
foods, and beverages. Later, it will include data on the ingredients in 
herbal and other botanical products. 

 
 

Concluding Remarks 
 
Holden’s closing remarks focused on food composition data needs 

and the need for resources. Key data needs include the following: 
 
• new food composition data to match changing food consumption 

patterns, 
• estimates of the contents of food components that are important 

to the public’s health, 
• estimates of variability in foods (such as foods of different culti-

vars or from different geographical locations), and 
• more specific data for brand-name products. 

 
In addition, there is a need for valid and robust analytical methods 

and for reference materials for quality control. Sustained federal funding, 
especially from USDA but also from NIH and other federal departments 
and agencies, is critical to support the acquisition, compilation, and 
analysis of food composition data. Continued collaboration with the food 
industry is needed to obtain current data about the compositions of prod-
ucts, support for sampling and analysis, and support for the dissemina-
tion of the data. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

 

79 

6 
 

Perspectives on Challenges and Solutions: 
Summary Remarks and Suggested Next Steps1 

 
 
 
 
 
 
 
 

During the final session, moderated by Robert L. Buchanan, repre-
sentatives of five sectors summarized key points from their perspectives, 
as follows: Catherine E. Woteki, industry; Barbara O. Schneeman, gov-
ernment; Gregory Paoli, risk assessment; Darlene Adkins, consumers; 
and Laina Busch, public health. The meeting ended with a lively open 
discussion involving many individuals, as did three of the earlier ses-
sions. To capture the richness of the final presentations and of the open 
discussions throughout the meeting, this chapter organizes the points 
made under two major categories: the risk assessment process and con-
sumer perspectives. 

 
 

THE RISK ASSESSMENT PROCESS 
 
Several participants described risk assessment as a systematic pro-

cess for organizing and evaluating existing knowledge and its limitations. 
The workshop presenters pointed out the complexity of the process and 
issues of uncertainty that need to be addressed. Gregory Paoli empha-
sized that risk assessment is a tool that can be used to manage both un-
certainty and complexity. Risk managers find the product of a well-

                                                           
1Special thanks were given to Kathleen Koehler of the Office of the Assistant Secre-

tary for Planning and Evaluation of the U.S. Department of Health and Human Services, 
Marianne Miliotis of the Food and Drug Administration, Michael D. McElvaine of the 
Office of Risk Assessment and Cost–Benefit Analysis of the U.S. Department of Agricul-
ture, Suzanne Harris and Stephen Olin of the International Life Sciences Institute, and 
Maria Oria of the Institute of Medicine’s Food and Nutrition Board for their work in 
helping to organize the workshop. 
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conducted risk assessment useful in their decision making: the process 
lays out the evidence, the assumptions that have been made, and the limi-
tations of the evidence. 

The Dietary Reference Intake (DRI) process introduced the use of 
the risk assessment model for assessing nutritional risk in the United 
States and Canada. According to Barbara Schneeman, the work on DRIs 
demonstrated benefits to the use of the risk assessment model for nutri-
tion and the potential value of improving the process. Catherine Woteki 
indicated that much can be learned from the DRI process, from recent 
applications of risk assessment to microbiological risks, and from work 
on the evidence-based review process—each of which evolved over the 
past decade. 

 
 

Ways of Thinking About Risk 
 
The workshop presenters examined aspects of different types of risk. 

Fundamental questions related to the use of nutritional risk assessment in 
setting DRIs include, How do you state the problem? and What are the 
endpoints? Among the possible endpoints of a nutritional risk assessment 
are the prevention of nutrient deficiency diseases, the maintenance of the 
body pool or of body stores of nutrients, the maintenance of body func-
tion, the reduction of risk factors for chronic diseases, chronic disease 
prevention, and the prevention of toxicity. 

One challenge may be defining the context for risk: To whom does 
the risk or benefit apply? How do genotypes fit in? Another challenge is 
addressing the risk (and the benefit) for the population as a whole. 
Should a nutrient risk assessment weight a public health issue more 
heavily than a nutrient shortfall that is identified on the basis of a bio-
chemical parameter? How does one risk trade off from another? Well-
conducted nutritional risk assessments can provide key information to 
risk managers who need to develop policies related to food fortification 
and dietary supplements. 

What are the challenges and opportunities for risk assessments that 
involve dietary patterns rather than a single nutrient? Alice Lichtenstein 
suggested that a model that captures dietary behavior combined with one 
or two validated biomarkers might be a useful approach to addressing the 
risks associated with dietary patterns. 

Participants raised many other questions, such as the following: Does 
a probability of benefit (as is implied by health claims on food products) 
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create other types of risk by implying that one food should be eaten in 
place of another? Instead of addressing each topic in isolation, how can 
the full range of options be understood and presented to enable the full 
impact of proposed policies to be considered by risk managers? Joseph 
Rodricks indicated that there are tools for examining the risks of excess 
together with the risks of inadequacy. Several participants emphasized 
that the process of finding answers for many of these questions is only in 
the early stage. 

Considerable discussion focused on distinctions between risk–risk 
assessments and risk–benefit assessments. Barbara Petersen considered 
the differences in the two approaches to be semantic. A number of par-
ticipants stated that a risk–risk approach is essential to nutrient risk as-
sessment; others indicated that communication that uses a risk–risk 
terminology can be very problematic to consumers because consumers 
think in terms of risk and benefit. 

 
 

Expanding Applications of Risk Assessment in 
Setting Dietary Reference Intakes 

 
Suzanne Murphy challenged the group to consider the extent to 

which risk assessment approaches would be applicable to establishing 
nutrient intake recommendations. Is it appropriate to use one method to 
set Estimated Average Requirements (EARs) and an entirely different 
method to set Tolerable Upper Intake Levels (ULs)? In particular, could 
some aspects of models of risk assessment be used to set EARs, and 
could some aspects of setting requirements be used to set ULs? Barbara 
Schneeman and Gregory Paoli both noted that the approach used to set 
EARs incorporates elements of risk assessment. Schneeman pointed out 
that the provisional definition of nutritional risk developed by the Codex 
Committee for Nutrition and Foods for Special Dietary Use incorpo- 
rates the probability of an adverse health effect associated with either the  
excessive or the inadequate intake of a nutrient or some other food  
component. 

Considering the obstacles to studies involving high doses of sub-
stances, several participants pointed out the need for further work in de-
veloping models for estimating the distributions of risk. Richard Forshee 
suggested that priority be given to nutrients for which the difference be-
tween the amount specified for the Recommended Dietary Allowance 
and the amount specified for the UL is small. Sanford Miller suggested 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

82 NUTRITIONAL RISK ASSESSMENT 
 

 

that Barbara Petersen’s Beneficial Utility Index model merits a closer 
look for use for nutritional risk assessment that addresses both low and 
high intakes of a nutrient. 

 
 

Using Tools in Nutritional Risk Assessment 
 
Among the nutritional risk assessment tools discussed were 

biomarkers, methods for collecting dietary data, and evidence-based 
reviews. 

 
 

Biomarkers 
 
The term biomarkers actually covers three concepts for different 

types of indicators: (1) biomarkers for nutrient intake, (2) biomarkers for 
susceptibility to disease, and (3) biomarkers of effect (biomarkers that 
indicate a causal relationship between intake of the nutrient and the oc-
currence of the disease). 

 
 

Dietary Data Collection Methods 
 
New tools are in development for the collection of accurate dietary 

data and their appropriate analysis. The U.S. Department of Agriculture 
has an ongoing program for updating and expanding food composition 
data. Considerable concern was raised that bias is likely to be present in 
estimates of dietary intakes (including supplement intakes) and that the 
bias could affect estimates of the percentage of the population with in-
adequate or excessive intakes. Major sources of bias include (1) the un-
derreporting of dietary intakes and (2) overages in the labeled contents of 
supplements and fortified foods, especially for labile nutrients such as 
vitamin C. For both folate and vitamin A, estimates from U.S. dietary 
data indicate that large proportions of the population have inadequate 
intakes, but laboratory data do not support that finding. 

From a different perspective, dietary data may be the most accurate 
data available to risk assessors. Information on the accuracy of the re-
porting of supplement use is not yet available. To understand dietary data 
better, Barbara Petersen suggested the examination of data from consum-
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ers with reported high nutrient intakes and the use of scaling methods 
once estimates of the extent of the bias are available. 
 
 
Evidence-Based Reviews  

 
Alice Lichtenstein expressed the view that finding ways to apply the 

evidence-based review approach to the DRI process would require con-
siderable work. Challenges include data limitations and the extensive 
resources needed for such reviews. In the establishment of DRIs, a major 
role for evidence-based review may be to frame the nutritional risk as-
sessment questions and identify whether the evidence for answering the 
questions exists. Evidence-based reviews set criteria in advance and 
clearly define the process for examining the scientific literature. 

 
 

Using Data from Observational Studies Versus Data from 
Randomized Controlled Trials 

 
The workshop speakers and other participants expressed different 

points of view regarding the value of data obtained from observational 
studies in comparison with data from randomized controlled trials. For 
example, Alice Lichtenstein noted the discordance between data from the 
two types of studies, whereas Julie Mares expressed the view that the 
interpretation of the observational data may have been in error. It is in-
appropriate to use findings from observational studies of food–disease 
relationships to draw conclusions regarding supplements, for example. 

 
 

Addressing Uncertainty 
 
The handling of uncertainty was a topic of considerable discussion 

among the workshop participants. Scientific uncertainty usually repre-
sents variability around a point estimate. Several participants stated that 
the uncertainty factors used in the DRI process to set ULs do not reflect 
scientific uncertainty. Instead, the uncertainty factors are more like safety 
factors, in that they consider the severity of the effect or they attempt 
to provide a way to extrapolate from one type of data to another. A num-
ber of participants expressed concern that bias and risk management 
decisions entered into the setting of the uncertainty factors. These par-



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

84 NUTRITIONAL RISK ASSESSMENT 
 

 

ticipants called for a reexamination of the use of the uncertainty factor in 
setting ULs. 

Several participants noted the importance of addressing uncertainty 
more explicitly with regard to setting both the EAR and the UL. Barbara 
Petersen’s method of expressing uncertainty by the addition of upper and 
lower limits to her efficacy and toxicity curves (Figure 3-4 in Chapter 3) 
serves as one example of how to do this. Joseph Rodricks mentioned that 
there are some formal tools for weighing uncertainties and the knowl-
edge of adverse effects versus other considerations. 

 
 

Maintaining Appropriate Separation Between Risk Assessment 
and Risk Management 

 
Several participants underscored the importance of clear communica-

tion between risk assessors and risk managers at the problem formulation 
stage, before the risk assessment begins. Laina Bush argued that the 
economists and other social scientists involved in regulatory impact 
analysis should also be involved in the problem formulation step. Risk 
assessors need to understand what kinds of information the risk managers 
require for their decision making. 

The development of probabilistic models of the distribution of risk 
instead of determination of a cutoff point might help address concerns 
about the inappropriate incorporation of risk management decisions into 
the risk assessment. Robert Buchanan suggested that the risk assessment 
entail a clear description of the relationship between exposure and 
risk and that a second group (the risk managers) decide the level of 
intake that is safe. That is, given a distribution of risk and other relevant 
information, the risk manager would decide the point on the distribution 
curve that should be targeted. The report Dietary Reference Intakes: Ap-
plications in Dietary Planning (IOM, 2003) gives an example of this ap-
proach with regard to deciding what point to target on the distribution 
around the EAR. 

Catherine Woteki pointed out that federal agencies make risk man-
agement decisions using information provided by the DRI process, 
an approach that is somewhat analogous to the separation of risk man-
agement and risk assessment. Numerous participants emphasized that 
value judgments that occur in the risk assessment process need to be 
clearly identified. 

 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

SUMMARY REMARKS AND SUGGESTED NEXT STEPS 85 
 

 

Possible Next Steps 
 
Workshop to Explore the Risk Assessment Model 

 
Catherine Woteki suggested that holding a workshop of several days’ 

duration, as briefly described below, could serve as a useful next step: 
 
• Conduct a trial risk assessment of a single nutrient. 
• Select a nutrient and a risk assessment model or models in 

advance. 
• Explore the application of the model(s) to the nutrient: define 

questions and endpoints, identify available and needed data, and 
identify the assumptions to be used. 

• Evaluate the results. 
• Determine data and resource needs. 
• Address the appropriateness of the risk assessment model or 

models to nutrition in terms of biology and public health. 
 

Several participants supported the potential value of such an 
approach. 

 
 

Methodological Research and Data Collection 
 
Methods  Gregory Paoli emphasized that there is a great need for 

methodological research—that is, research on the mathematical proper-
ties of the problem conducted with hypothetical data. Such research 
would allow one to learn, for example, how important it is to have data 
on the standard deviation and the tails of the distribution. Are such data 
really needed to obtain a robust estimate of risk? Risk assessors can use 
this knowledge to guide the selection of the data to be collected. Econo-
mists have developed methods that can be used to compare different out-
comes, and these could be informative for the nutritional risk assessment 
process. 

Other potentially useful methods include (1) the exploratory analysis 
of large data sets on supplements to search for toxic effects and (2) the 
use of pharmacokinetic or toxicokinetic modeling with animal studies 
and in vitro data. Joseph Rodricks stated that, in the chemical area, toxi-
cokinetics can be especially helpful in providing a basis for methods to 
extrapolate across species and across doses and an understanding of vari-
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ability in populations. Thus, he suggested that toxicokinetic methods be 
considered for use with nutritional risk assessment. Several participants 
emphasized the importance of developing and using animal models more 
extensively, with the ferret–carotene model given as an example of how 
one can obtain valuable information on dose–response. The use of such 
models would require research on methods for the extrapolation of the 
findings from those studies to humans. 

The Beneficial Utility Index described by Barbara Petersen was 
viewed as a promising new model by some, especially if it can ade-
quately incorporate susceptibility, duration of exposure, and delayed re-
sponse. Joseph Rodricks suggested the exploration of methods that 
consider quality-of-life factors, such as the disability-adjusted life years 
method, to find useful quantitative approaches to the comparison of dif-
ferent health endpoints in nutritional risk assessment. 

Gregory Paoli pointed out that, in other fields of study, considerable 
time and effort are expended on characterizing and testing risk assess-
ment methods before they are used as a basis for decision making. Sev-
eral participants called for the development of more robust methods 
before a crisis arises. 

 
Data collection  Several presenters and other participants noted the 

urgent need for data, including data that could be useful for methodo-
logical research. Much emphasis was placed on the need for dose–
response data. Dietary Reference Intakes Research Synthesis, Workshop 
Summary (IOM, 2007), is a useful source of information on data needs. 

Some participants called for the purposeful collection of data on the 
adverse effects of nutrients and other food components and for investiga-
tors to build plans for the collections of such data into their applications 
for federal funding. Robert Buchanan suggested a two-part plan: (1) the 
development of a framework that would allow data from different studies 
to be combined for analytical purposes and (2) action to convince a 
group of researchers to collect their data using that framework. A chal-
lenge in grant applications would be the incorporation of a consistent 
framework for data collection while leaving room for individual creativ-
ity in experimental design. Consideration would need to be given to the 
length of the observation period needed to obtain an accurate assessment 
of adverse events. 
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CONSUMER PERSPECTIVES 
 
Darlene Adkins expanded on comments made during the discussions, 

underscoring the point that uncertainties and complexities that challenge 
risk assessors and managers lead to challenges to consumers as well. 
Consumers find it difficult to make sense of the glut of nutrition informa-
tion that they receive—information that comes from a very wide range 
of sources, with much of it unsolicited. Kathy Wiemer, for example, 
noted that even nutrition professionals tend to perceive, incorrectly, that 
any intake that is above the UL is dangerous. John Milner and Darlene 
Adkins pointed out that individuals vary in their responsiveness to the 
benefits or the risks from dietary changes and that this needs to be con-
sidered in consumer education efforts. 

Communicators need to provide consumers with messages that are 
credible, reliable, objective, and unbiased. Ways need to be found to pre-
sent the complexities in an understandable manner—one that allows the 
consumer to make sound decisions that consider the facts in the light of 
the consumer’s own situation. In particular, Darlene Adkins called for a 
reassessment of the nutrition label, an exploration of how consumers 
can be equipped to handle more complete nutrition information, and 
ways to provide useful nutrition information about food consumed at 
food establishments. To accomplish these tasks more effectively, both 
Darlene Adkins and Laina Bush called for research on consumer behav-
ior and factors that influence their decision making. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

89 

 
 

References 
 
 
 
 
 
 
 
 
 
 

CHAPTER 2 
 
Bandini, L.G., D.A. Schoeller, and W.H. Dietz. 1990. Energy expendi-

ture in obese and nonobese adolescents. Pediatr Res 27:198–203. 
Berkey, C.S., H.R. Rockett, A.E. Field, M.W. Gillman, and G.A. Colditz. 

2004. Sugar-added beverages and adolescent weight change. Obes Res 
12(5):778–788. 

Blumberg, J.B. 1997. Public health implications of preventive nutrition. 
In The comprehensive guide for health professionals, edited by 
A. Bendich and R.J. Deckelbaum. Totowa, NJ: Humana Press, Inc. 
Pp. 1–15. 

Deckelbaum, R.J., E.A. Fisher, M. Winston, S. Kumanyika, R.M. Lauer, 
F.X. Pi-Sunyer, S. St. Jeor, E.J. Schaefer, and I.B. Weinstein. 1999. 
Summary of a scientific conference on preventive nutrition: Pediatrics 
to geriatrics. Circulation 100(4):450–456. 

DGAC (Dietary Guidelines Advisory Committee). 2005. Dietary 
Guidelines Advisory Committee report. Washington, DC: Depart- 
ment of Health and Human Services and the Department of 
Agriculture. http://www.health.gov/dietaryguidelines/dga2005/report 
(accessed August 23, 2007). 

DHHS/USDA (U.S. Department of Health and Human Services/U.S. 
Department of Agriculture). 2005. Dietary Guidelines for Americans 
2005. 6th ed. Washington, DC: U.S. Government Printing Office. GPO 
No 001-000-04719-1. 

Dietz, W.H., L.G. Bandini, J.A. Morelli, K.F. Peers, and P.L. Ching. 
1994. Effect of sedentary activities on resting metabolic rate. Am J Clin 
Nutr 59:556–559. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

90 NUTRITIONAL RISK ASSESSMENT 
 
Esrey, K.L., L. Joseph, and S.A. Grover. 1996. Relationship between 

dietary intake and coronary heart disease mortality: Lipid Research 
Clinics Prevalence Follow-up Study. J Clin Epidemiol 49:211–216. 

FDA (U.S. Food and Drug Administration). 1980. FDA Food Fortifica-
tion Policy. 21 C.F.R. 104.20. 

Fogelholm, M., and K. Kukkonen-Harjula. 2000. Does physical activity 
prevent weight gain—a systematic review. Obes Reviews 1:95–111. 

IOM (Institute of Medicine). 1997. Dietary Reference Intakes for cal-
cium, phosphorus, magnesium, vitamin D, and flouride. Washington, 
DC: National Academy Press. 

IOM. 1998. Dietary Reference Intakes for thiamin, riboflavin, niacin, 
vitamin B6, pantothenic acid, biotin, and choline. Washington, DC: 
National Academy Press. 

IOM. 2000. Dietary Reference Intakes for vitamin C, vitamin E, sele-
nium, and carotenoids. Washington, DC: National Academy Press. 

IOM. 2001a. Dietary reference intakes: Applications in dietary assess-
ment. Washington, DC: National Academy Press. 

IOM. 2001b. Dietary Reference Intakes for vitamin A, arsenic, boron, 
chromium, copper, iodine, iron, manganese, molybdenium, nickel, sili-
con, vanadium, and zinc. Washington, DC: National Academies Press. 

IOM. 2002. Evolution of evidence for selected nutrient and disease rela-
tionships.Washington, DC: The National Academies Press. 

IOM. 2002/2005. Dietary Reference Intakes for energy, carbohydrates, 
fiber, fat, fatty acids, cholesterol, protein, and amino acids. Washing-
ton, DC: The National Academies Press. 

IOM. 2003. Dietary Reference Intakes: Guiding principles for nutrition 
labeling and fortification. Washington, DC: The National Academies 
Press. 

IOM. 2004. Dietary Reference Intakes for water, potassium, sodium, 
chloride, and sulfate. Washington, DC: The National Academies Press. 

IOM. 2006. Dietary Reference Intakes: The essential guide to nutrient 
requirements. Edited by J.J Otten, J.P. Hellwig, and L.D. Meyers. 
Washington, DC: The National Academies Press. 

Ludwig, D.S., K.E. Peterson, and S.L. Gortmaker. 2001. Relation be-
tween consumption of sugar-sweetened drinks and childhood obesity: 
A prospective, observational analysis. Lancet 357(9255):505–508. 

NRC (National Research Council). 1983. Risk assessment in the federal 
government: Managing the process. Washington, DC: National Acad-
emy Press. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

91 REFERENCES 
 
Phillips, S.M., L.G. Bandini, E.N. Naumova, H. Cyr, S. Colclough, W.H. 

Dietz, and A. Must. 2004. Energy-dense snack food intake in adoles-
cence: Longitudinal relationship to weight and fatness. Obes Res 
12(3):461–472. 

Rosenberg, I.H. 2005. Science-based micronutrient fortification: Which 
nutrients, how much, and how to know? Am J Clin Nutr 82(2):279–
280. 

Striegel-Moore, R.H., D. Thompson, S.G. Affenito, D.L. Franko, E. 
Obarzanek, B.A. Barton, G.B. Schreiber, S.R. Daniels, M. Schmidt, 
and P.B. Crawford. 2006. Correlates of beverage intake in adolescent 
girls: The National Heart, Lung, and Blood Institute Growth and 
Health Study. J Pediatr 148(2):183–187. 

Subar, A.F., V. Kipnis, R.P. Troiano, D. Midthune, D.A. Schoeller, S. 
Bingham, C.O. Sharbaugh, J. Trabulsi, S. Runswick, R. Ballard-
Barbash, J. Sunshine, and A. Schatzkin. 2003. Using intake biomarkers 
to evaluate the extent of dietary misreporting in a large sample of 
adults: The OPEN study. Am J Epidemiol 158(1):1–13. 

Task Force on Community Preventive Services. 2005. Guide to commu-
nity preventive services website. Centers for Disease Control and Pre-
vention. www.thecommunityguide.org/nutrition/ (accessed on: July 10, 
2007). 

Van Duyn, M.A., and E. Pivonka. 2000. Overview of the health benefits 
of fruit and vegetable consumption for the dietetics professional: Se-
lected literature. J Am Diet Assoc 100(12):1511–1521.  

Welsh, J.A., M.E. Cogswell, S. Rogers, H. Rockett, Z. Mei, and L.M. 
Grummer-Strawn. 2005. Overweight among low-income preschool 
children associated with the consumption of sweet drinks: Missouri, 
1999–2002. Pediatrics 115(2):e223–e229. 

WHO (World Health Organization). 2003. Diet, nutrition and the pre-
vention of chronic diseases: Report of a joint WHO/FAO expert con-
sultation. Geneva, Switzerland, 28 January–1 February 2002. 

 
 

CHAPTER 3 
 
Bailar, J.C. 3rd, and A.J. Bailer. 1999. Risk assessment—the mother of 

all uncertainties. Disciplinary perspectives on uncertainty in risk as-
sessment. Ann N Y Acad Sci 895:273–285. 

Ballew, C., D. Galuska, and C. Gillespie. 2001. High serum retinylesters 
are not associated with reduced bone mineral density in the Third Na-



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

92 NUTRITIONAL RISK ASSESSMENT 
 

tional Health and Nutrition Examination Survey, 1988–1994. J Bone 
Miner Res 16:2306–2312. 

Bernstein, A.L., and C.S. Lobitz. 1988. A clinical and electrophysiologic 
study of the treatment of painful diabetic neuropathies with pyridoxine. 
In Clinical and physiological applications of vitamin B6: Current top-
ics in nutrition and disease, edited by J.E. Leklem, and R.D. Reynolds. 
New York: Alan R. Liss. Pp. 415–423. 

Dalton, K., and M.J.T. Dalton. 1987. Characteristics of pyridoxine over-
dose neuropathy syndrome. Acta Neurol Scand 76:8–11. 

Davis, C.D., D.B. Milne, and F.H. Nielsen. 2000. Changes in dietary zinc 
and copper affect zinc-status indicators of postmenopausal women, no-
tably extracellular superoxide dismutase and amyloid precursor pro-
teins. Am J Clin Nutr 71:781–788. 

EC (European Commission). 2000. Opinion of the scientific committee 
on food on the tolerable upper intake levels of beta carotene. 
http://www.europa.eu.int/comm/food/fs/sc/scf/index_en.html (accessed 
July 10, 2007). 

EVM (Expert Group on Vitamins and Minerals). 2003. Safe upper 
levels for vitamins and minerals. London, UK: Food Standards Agency 
Publications. http://www.food.gov.uk/multimedia/pdfs/vitmin203.pdf 
(accessed January 15, 2007). 

FAO/WHO (Food and Agriculture Organization/World Health Organiza-
tion), The International Programme on Chemical Safety. 2005. 
A model for establishing upper levels of intake for nutrients and 
related substances: Report of a Joint FAO/WHO Technical Workshop 
on Nutrient Risk Assessment. http://www.who.int/ipcs/methods/ 
nra/en/index.html (accessed July 10, 2007). 

Feskanich, D., V. Singh, W.C. Willett, and G.A. Colditz. 2002. Vitamin 
A intake and hip fractures among postmenopausal women. JAMA 
287(1):47–54. 

Freudenheim, J.L., N.E. Johnson, and E.L. Smith. 1986. Relationships 
between usual nutrient intake and bone-mineral content of women 35–
65 years of age: Longitudinal and cross-sectional analysis. Am J Clin 
Nutr 44:863–876. 

HoutKooper, L.B., C. Ritenbaugh, M. Aickin, T.G. Lohman, S.B. Going, 
J.L. Weber, K.A. Greaves, T.W. Boyden, R.W. Pamenter, and M.C. 
Hall. 1995. Nutrients, body composition and exercise are related to 
change in bone mineral density in premenopausal women. J Nutr 
125:1229–1237. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

93 REFERENCES 
 
IOM (Institute of Medicine). 1998a. Dietary Reference Intakes for thia-

min, riboflavin, niacin, vitamin B6, folate, vitamin B12, pantothenic 
acid, biotin, and choline. Washington, DC: National Academy Press. 

IOM 1998b. A risk assessment model for establishing upper intake levels 
for nutrients. Washington, DC: National Academy Press. 

IOM. 2000a. Dietary Reference Intakes for vitamin C, vitamin E, sele-
nium, and carotenoids. Washington, DC: National Academy Press. 

IOM. 2000b. Dietary Reference Intakes: Applications in dietary assess-
ment. Washington, DC: National Academy Press. 

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 Acad-
emy Press. 

IOM. 2006a. Dietary Reference Intakes: The essential guide to nutrient 
requirements, edited by J.J. Otten, J.P. Hellwig, and L.D. Meyers. 
Washington, DC: The National Academies Press. 

IOM. 2006b. WIC food packages: Time for a change. Washington, DC: 
The National Academies Press. 

Maggio, D., M. Barabani, M. Pierandrei, M.C. Polidori, M. Catani, P. 
Mecocci, U. Senin, R. Pacifici, and A. Cherubini. 2003. Marked de-
crease in plasma antioxidants in aged osteoporotic women: Results of a 
cross-sectional study. J Clin Endocrinol Metab 88(4):1523–1527. 

Melhus, H., K. Michaelsson, A. Kindmark, R. Bergstrom, L. Holmberg, 
H. Mallmin, A. Wolk, and S. Ljunghall. 1998. Excessive dietary intake 
of vitamin A is associated with reduced bone mineral density and in-
creased risk for hip fracture. Ann Int Med 129:770–778. 

Milne, D.B., C.D. Davis, and F.H. Nielsen. 2001. Low dietary zinc alters 
indices of copper function and status in postmenopausal women. Nutri-
tion 17(9):701–708. 

Opotansky, A.R., and J.P. Bilezikian. 2004. Serum vitamin A concentra-
tion and the risk of hip fracture among women 50 to 74 years old in the 
United States: A prospective analysis of the NHANES I Follow-up 
Study. Am J Med 117:169–174. 

Penniston, K.L., N. Weng, N. Binkley, and S.A. Tanumihardjo. 2006. 
Serum retinyl esters are not elevated in postmenopausal women with 
and without osteoporosis whose preformed vitamin A intakes are high. 
Am J Clin Nutr 84:1350–1356. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

94 NUTRITIONAL RISK ASSESSMENT 
 
Phillips, W.E., J.H. Mills, S.M. Charbonneau, L. Tryphonas, G.V. 

Hatina, Z. Zawidzka, F.R. Bryce, and I.C. Munro. 1978. Subacute tox-
icity of pyridoxine hydrochloride in the beagle dog. Toxicol Appl 
Pharmacol 44:323–333. 

Promislow, J.H.E., D. Goodman-Gruen, D.J. Slymen, and E. Barrett-
Connor. 2002. Retinol intake and bone mineral density in the elderly: 
The Rancho Bernardo Study. J Bone Miner Res 17(8):1349–1358. 

Rejnmark, L., P. Vestergaard, P. Charles, A.P. Hermann, C. Brot, P. 
Eiken, and L. Mosekilde. 2004. No effect of vitamin A intake on bone 
mineral density and fracture risk in perimenopausal women. Osteopo-
ros Int 15(11):872–880. 

Rothman, K.J., L.L. Moore, M.R. Singer, U.D.T. Nguygen, S. Mannino, 
and B. Milunsky. 1995. Teratogenicity of high vitamin A intake. N 
Engl J Med 333:1369–1373. 

SCF (Scientific Committee on Food). 2000. Opinion of the scientific 
committee on food on the tolerable upper intake level of vitamin 
B6 (SCF/CS/NUT/UPPLEV/16 Final). http://europa.eu.int/comm/food/ 
fs/sc/scf/out80c_en.pdf (accessed January 5, 2007). 

SCF. 2002. Opinion of the scientific committee on food on the tolerable 
upper intake level of preformed vitamin A (retinol and retinyl esters) 
(SCF/CS/NUT/UPPLEV/24 Final). http://europa.eu.int/comm/food/fs/ 
sc/scf/out80g_en.pdf (accessed January 5, 2007). 

SCF. 2003. Opinion of the scientific committee on food on the tolerable 
upper intake level of zinc (SCF/CS/NUT/UPPLEV/62Final). 
http://europa.eu.int/comm/food/fs/sc/scf/out177_en.pdf (accessed Janu-
ary 5, 2007). 

Yadrick, M.K., M.A. Kenney, and E.A. Winterfeldt. 1989. Iron, copper, 
and zinc status: Response to supplementation with zinc or zinc and iron 
in adult females. Am J Clin Nutr 49:145–150. 

 
 

CHAPTER 4 
 
Byers, T., J. Marshall, E. Anthony, R. Fiedler, and M. Zielezny. 1987. 

The reliability of dietary history from the distant past. Am J Epidemiol 
125:999–1011. 

De Longeril, M., P. Salen, J.L. Martin, I. Monjaud, J. Delaye, and N. 
Mamelle. Mediteranean diet, traditional risk factors, and the rate of 
cardiovascular complications after myocardial infarction: Final report 
of the Lyon Diet and Heart Study. Circulation 99:779–785. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

95 REFERENCES 
 
Delgado-Rodrigous, M., and J. Llorca. 2004. Bias. J Epidemiol Commu-

nity Health 58:635–641. 
FDA (U.S. Food and Drug Administration). 2006a. Food and drugs: 

Food labeling. Federal Register 21 CFR 101.a14(a)(2). 
FDA. 2006b. Food and drugs: Food Labeling. Federal Register 21 CFR 

101.14(a)(5). 
FDA/CFSAN (U.S. Food and Drug Administration/Center for Food 

Safety and Applied Nutrition). 2003a. Release of task force report; 
guidance for industry and FDA: Interim evidence-based ranking sys-
tem for scientific data; interim procedures for health claims on the la-
beling of conventional human food and human dietary supplements; 
availability. Federal Register/68(133). July 11. 

FDA/CFSAN. 2003b. Guidance for industry and FDA: Interim evidence-
based ranking system for scientific data. www.cfsan.fda.gov/ 
~dms/hclmgui4.html (accessed July 10, 2007). 

Mares-Perlman, J.A., W.E. Brady, R. Klein, G.M. VandenLangenberg, 
B.E. Klein, and M. Palta. 1995. Dietary fat and age-related maculopa-
thy. Arch Ophthalmol 113(6):743–748. 

Moeller, S.M., N. Parekj, L. Tinker, C. Ritenbaugh, B. Blodi, R.B. 
Wallace, J.A. Mares, and CAREDS Research Study Group. 2006. As-
sociations between intermediate age-related macular degeneration and 
lutein and zeanthin in the Carotenoids in Age-related Eye Disease 
Study (CAREDS): Ancillary study of the Women’s Health Initiative. 
Arch Opthalmol 124:1151–1162. 

Ogren, M., B. Hedblad, and L. Janzon. 1996. Biased risk factor assess-
ment in prospective studies of peripheral arterial disease due to change 
in exposure and selective mortality of high-risk individuals. J Cardio-
vasc Risk 3(6):523–528. 

Sachs, F.M., L.P. Svetkey, W.M. Vollmer, L.J. Appel, G.A. Bray, D. 
Harsha, E. Obarzanek, P.A. Conlin, E.R. Miller, D.G. Simons-Morton, 
N. Karanja, and P.-H. Lin. 2001. Effects on blood pressure of reduced 
dietary sodium and the dietary approaches to stop hypertension 
(DASH) diet. N Engl J Med 344:3–10. 

Van Leeuwen, R.S. Boekhoorn, J.R. Vingerling, J.C. Witteman, 
C.C. Klaver, A. Hofman, and P.T. de Jong. 2005. Dietary intake of an-
tioxidants and risk of age-related macular degeneration. JAMA 
294:2101–2107. 

Whitaker v. Thompson, 2004. 353F.2d 947. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

96 NUTRITIONAL RISK ASSESSMENT 
 

CHAPTER 5 
 
Ahn, J., M.D. Gammon, R.M. Santella, M.M. Gaudet, J.A. Britton, S.L. 

Teitelbaum, M.B. Terry, A.I. Neugut, P.D. Josephy, and C.B. 
Ambrosone. 2004. Myeloperoxidase genotype, fruit and vegetable con-
sumption, and breast cancer risk. Cancer Res 64(20):7634–7639. 

Decroos, K., S. Vanhemmens, S. Cattoir, N. Boon, and W. Verstraete. 
2005. Isolation and characterisation of an equol-producing mixed mi-
crobial culture from a human faecal sample and its activity under gas-
trointestinal conditions. Arch Microbio 183(1):45–55.  

Decroos, K., E. Eeckhaut, S. Possemiers, and W. Verstraete. 2006. Ad-
ministration of equol-producing bacteria alters the equol production 
status in the Simulator of the Gastrointestinal Microbial Ecosystem 
(SHIME). J Nutr 136:946–952. 

Dodd, K.W., P.M. Guenther, L.S. Freedman, A.F. Subar, V. Kipnis, D. 
Midthune, J.A. Tooze, and S.M. Krebs-Smith. 2006. Statistical meth-
ods for estimating usual intake of nutrients and foods: A review of the 
theory. J Am Diet Assoc 106:1640–1650. 

Duffield-Lillico, A.J., M.E. Reid, B.W. Turnbull, G.F. Combs Jr., E.H. 
Slate, L.A. Fischbach, J.R. Marshall, and L.C. Clark. 2002. Baseline 
characteristics and the effect of selenium supplementation on cancer 
incidence in a randomized clinical trial: A summary report of the Nu-
tritional Prevention of Cancer Trial. Cancer Epidemiol Biomarkers 
Prev 11(7):630–639. 

Issa, J.P., N. Ahuja, M. Toyota, M.P. Bronner, and T.A. Brentnall. 2001. 
Accelerated age-related CpG island methylation in ulcerative colitis. 
Cancer Res 61(9):3573–3577. 

Limburg, P.J., W. Wei, D.J. Ahnen, Y. Qiao, E.T. Hawk, G. Wang, C.A. 
Giffen, G. Wang, M.J. Roth, N. Lu, E.L. Korn, Y. Ma, K.L. Caldwell, 
Z. Dong, P.R. Taylor, and S.M. Dawsey. 2005. Randomized, placebo-
controlled, esophageal squamous cell cancer chemoprevention trial of 
selenomethionine and celecoxib. Gastroenterol 129:863–873. 

NRC (National Research Council). 1986. Nutrient adequacy. Washing-
ton, DC: National Academy Press. 

Nusser, S.M., A.L. Carriquiry, K.W. Dodd, and W.A. Fuller. 1996. A 
semiparametric transformation approach to estimating usual daily in-
take distributions. J Am Stat Assoc 91:1440–1449. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

97 REFERENCES 
 
Ordovas, J.M., D. Corella, S. Demissie, L.A. Cupples, P. Couture, O. 

Coltell, P.W. Wilson, E.J. Schaefer, and K.L. Tucker. 2002. Dietary fat 
intake determines the effect of a common polymorphism in the hepatic 
lipase gene promoter on high-density lipoprotein metabolism: Evi-
dence of a strong dose effect in this gene-nutrient interaction in the 
Framingham Study. Circulation 106(18):2315–2321. 

Rapuri, P.B., J.C. Gallagher, H.K. Kinyamu, and K.L. Ryschon. 2001. 
Caffeine intake increases the rate of bone loss in elderly women and 
interacts with vitamin D receptor genotypes. Am J Clin Nutr 
74(5):694–700. 

Setchell, K.D., and S.J. Cole. 2006. Method of defining equol-producer 
status and its frequency among vegetarians. J Nutr 136:2188–2193. 

Subar, A.F., K.W. Dodd, P.M. Guenther, V. Kipnis, D. Midthune, M. 
McDowell, J.A. Tooze, L.S. Freedman, and S.M. Krebs-Smith. 2006. 
The Food Propensity Questionnaire: concept, development, and valida-
tion for use as a covariate in a model to estimate usual food intake. J 
Am Diet Assoc 106:1556–1563. 

Swami, S., A.V. Krishnan, D.M. Peehl, and D. Feldman. 2005. Genistein 
potentiates the growth inhibitory effects of 1,25-dihydroxyvitamin D3 
in DU145 human prostate cancer cells: Role of the direct inhibition of 
CYP24 enzyme activity. Mol Cell Endocrinol 241(1–2):49–61. 

Tooze, J.A., D. Midthune, K.W. Dodd, L.S. Freedman, S.M. Krebs-
Smith, A.F. Subar, P.M. Guenther, R.J. Carroll, and V. Kipnis. 2006. A 
new statistical method for estimating the usual intake of episodically 
consumed foods with application to their distribution. J Am Diet Assoc 
106:1575–1587. 

Wong, H.L., A. Seow, K. Arakawa, H.P. Lee, M.C. Yu, and S.A. Ingles. 
2003. Vitamin D receptor start codon polymorphism and colorectal 
cancer risk: Effect modification by dietary calcium and fat in Singa-
pore Chinese. Carcinogenesis 24(6):1091–1095. 

Yang, W.C., J. Mathew, A. Velcich, W. Edelmann, R. Kucherlapati,  
M. Lipkin, K. Yang, and L.H. Augenlicht. 2001. Targeted inactivation 
of the p21(WAF1/cip1) gene enhances Apc-initiated tumor formation 
and the tumor-promoting activity of a Western-style high-risk diet by  
altering cell maturation in the intestinal mucosal. Cancer Res 61(2): 
565–569. 

 
 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

98 NUTRITIONAL RISK ASSESSMENT 
 

CHAPTER 6 
 
IOM (Institute of Medicine). 2003. Dietary Reference Intakes: Applica-

tions in dietary planning. Washington, DC: The National Academies 
Press. 

IOM. 2007. Dietary Reference Intakes Research Synthesis: Workshop 
summary. Washington, DC: The National Academies Press. 



Copyright © National Academy of Sciences. All rights reserved.

Nutritional Risk Assessment:  Perspectives, Methods, and Data Challenges, Workshop Summary
http://www.nap.edu/catalog/11940.html

99 

A 
 

Workshop Agenda 
 
 

Nutritional Risk Assessment: 
Bridging Perspectives, Sharing Methodologies, 

Identifying Data Challenges 
 

The National Academies  
2100 C Street, NW 
Washington, D.C. 

 
February 28–March 1, 2007 

 
Objective: The workshop will serve as a forum for experts on  
  various disciplines to: 

 
• discuss the strengths and challenges in using risk  
 assessment tools to inform dietary and nutritional 
 recommendations, 
 
• explore the use of risk assessment tools to evaluate standards 
 for nutrient intake and the relationship of diet and nutrition 
 to chronic disease risk, and 
 
• identify next steps necessary to advance in these areas. 
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 9:00 am Welcome from Food Forum 
 Catherine Woteki, Mars Inc. 
 
 Objectives of the Meeting 
 Robert Buchanan, Food and Drug Administration 
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SESSION 1 
RISK ASSESSMENT AND NUTRITION: 

BUILDING PERSPECTIVES 
 

Moderator 
Laina Bush, U.S. Department of Health and Human Services 

 
 9:30 am Overview of Risk Assessment: What Are the 

Questions That Risk Assessments Tools Can 
 Answer?  How Might This Relate to Nutrition 

Risk Assessment? 
 Joseph Rodricks, ENVIRON International 
 Corporation 
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Are the Questions and Challenges in Nutrition? 
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11:20 am b. Public Policy/Government Perspective: 
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  Assessment Tools? 

William Dietz, Centers for Disease Control 
 and Prevention 
 
11:40 am Open Discussion 
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SESSION 2 
SHARING METHODOLOGIES: 

CURRENT USES OF NUTRITIONAL RISK ASSESSMENT 
 
Questions: 
1. How have different groups used risk assessment methodologies to 

establish upper intake levels? 
2. What are the data gaps to assess risk from excess nutrient intakes 
 and establish better upper nutrient intake levels? 
3. Can risk assessment tools help in establishing nutrient requirments? 

If so, what tools would be useful? 
 

Moderator: Molly Kretsch, USDA 
 
 1:30 pm The IOM Process to Establish Tolerable Upper 
 Intake Levels: Model and Data Needs 
 Robert Russell, Tufts University 
 
2:00 pm Potential Connections Between Establishing 
 Nutrient Requirements and Tolerable Upper 
 Intake Levels 
 Suzanne Murphy, University of Hawaii  
 
2:30 pm Nutrient Risk Assessment:  Lessons Learned 
 from the FAO/WHO Technical Workshop 
 Christine Taylor, Institute of Medicine 

 
 3:00 pm   BREAK 
 
 3:30 pm  Implications of Using Conservative Assumptions 
  in Nutritional Risk Assessments 
 Barbara Petersen, Exponent  
 
4:00 pm Commentary 
 Sanford Miller, University of Maryland 
 
4:10 pm Open Discussion  

 
5:00 pm Adjourn 
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9:00 am  Welcome  

 Michael Doyle, University of Georgia 
 Food Forum Chair 
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SHARING METHODOLOGIES: 
DIET/FOOD PATTERNS AND HEALTH OUTCOMES  
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4. What are the challenges encountered when establishing relationships 

between diet/food consumption patterns and health or risk of dis-
ease? 

5. What approaches are currently used to establish diet/food consump-
tion patterns and health or risk of disease relationships?  

6. What kind of risk assessment tools and models could be best used or 
adapted for evaluating associations between nutrition and health or 
disease risks? 

7. How should nutritional studies be designed in order to provide 
information and data useful for nutritional risk assessments? 

 
Moderator: Michael Doyle 

 
 9:15 am Challenges in Establishing Relationships Between 

Diet Patterns and Health Outcomes 
 Julie Mares, University of Wisconsin 

 
 9:45 am  Evaluation of Health Claims in Nutrition 
  Labeling  

Kathleen C. Ellwood, Food and Drug 
Administration 

 
10:15–10:45 am BREAK 
  
10:45 am Evidence-based Review Process to Link 
 Dietary Factors with Chronic Disease: 
 Heart Disease and Diet as a Case Study 
 Alice Lichtenstein, Tufts University 
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11:15 am Key Challenges in Risk-Based Approaches 
 to Nutrition Policy 
 Gregory Paoli, Decisionalysis Risk Consultants  

 
11:45 am Open Discussion  
 
12:15–1:30 pm LUNCH 
 

SESSION 4 
IDENTIFYING DATA NEEDS AND 

OVERCOMING CHALLENGES 
 

Questions: 
 
• What is the future potential contribution to nutrition risk assessment 

of new methods for describing population variability with regard to 
nutrient bioavailability, and physiological and or genomic responses 
to nutrients and food components? 

• What is the future potential contribution to nutrition risk assessment 
of new methods for quantitatively describing population variability 
regarding food and nutrient intake levels? 

• What are the current status and future needs for food composition 
data to meet the challenges of nutrition risk assessment? 

 
Moderator: Bob Buchanan, FDA 

 
 1:30 pm  The Role of Nutrigenomics and Population 
 Variability in Nutritional Risk Assessment 
 John Milner, National Cancer Institute 
 National Institutes of Health  

 
 2:00 pm Dietary Intake and Exposure Assessment in 
 Nutritional Risk Assessment 
 Amy Subar, National Cancer Institute 
 National Institutes of Health  

 
2:30 pm Nutrients and Food Composition: Data Needs  
 Joanne Holden, Agricultural Research Service 
 U.S. Department of Agriculture 

 
3:00–3:30 pm  BREAK 
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SESSION 5 
WRAP-UP: PERSPECTIVES ON CHALLENGES 

AND SOLUTIONS 
 

Moderator: Bob Buchanan, Food and Drug Administration 
 

3:30 pm What Did We Hear and What Are the Next Steps? 
 Industry: Catherine Woteki, Mars, Inc 
 Government: Barbara Schneeman, Food and Drug 

Administration 
 Risk Assessor: Gregory Paoli, Decisionalysis Risk 

Consultants 
 Consumer: Darlene Adkins, National Consumers 

League  
 Public Health: Laina Bush, U.S. Department of  

Health and Human Services 
 
4:20 pm Open Discussion 
    
5: 00 pm  Adjourn 
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Agricultural Research Service, and most recently with the FDA. His sci-
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tive microbiology, quantitative microbial risk assessment, microbial 
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of Science's Institute of Medicine Committee on Emerging Microbial 
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and Infectious Disease in Panama studying insect-borne viruses. After 
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of Technology. 
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counselor of the American Society for Clinical Nutrition, and past presi-
dent of the North American Association for the Study of Obesity. In 
1995 he received the John Stalker Award from the American School 
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Dietz served on the 1995 Dietary Guidelines Advisory Committee. He is 
a past member of the NIDDK Task Force on Obesity and President-elect 
of the American Society for Clinical Nutrition. In 1998, Dr. Dietz was 
elected to the Institute of Medicine of the National Academy of Sciences. 
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promotes collaboration among the food industry, the university, and fed-
eral and state agencies. His research focuses on developing methods to 
detect and control foodborne bacterial pathogens at all levels of the food 
continuum, from the farm to the table. He is internationally acknowl-
edged as a leading authority on foodborne pathogens, especially Es-
cherichia coli O157:H7. His National Academies service includes 
chairmanship of the Committee on the Review of the USDA E. coli 
0157:H7 Farm-to-Table Process Risk Assessment and participation in the 
2004 US-Iranian Workshop on Food Safety, the NRC Committee on Na-
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tional Needs for Research in Veterinary Science, and the IOM/NRC 
Committee to Ensure Safe Food from Production to Consumption. He 
currently chairs the Food and Nutrition Board’s Food Forum. He was 
elected to the IOM in 2003.  

 
Kathleen Ellwood, Ph.D., is the Director of the Division of Nutrition 
Programs and Labeling, Office of Nutritional Products, Labeling and 
Dietary Supplements, Center for Food Safety and Applied Nutrition, at 
the Food and Drug Administration. This Division is responsible for the 
development of policies, regulations, position papers, regulatory guide-
lines, and advisory opinions on issues related to nutrition and nutrition 
labeling (primarily health claims and nutrient content claims), dietary 
recommendations, food fortification, and related nutrition science issues. 
She was the National Program Leader for Human Nutrition with the 
USDA Agricultural Research Service (ARS) from 1999 to 2002. In this 
position she provided strategic planning and guidance for the ARS hu-
man nutrition research program. Prior to joining ARS, Dr. Ellwood was 
the Director of the Human Nutrition and the Food Safety competitive 
grant programs for USDA’s Cooperative State Research, Education, and 
Extension Service (CSREES). Dr. Ellwood has held research positions at 
FDA, CFSAN, and USDA, ARS. She received her Ph.D. in nutritional 
biochemistry from the University of Maryland. Dr. Ellwood is a member 
of several professional societies and has numerous publications. 

 
Joanne M. Holden, M.S., received her M.S. in Human Nutrition from 
the University of Maryland. She joined the Beltsville Human Nutrition 
Research Center, ARS, USDA as a support scientist in the Carbohydrate 
Metabolism Laboratory where she conducted research on the effects of 
carbohydrate intake and metabolism. Then, Ms. Holden worked as a Re-
search Nutritionist in the Food Composition Laboratory, Beltsville Hu-
man Nutrition Research Center for 20 years before joining the Nutrient 
Data Laboratory (NDL) as Research Leader in 1995. Her research inter-
ests include food sampling and the evaluation of data quality. As Re-
search Leader of the NDL, Ms. Holden provides leadership in the 
acquisition, evaluation, compilation, and dissemination of food composi-
tion data and related research efforts. She has served as the Co-Director 
of the International Postgraduate Course for the Production, Manage-
ment, and Use of Food Composition Data since 1994. The course which 
has been held in Wageningen, The Netherlands, and various regions 
around the world has trained more than 350 scientists from 50 countries 
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since 1992. The NDL is one of seven units in the Beltsville Human Nu-
trition Research Center of the ARS in Beltsville, Maryland, USA. 
The primary responsibility of the NDL is to provide authoritative food 
composition data on foods available in the United States. The USDA 
National Nutrient Database for Standard Reference (SR) is the primary 
product of the NDL. The current release of the USDA National Nutrient 
Database for Standard Reference (SR19) contains data on over 7,200 
food items. It is the standard reference source for food composition data 
in the U.S. and provides the core data for most public and private sector 
databases. In addition, NDL develops and releases other Special Interest 
Databases, including carotenoids, choline, isoflavones, flavonoids, and 
fluoride databases, each containing data for 125-400 major food sources 
of these components. These various databases are available free of 
charge to all Internet users at NDL’s website (www.ars.usda.gov/nutrient 
data). Also, NDL releases data at a reasonable cost on a CD-ROM. SR is 
updated, in part, and re-released annually. To support the development of 
these database products NDL conducts research on sampling, sample 
handling, and data compilation. NDL has established the National Food 
and Nutrient Analysis Program to generate original analytical data and to 
support food composition research and estimation. NDL staff collabo-
rates with analytical laboratories and with other national and regional 
database groups to keep abreast of new developments in analytical meth-
odology and quality assurance, areas essential to the development of ac-
curate and representative values. 

 
Shiriki K. Kumanyika, Ph.D., M.P.H., is Associate Dean for Health 
Promotion and Disease Prevention at the University of Pennsylvania 
School of Medicine and professor of epidemiology in the Department of 
Biostatistics and Epidemiology. Before coming to the University of 
Pennsylvania, Dr. Kumanyika was professor of nutrition and epidemiol-
ogy and head of the Department of Human Nutrition and Dietetics at the 
University of Illinois at Chicago. She has also held prior positions on the 
nutrition and epidemiology faculties of the Pennsylvania State Univer-
sity, Johns Hopkins University, and Cornell University. Her publications 
reflect over 20 years of research related to cardiovascular diseases, obe-
sity, nutritional epidemiology, and the health of minority populations, 
older populations, and women. Dr. Kumanyika was a member of the 
IOM Committee on Understanding the Biology of Sex and Gender Dif-
ferences and of the Committee on Legal and Ethical Issues in the Inclu-
sion of Women in Clinical Studies. She served on the IOM Committee 
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on Prevention of Obesity in Children and Youth and currently serves on 
the IOM Committee on Progress in Preventing Childhood Obesity. She is 
currently a member of the Advisory Council of the NIH's National Heart, 
Lung and Blood Institute. She earned an M.S. in social work from Co-
lumbia University, a Ph.D. in human nutrition from Cornell University, 
and an M.P.H. from Johns Hopkins University. 

 
Alice H. Lichtenstein, Ph.D., is the Stanley N. Gershoff Professor of 
Nutrition Science and Policy in the Gerald J. and Dorothy R. Friedman 
School of Nutrition Science and Policy at Tufts University and Senior 
Scientist and Director of the Cardiovascular Nutrition Laboratory at the 
Jean Mayer USDA Human Nutrition Research Center on Aging. Dr. 
Lichtenstein holds a secondary appointment as Professor of Family 
Medicine and Community Health at Tufts University School of Medi-
cine. Dr. Lichtenstein completed her undergraduate work at Cornell Uni-
versity in Nutrition. She earned her masters and doctoral degrees in 
nutrition from Harvard University. Dr. Lichtenstein received her post-
doctoral training in the field of lipid metabolism at the Cardiovascular 
Institute at Boston University School of Medicine. Dr. Lichtenstein’s 
research is focused on assessing the interplay of diet and heart disease 
risk factors. Current studies focus on trans–fatty acids, soy protein and 
isoflavones, sterol/stanol esters, genetically modified/selectively bred 
oils and glycemic index in postmenopausal females and older males.  
 Dr. Lichtenstein is a member of the American Society for Nutrition; 
and the Arteriosclerosis, Thrombosis and Vascular Biology, as well as 
the Nutrition, Physical Activity and Metabolism Councils of the Ameri-
can Heart Association. She is immediate past-chair of the American 
Heart Association Nutrition Committee. She has served on the 
USDA/HHS 2000 Dietary Guidelines Advisory Committee and the Die-
tary Reference Intake Macronutrient Panel of the National Academy of 
Sciences, Institute of Medicine, Food and Nutrition Board. 

 
Julie Mares, Ph.D., is a Professor of Ophthalmology and Visual Sci-
ences at the University of Wisconsin-Madison and part of Interdepart-
mental Faculty in Nutritional Sciences and Population Health. Dr. Mares 
earned a Ph.D. from the University of Wisconsin in Nutritional Sciences 
in 1987, an M.S. in Public Health from the University of Illinois, School 
of Public Health in 1980 and a B.S. in Foods and Nutrition from the Uni-
versity of Illinois in 1976. She is a member of several professional or-
ganizations, including the American Society for Nutritional Sciences and 
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the Association for Research in Vision and Ophthalmology and the In-
ternational Carotenoid Society. Over the past eighteen years, she and her 
research team have published over 60 manuscripts and book chapters that 
describe relationships of nutrition to common age-related chronic dis-
eases of the eye to clinicians, scientists and the general public. Her epi-
demiologic research team has used several techniques to assess diet and 
nutritional status and has used them to investigate relationships of these 
to age-related macular degeneration and cataract and to diabetic retinopa-
thy in several large populations. Her current research focuses on measur-
ing carotenoids in the retina and examining relationships with levels in 
the diet and blood and with the occurrence of age-related cataract and 
macular degeneration.  
 
Linda D. Meyers, Ph.D., is the Director of the IOM’s Food and Nutri-
tion Board. She has also served as FNB Deputy Director and as a Senior 
Program Officer. Prior to joining the IOM in 2001, she worked for 15 
years in the Office of Disease Prevention and Health Promotion in the 
U.S. Department of Health and Human Services (DHHS) where she was 
a Senior Nutrition Advisor, Deputy Director, and Acting Director. Dr. 
Meyers has received a number of awards for her contributions to public 
health, including the Secretary’s Distinguished Service Award for 
Healthy People 2010 and the Surgeon General’s Medallion. Her research 
interests include indicators of nutrition in populations, nutrition monitor-
ing, and nutrition policy. Dr. Meyers has a B.A. in health and physical 
education from Goshen College in Indiana, M.S. in food and nutrition 
from Colorado State University, and Ph.D. in nutritional sciences from 
Cornell University.  

 
Sanford A. Miller, Ph.D., is currently a Senior Fellow at the Center for 
Food, Nutrition, and Agriculture Policy in College Park, MD, and was 
named Professor and Dean Emeritus of The Graduate School of Bio-
medical Sciences at The University of Texas Health Science Center at 
San Antonio (UTHSCSA) in December 2000. From 1987-2000, Dr. 
Miller was the Dean of the Graduate School of Biomedical Sciences and 
Professor in the Departments of Biochemistry and Medicine at the 
UTHSCSA. He is the former Director of the Center for Food Safety and 
Applied Nutrition at the FDA. Previously, he was a Professor of Nutri-
tional Biochemistry at the Massachusetts Institute of Technology. Dr. 
Miller has served on many national and international government and 
professional society advisory committees, including the Federation of 
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American Societies for Experimental Biology (FASEB) Expert Commit-
tee on GRAS Substances, the National Advisory Environmental Health 
Sciences Council of NIH, the Institute of Medicine's Food and Nutrition 
Board and the Food Forum, the Joint WHO/FAO Expert Advisory Panel 
on Food Safety (Chairman), and the Steering Committees of several 
WHO/FAO panels. He has served as a member of the Food and Nutrition 
Board's Committee on Dietary Reference Intakes and Subcommittee on 
Upper Reference Levels of Nutrients. In 1998, Dr. Miller was elected a 
Fellow of The American Society for Nutritional Sciences, and was also a 
member of the Institute of Medicine and National Research Council's 
Committee to Ensure Safe Food from Production to Consumption. More 
recently, he has been named to three additional National Academy of 
Sciences committees, including the Committee on Agricultural Biotech-
nology, Health and the Environment of the National Research Council, 
the Roundtable on Environmental Health Sciences, Research, and Medi-
cine, and chairs the Dietary Reference Intakes Panel on Macronutrients 
of the IOM. In June 2000, he became the first recipient of the FDA's Dis-
tinguished Alumni Award. He is author or co-author of more than 200 
original scientific publications. Dr. Miller received a B.S. in chemistry 
from the City College of New York, and a M.S. and Ph.D. from Rutgers 
University in physiology and biochemistry. 
 
John Milner, Ph.D., is chief of the Nutritional Science Research Group, 
Division of Cancer Prevention, National Cancer Institute. In this position 
he promotes research that deals with the physiological importance of die-
tary bioactive compounds as modifiers of cancer risk and tumor behav-
ior. Previously, Dr. Milner was Professor and Head in the Department of 
Nutrition at The Pennsylvania State University, where he also served as 
Director of the Graduate Program in Nutrition. Dr. Milner received his 
Doctorate in nutrition, with a minor in biochemistry and physiology, 
from Cornell University in 1974. He is a member of the American Soci-
ety for Nutritional Sciences, American Association of Cancer Research, 
American Society for Clinical Nutrition, American Chemical Society’s 
Food and Chemistry Division and the Institute of Food Technology. Dr. 
Milner is a fellow in the American Association for the Advancement of 
Science and serves on the editorial boards of the Journal of Medical 
Food, Journal of Nutritional Biochemistry, Nutrition and Cancer, Com-
prehensive Reviews of Food Science/Food Safety and Nutrition, Nutri-
tion and Foods, and the Journal of Nutrition. 
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Suzanne P. Murphy, Ph.D., R.D., is a researcher (professor) at the 
Cancer Research Center of Hawaii at the University of Hawaii (Hono-
lulu, HI) and director of the Nutrition Support Shared Resource at the 
center. Previously, Dr. Murphy was state director of the California Ex-
panded Food and Nutrition Program at the University of California—
Davis. Dr. Murphy's research interests include dietary assessment meth-
odology, development of food and supplement composition databases, 
and nutritional epidemiology of chronic diseases (with emphasis on can-
cer and obesity). Dr. Murphy has served as a member of the National 
Nutrition Monitoring Advisory Council and the year 2000 Dietary 
Guidelines Advisory Committee. Currently, she serves on editorial 
boards for the Journal of Food Composition and Analysis and Nutrition 
Today and serves as contributing editor for Nutrition Reviews. She is a 
member of various professional organizations including the American 
Dietetic Association, the American Society for Nutritional Sciences, the 
American Public Health Association, the American Society for Clinical 
Nutrition, the Society for Nutrition Education, the Society for Epidemi-
ological Research, and the Society for International Nutrition Research. 
Dr. Murphy has served on several IOM panels including the Subcommit-
tee on Interpretation and Uses of Dietary Reference Intakes (as chair then 
member), the Subcommittee on Upper Safe Reference Levels of Nutri-
ents (as member, and the Panel on Calcium and Related Nutrients (as 
member). She is currently completing service as chair of the Committee 
to Review the WIC Food Packages. Dr. Murphy earned a B.S. degree in 
mathematics from Temple University, Philadelphia, an M.S. degree in 
molecular biology from San Francisco State University, and a Ph.D. de-
gree in nutrition from the University of California-Berkeley. She is a reg-
istered dietitian.  

 
Greg Paoli, M.A., leads a consulting firm (Decisionalysis Risk Consult-
ants) specializing in risk assessment and risk management in the field of 
public health and safety. He has experience in diverse risk domains in-
cluding microbiological and toxicological hazards, climate change im-
pact assessment, air and water quality, medical and engineering devices 
as well as risk-based priority-setting across multiple hazards. Mr. Paoli is 
currently serving as a Councilor of the Society for Risk Analysis (SRA). 
He has served as Chair of SRA's Biological Stressors Specialty Group 
and serves on SRA's Internationalization Task Force. Within Canada, 
Greg has served on Expert Committees of the National Roundtable on 
the Environment and the Economy and is a member of Health Canada's 
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Expert Advisory Committee on Antimicrobial Resistance Risk Assess-
ment. Mr. Paoli has provided guest lectures at the Queen's University's 
Public Sector Executive Programme and School of Public Policy, Uni-
versity of Calgary's Faculty of Management and the University of Ot-
tawa's Institute of Population Health. In the United States, he has served 
on an Institute of Medicine Committee tasked to Review the USDA E. 
coli 0157:H7 Farm-to-Table Process Risk Assessment. He was recently 
appointed to a NRC Committee entitled, Improving Risk Analysis Ap-
proaches Used by the US Environmental Protection Agency. He served 
for several years on an Expert Panel to develop a Risk Ranking Frame-
work for the FDA and was on the Peer Review Panel for the Harvard 
BSE Risk Assessment. Mr. Paoli has served on several international ex-
pert panels including Expert Consultations as part of the Joint Food and 
Agriculture Organization and World Health Organization (FAO/WHO) 
Activities on Microbial Risk Assessment. He has provided training in 
risk assessment approaches across North America, Japan and South 
America. Mr. Paoli also provides lectures as part of the Harvard School 
of Public Health continuing education course in Probabilistic Risk As-
sessment. Mr. Paoli earned a Master of Applied Science degree in Sys-
tems Design Engineering and a Bachelor's Degree in Electrical and 
Computer Engineering from the University of Waterloo. 
 
Barbara Petersen, M.P.H., Ph.D., is a Principal and serves as Director 
of Exponent's Food & Chemicals practice. Dr. Petersen is internationally 
recognized for her expertise in exposure assessment methodology, food 
consumption profile modeling, and applications of Monte Carlo tech-
niques to conduct risk assessments. Dr. Petersen has pioneered the tech-
nical methods for incorporating information about dietary practices, 
actual agricultural practices and commercial food processing technolo-
gies into regulatory science issues. Dr. Petersen has successfully applied 
these approaches to develop software that maximizes the utility of data 
and provides realistic risk assessments that allow the user to understand 
the sources of potential exposure. Applications include FQPA compli-
ance, regulatory strategies for existing products, intake calculations 
to support new pesticides, GRAS self-affirmations and preparation 
of food additive petitions, nutrition labeling justifications, new food 
product designs and marketing strategies, and product stewardship 
program designs. Dr. Petersen has directed the design and conduct of 
seven statistically based national market basket studies. These studies 
were designed for different purposes, including acute and chronic as-
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sessments for pesticides, compliance assessments under Proposition 65, 
and market research.  

 
Joseph V. Rodricks, Ph.D., was a Founding Principal of ENVIRON 
International Corporation in 1982. He is an internationally recognized 
expert in the field of toxicology and risk analysis and in their uses in 
regulation and in the evaluation of toxic tort and product liability cases. 
Since 1980, he has consulted for hundreds of manufacturers, for govern-
ment agencies and the World Health Organization, and he has served on 
20 Boards and Committees of the National Academy of Sciences and the 
Institute of Medicine. In 2003, he was elected a National Associate of the 
National Academies. He has more than 150 publications on toxicology 
and risk analysis, and has lectured nationally and internationally on these 
topics. Dr. Rodricks was formerly Deputy Associate Commissioner, 
Health Affairs, and Toxicologist, U.S. Food and Drug Administration 
(1965-1980); and is a Visiting Professor, The Johns Hopkins University 
School of Public Health. He has been certified as a Diplomate, American 
Board of Toxicology, since 1982. Dr. Rodricks’ experience includes 
chemical products and contaminants in foods, food ingredients, air, wa-
ter, hazardous wastes, the workplace, consumer products, and medical 
devices and pharmaceutical products. In 2005 Dr. Rodricks received the 
Outstanding Practioner Award from the Society for Risk Analysis. He is 
the author of Calculated Risks (Cambridge University Press), a non-
technical introduction to toxicology and risk analysis that is now in its 
sixth printing, and which won an award from the American Medical 
Writers Association. A second edition is now in press. 

 
Robert M. Russell, M.D., is a professor of medicine and nutrition at 
Tufts University and director of the Jean Mayer USDA Human Nutrition 
Research Center on Aging at Tufts University in Boston. He has served 
on national and international advisory boards including the USDA Hu-
man Investigation Committee (Chairman), the FDA, U.S. Pharmacopoeia 
Convention, National Dairy Council Advisory Board, and the American 
Board of Internal Medicine. He has worked on international nutrition 
programs in several countries including Vietnam, Iran, Iraq, Guatemala, 
China, and the Philippines. Dr. Russell is a member of numerous profes-
sional societies, on the editorial boards of five professional journals, a 
councilor to the American Society for Clinical Nutrition, and a member 
of the Board of Directors of the American College of Nutrition. Dr.  
Russell co-authored the standards for parenteral and enteral nutrition to 
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be used in U.S. long-term care facilities. He is a staff gastroenterologist 
at the New England Medical Center Hospitals. Dr. Russell’s primary 
work involves studying the effects of aging on gastrointestinal absorptive 
function. He is a noted expert in the area of human metabolism of reti-
noids and carotenoids. Dr. Russell served as a member of the FNB’s 
Panel on Folate, Other B Vitamins, and Choline, and chair of the Panel 
on Micronutrients. Dr. Russell received his B.S. from Harvard University 
and M.D. from Columbia University. He is currently a member of the 
Standing Committee on the Scientific Evaluation of Dietary Reference 
Intakes. 

 
Barbara O. Schneeman, Ph.D., is Director, Office of Nutritional Prod-
ucts, Labeling, and Dietary Supplements (ONPLDS), in the Center for 
Food Safety and Applied Nutrition (CFSAN), with the FDA. She over-
sees the development of policy and regulations for dietary supplements, 
nutrition labeling and food standards, infant formula, and medical foods. 
Prior to joining FDA, she served as a member of the faculty and admini-
stration at the University of California, Davis. She held appointments as 
professor in the Departments of Nutrition, Food Science and Technol-
ogy, and Internal Medicine in the School of Medicine. Dr. Schneeman 
has served as Assistant Administrator for Nutrition in the Agricultural 
Research Service in the U.S. Department of Agriculture. She has many 
professional activities and honors to her credit. Dr. Schneeman received 
her B.S. from the University of California, Davis in food science and 
technology, and her Ph.D. in nutrition from the University of California, 
Berkeley. 

 
Amy F. Subar, Ph.D., M.P.H., R.D., is a research nutritionist at the Na-
tional Cancer Institute. She received her B.S. in Dietetics at the State 
University College at Buffalo; an M.P.H. at the University of Minnesota; 
and a Ph.D. at Syracuse University. Her research interests include devel-
oping, designing, and carrying out nutrition research related to dietary 
methods, development of dietary instruments, measurement error, dietary 
surveillance, and nutritional epidemiology. Dr. Subar recently directed 
the development and evaluation of a new food frequency questionnaire, 
the Diet History Questionnaire. This work encompassed all areas of 
questionnaire development: cognitive issues, methods to determine food 
and portion size lists, methods for creating nutrient databases for fre-
quency questionnaires, testing of response rates, and comparative valida-
tion. This food frequency questionnaire has recently been modified to be 
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web-based for use in nutrition research. Dr. Subar’s more recent research 
has focused on understanding measurement error in the biomarker-based, 
Observing Protein and Energy Nutrition, or OPEN Study. She has fo-
cused on analyses of underreporting, methods for surveillance of usual 
dietary intake, and development of short dietary screener instruments. 
Currently, Dr. Subar is leading a project to develop a web-based auto-
mated self-administered 24-hour dietary recall using multimedia com-
puter technology. Dr. Subar serves as a member of the Editorial Board of 
the Journal of the American Dietetic Association. 

 
Christine Lewis Taylor, Ph.D., is a scholar at the IOM where she is 
now working on issues related to Dietary Reference Intakes. She came to 
IOM in 2006 with a wealth of experience in nutrition science and policy, 
having served for more than 20 years in the US government, most re-
cently as Director of FDA's Office of Nutritional Products, Labeling and 
Dietary Supplements. From 2004 through 2006 Dr. Taylor was assigned 
to the risk assessment group within the World Health Organization where 
she was the Project Director for their most recent nutrient risk assess-
ment work. 

Dr. Taylor holds numerous Public Health Service Awards including 
the Meritorious Service Award and the Outstanding Service Medal. She 
has been a member of various intragovernment working groups and liai-
son activities on science and policy, and she has represented FDA on a 
variety of panels ranging from the American Heart Association to the 
White House Commission on Alternative and Complementary Medicines 
FDA's in 2000-2002. She has served as Head of Delegation to the Codex 
Alimentarius Committee on Food Labeling and as Alternate Delegate to 
the Codex Committee on Nutrition and Foods for Special Dietary Uses.  

 
Kathryn Wiemer, M.S., R.D., is director/Fellow, Regulatory and Issues 
Management General Mills Bell Institute of Health and Nutrition. She 
has been employed at General Mills for over 28 years. In her current po-
sition, she is responsible for ensuring that General Mills' products com-
ply with existing government and corporate nutrition regulations and 
policies. She leads the development of Corporate positions and com-
ments to government regulatory agencies on nutrition issues and serves 
as a liaison with these agencies, trade associations and health profes-
sional organizations in the area of nutrition. 

Ms. Wiemer has extensive experience in providing direction to mar-
keting and divisional research concerning nutrition issues and opportuni-
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ties; coordinating product-related nutrition research studies and develop-
ing nutrition education materials and communication programs for health 
professionals and consumers. 

She has been honored to receive two General Mills Champion’s 
Award for her role in two major efforts: conducting clinical research and 
a communication campaign to consumers and health professionals re-
lated to the heart health benefits of Cheerios and securing the whole 
grain health claim and related communication programs. 

After receiving her Bachelor of Science Degree in Nutrition and Die-
tetics from Iowa State University in 1976, she completed her Master's 
Degree in Human Nutrition at the University of Nebraska in 1978. Her 
area of research was iron bioavailability and interactions of dietary fiber, 
iron, and lead. Early in her career at General Mills, she co-edited the 
book entitled Iron Fortification of Foods and has coauthored several 
scientific papers. 

Ms. Wiemer just completed serving as chair of the Grocery Manu-
facturers of America (GMA) Nutrition & Labeling Committee and serves 
as vice chair on the Board of Directors of the Wheat Foods Council. She 
serves on several committees of the International Life Sciences Institute 
(ILSI) and the International Food Information Council (IFIC), is a Regis-
tered Dietitian, a member of the American Dietetic Association (ADA), 
the Dietitians in Business and Communications practice group of the 
ADA and the Minnesota Dietetic Association. 

 
Catherine E. Woteki, Ph.D., is global director of scientific affairs at 
Mars, Incorporated. Prior to coming to Mars she was dean of the College 
of Agriculture at Iowa State University. Dr. Woteki also held the ap-
pointments of senior research scientist with the College of Agriculture 
and Natural Resources at the University of Maryland and professor of 
nutrition and food safety at the University of Nebraska. Her extensive 
government experience includes service as USDA undersecretary for 
food safety and USDA deputy undersecretary for research, education, 
and economics, as well as leadership positions in the Office of Science 
and Technology Policy in the Executive Office of the President and the 
National Center for Health Statistics in the Centers for Disease Control 
and Prevention. She is a member of professional associations for nutri-
tion, dietetics, public health, food technology, and nutrition education. 
Her awards include the Elijah White Award from the National Center 
for Health Statistics, the Special Recognition Award from the U.S. 
Public Health Service, and the Staff Achievement Award from the 
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Institute of Medicine. Dr. Woteki received a B.S. in biology and chemis-
try from Mary Washington College and M.S. and PhD in human nutri-
tion from Virginia Polytechnic Institute and State University. She is an 
IOM member and a former director and chair of the Food and Nutrition 
Board. She is also a Fellow of the American Association for the Ad-
vancement of Science. 
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D 
 

Acronyms and Abbreviations 
 
 
 
 
 
 
 
 
 
 
ADI Acceptable Daily Intake 
AHRQ Agency for Healthcare Research and Quality 
AI Adequate Intake 
AMD age-related macular degeneration 
ASA24 automated self-administered 24-hour recall  
 
BMI body mass index 
BUI Beneficial Utility Index 
 
CVD cardiovascular disease 
 
DHA docosahexaenoic acid 
DNA deoxyribonucleic acid 
DRI Dietary Reference Intakes 
DV Daily Value 
 
EAR Estimated Average Requirement 
EPA eicosapenataenoic acid 
 
FDA Food and Drug Administration 
FFQ food frequency questionnaire 
 
IOM Institute of Medicine 
 
LOAEL lowest-observed-adverse-effect level 
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NCI National Cancer Institute 
NFNAP National Food and Nutrient Analysis Program 
NIH National Institutes of Health 
NOAEL no-observed-adverse-effect level 
 
PICO a mnemonic for the terms Population, Intervention, 
 Comparator, Outcome 
 
RAE retinol activity equivalent 
RDA Recommended Dietary Allowances 
 
SNP single-nucleotide polymorphism 
SR National Nutrient Database for Standard Reference 
 
UL Tolerable Upper Intake Level 
USDA U.S. Department of Agriculture 
U.S. RDA U.S. Recommended Daily Allowances 
 
WIC Supplemental Nutrition Program for Women, 
 Infants, and Children 


