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Preface

en I was growing up, fish were considered “brain food.” I was

told that eating fish was good for you and would make you

smart. Amazingly, there now is some evidence that this old food

lore may have some scientific basis, as mothers who consume seafood may

provide benefits to the developing fetal nervous system from fatty acids in

the seafood. It is not clear, however, whether this will make you smarter as
an adult.

Seafood is a good source of high-quality protein, is low in saturated fat,
and is rich in many micronutrients. Seafood is also a major source of the
long-chain polyunsaturated omega-3 fatty acids eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), which are synthesized in limited amounts
by the human body from alpha-linolenic acid (ALA), an omega-3 fatty acid
found in several vegetable, nut, and seed oils. Though these fatty acids are
found in other foods, some seafood is an unusually rich source. In the past
several years, research has implicated seafood and/or EPA and DHA in an
array of health benefits for the developing fetus, infants, and also for adults,
especially those prone to heart disease. This has led to recommendations by
several health authorities to include seafood in a healthy diet.

Seafood is the only animal protein food that is still provided in signifi-
cant amounts to human diets through capture of wild species. Though our
oceans are being depleted of some wild species, and aquaculture has become
an important source of seafood, wild capture still provides a significant por-
tion of the seafood we consume. The pollution of our oceans both through
natural processes and practices of an increasingly industrialized world raise
concern about the contaminants found in our seafood supply. As aquacul-

x
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ture of some species also uses fish meal and fish oil produced from captured
wild sources, farmed seafood is not free from potential risks of further
reducing ocean stocks or from potential contaminants. As consumption of
seafood rises, there has been an increasing awareness of the potential risks
from seafood consumption due to the presence of microbial contaminants;
persistent organic pollutants; and heavy metals, especially mercury, in our
oceans and inland waters.

Consumers are therefore confronted with a dilemma: they are told that
seafood is good for them and should be consumed in larger amounts than
current consumption, while at the same time the federal government and
virtually all the state governments have issued advisories urging caution in
consumption of fish of certain species or from specific waters. Clearly, it
should be an environmental priority to eliminate the sources of contamina-
tion of this important component of our food supply so that such a contra-
diction is avoided.

The National Oceanic and Atmospheric Administration (NOAA) pro-
vides federal leadership in marine science and conservation. The seafood
industry contributes a large part of the nation’s economic health, and as
an agency of the US Department of Commerce, NOAA works to advance
fisheries management policies and programs to ensure that fishery resources
are healthy and sustainable so that they will remain a safe, nutritious, and
affordable component of the US food supply. In light of these consider-
ations, NOAA recognized the need for an independent group to examine
the scientific evidence on the nutritional benefits obtained from seafood
balanced against potential risks from exposure to contaminants, and ways
to guide US consumers to make selections appropriate to their needs. Thus,
NOAA asked the Institute of Medicine (IOM) to convene a committee with
a diverse background and a broad scope of expertise to address the task
put before them.

The committee was charged to identify and prioritize adverse health
effects from both naturally occurring and introduced toxicants in seafood;
assess evidence on availability of specific nutrients in seafood compared
to other food sources; determine the impact of modifying food choices to
reduce intake of naturally occurring and introduced toxicants on nutrient
intake and nutritional status within the US population; develop a decision
path for US consumers to balance their seafood choices to obtain nutritional
benefits while minimizing exposure risks; and identify data gaps and rec-
ommend future research. The committee’s report recommends approaches
to decision-making for selecting seafood to obtain the greatest nutritional
benefits balanced against exposure to potential toxicants, and identifies data
gaps and research needs. The committee concentrated on issues affecting
marine species and has not dealt in detail with freshwater fisheries.

Copyright © National Academy of Sciences. All rights reserved.
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The task has not been an easy one. The committee reviewed the exist-
ing literature on benefits of seafood consumption and has attempted to
make judgments as to the strength of the evidence. In many cases, we have
deemed the evidence for benefit insufficient or too preliminary. Similarly,
the committee reviewed the data on contaminants and risks they imply. We
were surprised at the lack of good data on the distribution of some con-
taminants in the seafood supply. There is likewise little available evidence
as to how beneficial effects of seafood may counteract some of the risks
from contaminants.

The committee also considered how consumers make decisions as to
what they eat and tried to advise on how to approach the task of com-
municating benefits and risks to consumers. We have not regarded it the
committee’s task to set specific dietary standards for seafood or EPA/DHA
consumption and we have considered our findings in the light of the dietary
recommendations of the Dietary Guidelines Advisory Committee as well as
other authoritative groups.

The Committee on Nutrient Relationships in Seafood was made up of
committed members with widely varied expertise who volunteered countless
hours to the research, deliberations, and preparation of the report. Many
other individuals volunteered significant time and effort to address and edu-
cate our committee members during the first open session, workshop, and
through consultations, and we are grateful for their contributions.

The report could not have been produced without the dedicated guid-
ance and expertise of the study director, Ann Yaktine, and her colleagues;
Cara James, research associate; and Sandra Amamoo-Kakra, senior pro-
gram assistant. We also thank Geraldine Kennedo for administrative sup-
port, Greg Fulco for graphic design, and Hilary Ray for technical and
copy editing. This project benefited from the support and wisdom of Linda
Meyers, director of the Food and Nutrition Board.

Malden C. Nesheim, Chair
Committee on Nutrient Relationships in Seafood
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Summary

eafood (referring in this report to all commercially obtained fish,
shellfish, and mollusks, both marine and freshwater) is a nutrient-rich
food source that is widely available to most Americans. It is a good
source of high-quality protein, is low in saturated fat, and is rich in many
micronutrients. Seafood is often also a rich source of the preformed long-
chain polyunsaturated omega-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), which are synthesized in limited amounts
by the human body from alpha-linolenic acid (ALA), a fatty acid found
in several vegetable, nut, and seed oils (e.g., walnut and flaxseed oils). In
the past several years, research has implicated seafood, particularly its
contribution of EPA and DHA, in various health benefits identified for the
developing fetus and infants, and also for adults, including those at risk for
cardiovascular disease. Contamination of aquatic food sources, however,
whether by naturally-occurring or introduced toxicants, is a concern for US
consumers because of adverse health effects that have been associated with
exposure to such compounds. Methylmercury can accumulate in the lean
tissue of seafood, particularly large, predatory species such as swordfish,
certain shark, tilefish, and king mackerel. Lipophilic compounds such as
dioxins and polychlorinated biphenyls (PCBs) can be found in the fatty tissue
of some fish. High levels of particular microbial pathogens may be present
during certain seasons in various geographic areas, which can compromise
the safety of products commonly eaten raw, such as oysters. Additionally,
some population groups have been identified as being at greater risk from

exposure to certain contaminants in seafood.
In consideration of these issues, the US Department of Commerce,

1
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National Oceanic and Atmospheric Administration (NOAA) asked the
Institute of Medicine (IOM) of the National Academies to examine relation-
ships between benefits and risks associated with seafood consumption to
help consumers make informed choices. The expert committee was asked
to prioritize the potential for adverse health effects from both naturally oc-
curring and introduced toxicants in seafood, assess evidence on availability
of specific nutrients in seafood compared to other food sources, determine
the impact of modifying food choices to reduce intake of naturally occurring
and introduced toxicants on nutrient intake and nutritional status within
the US population, develop a decision path for US consumers to weigh their
seafood choices to obtain nutritional benefits balanced against exposure
risks, and identify data gaps and recommend future research.

The committee concentrated primarily on seafood derived from marine
(saltwater) sources and included freshwater fisheries when appropriate to
the discussion. Further, the committee recognized that these sources vary
greatly in their level of contamination depending on local conditions, and
that individual states have issued a large number of advisories based on
assessment of local conditions. Although the committee was not asked to
consider questions or make recommendations about environmental con-
cerns related to seafood, it recognizes that the impact of changes in seafood
production, harvesting, and processing have important environmental
consequences.

To address the task of assessing benefit-risk trade-offs, the committee
took a three-step approach. The steps that framed this analytical approach
were: (1) analysis and balancing of the benefits and risks (including attention
to characteristics that distinguish target populations as well as substitution
predictions); (2) analysis of consumer perceptions and decision-making (un-
derstanding decision contexts and their variability, and assessing consumers’
behavior regarding how they perceive and make choices); and (3) design
and evaluation of the decision support program itself (including format
and structure of information, media, and combination of communication
products and processes). The aim of the analysis in step 1 is to assess the
overall effect of seafood selections rather than the assessment of reduction
in a specific risk or enhancement of a specific benefit.

ANALYSIS OF THE BALANCING OF BENEFITS AND RISKS OF
SEAFOOD CONSUMPTION

The scientific assessment and balancing of the benefits and risks associ-
ated with seafood consumption is a complex task. Diverse evidence, of vary-
ing levels of completeness and uncertainty, on different types of benefits and
risks must be combined to carry out the assessment required as a first step
in designing consumer guidance. In light of the uncertainty in the available

Copyright © National Academy of Sciences. All rights reserved.
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scientific information associated with both nutrient intake and contaminant
exposure from seafood, no summary metric adequately captures the com-
plexity of seafood benefit/risk trade-offs. Thus, the committee developed a
four-part qualitative protocol adapted from previous work (IOM, 2003)
to evaluate and balance benefits and risks. Following the protocol, the
committee considered consumption patterns of seafood; the scope of the
benefits and risks associated with different patterns of consumption for the
population as a whole and, if appropriate, for specific target populations;
and changes in benefits and risks associated with changes in consumption
patterns. It then balanced the benefits and risks to come to specific guidance
for healthy consumption for the population as a whole, and, as appropriate,
for specific target populations.

Consumption of Seafood in the United States

Seafood consumption has increased over the past century, reaching a
level of more than 16 pounds per person per year in 2003. The ten types
of seafood consumed in the greatest quantities among the US general
population (from highest to lowest) are shrimp, canned tuna, salmon, pol-
lock, catfish, tilapia, crab, cod, clams, and flatfish (e.g., flounder and sole).
The nation’s seafood supply is changing, however, and this may have a
significant impact on seafood choices in the future. The preference among
consumers for marine types of seafood is leading to supply deficits, and
seafood produced by aquaculture is replacing captured supplies for several
of these types.

While seafood is recognized as a primary source of the omega-3 long-
chain polyunsaturated fatty acids EPA and DHA, not all seafood is rich in
these fatty acids. Among types of seafood, shrimp and canned light tuna
are the two most commonly consumed, and they are not especially high in
EPA and DHA. Eggs and chicken, although not particularly rich sources,’
may contribute to the EPA and DHA content of the US diet because of their
frequent consumption. Relative to other foods in the meat, poultry, fish, and
eggs group, however, seafood is generally lower in saturated fatty acids and
higher in EPA, DHA, and selenium, all of which have been associated with
health benefits.

Primary Findings

1. Average quantities of seafood consumed by the general US popula-
tion, and by several specific population groups, are below levels suggested by

Because of changes in feed composition the current levels of EPA/DHA in chicken and eggs
may be less than that reported in food databases.

Copyright © National Academy of Sciences. All rights reserved.
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many authoritative groups, including levels recommended by the American
Heart Association for cardiovascular disease prevention; and

2. For many ethnic and geographic subgroups, there are insufficient
data to characterize the intake levels of seafood, EPA, DHA, and other
dietary constituents, and to assess the variability of those intakes.

Benefits Associated with Nutrients from Seafood

The high nutritional quality of seafood makes it an important compo-
nent of a healthy diet. While protein is an important macronutrient in the
diet, most Americans already consume enough and do not need to increase
their intake. Fats and oils are also part of a healthful diet, but the type and
amount of fat can be important—for example, with regard to cardiovascular
disease. Many Americans consume greater than recommended amounts of
saturated fat as well as cholesterol from high-fat protein foods such as beef
and pork. Many seafood selections are lower in total and saturated fats and
cholesterol than some more frequently selected animal protein foods such
as fatty cuts of beef, pork, and poultry, and are equivalent in amount of
fat to some leaner cuts of meat. Since it is lower in saturated fats, however,
by substituting seafood more often for other animal foods, consumers can
decrease their overall intake of both total and saturated fats while retaining
the nutritional quality of other protein food choices.

Seafood is also a primary source of EPA and DHA in the American diet.
The contribution of these nutrients to improving health and reducing risk
for certain chronic diseases in adults has not been completely elucidated.
There is evidence, however, to suggest there are benefits to the developing
infant, such as increasing length of gestation, improved visual acuity, and
improved cognitive development. In addition, there is evidence to support
an overall benefit to the general population for reduced risk of heart disease
among those who eat seafood compared to those who do not, and there may
be benefits from consuming EPA and DHA for adults at risk for coronary
heart disease.

Primary Findings

1. Seafood is a nutrient-rich food that makes a positive contribution to
a healthful diet. It is a good source of protein, and relative to other protein
foods, e.g., meat, poultry, and eggs, is generally lower in saturated fatty acids
and higher in the omega-3 fatty acids EPA and DHA as well as selenium;

2. The evidence to support benefits to pregnancy outcome in females
who consume seafood or fish-oil supplements as part of their diet during
pregnancy is derived largely from observational studies. Clinical trials and
epidemiological studies have also shown an association between increased

Copyright © National Academy of Sciences. All rights reserved.
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duration of gestation and intake of seafood or fish-oil supplements. Evidence
that the infants and children of mothers who consume seafood or EPA/DHA
supplements during pregnancy and/or lactation may have improved devel-
opmental outcomes is also supported largely by observational studies;

3. Observational evidence suggests that increased seafood consumption
is associated with a decreased risk of cardiovascular deaths and cardiovascu-
lar events in the general population. Evidence is insufficient to assess if this
association is mediated through an increase in EPA and DHA consumption
and/or a decrease in saturated fat consumption and/or other correlates of
seafood consumption;

4. Evidence is inconsistent for protection against further cardiovas-
cular events in individuals with a history of myocardial infarction from
consumption of EPA/DHA-containing seafood or fish-oil supplements. The
protection evidenced by population (observational) studies has not been
consistently observed in randomized clinical trials; and

5. Evidence for a benefit associated with seafood consumption or fish-
oil supplements on blood pressure, stroke, cancer, asthma, type II diabetes,
or Alzheimer’s disease is inconclusive. Whereas observational studies have
suggested a protective role of EPA/DHA for each of these diseases, sup-
portive evidence from randomized clinical trials is either nonexistent or
inconclusive.

Risks Associated with Seafood

The safety of seafood in the US has increased in recent decades, although
there are still a number of chemical and microbial hazards that are present in
seafood. Whether a contaminant poses a health risk to consumers depends
on the amount present in the food and the potential outcome from exposure.
Consumers are exposed to a complex mixture of dietary and non-dietary
contaminants. However, most studies of the risks associated with seafood
focus on one contaminant at a time rather than a mixture. The extent to
which such coexposures might affect the toxicity of seafoodborne contami-
nants is largely unknown. Similarly, few data are available on the extent to
which beneficial components of seafood, such as selenium, might mitigate
the risks associated with seafoodborne contaminants. The evidence reviewed
indicates that the levels of different contaminants in seafood depend on
several factors such as species, size, location, age, and feed source. Levels
of some contaminants in seafood vary substantially due to their geographic
localization; areas of highest variation tend to be mostly freshwater.

Consumption of aquatic foods is the major route of human exposure
to methylmercury (MeHg). The seafood choices a consumer makes and the
frequency with which different species are consumed are thus important
determinants of methylmercury intake. Exposure to MeHg among US

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

6 SEAFOOD CHOICES

consumers in general is a concern because there is uncertainty about the
potential for subtle adverse health outcomes. Since the most sensitive sub-
group of the population to MeHg exposure is the developing fetus, intake
recommendations are developed for and directed to the pregnant woman
rather than to the general population.

Persistent organic pollutants (POPs), including dioxins and PCBs, can
be found in the fatty tissue of all animal-derived foods, including seafood.
Exposure to these compounds among the general population has been de-
creasing in recent decades. The greatest concern is for population groups
exposed to POPs in seafood obtained through cultural, subsistence, or
recreational fishing, because of reliance on fish from locations that may
pose a greater risk.

In contrast to heavy metal contaminants and POPs, the number of re-
ported illnesses from seafoodborne microbial contaminants has remained
steady over the past several decades. Exposure to vibrio and norovirus infec-
tions is still a concern, however, because they continue to be associated with
consumption of raw molluscan shellfish. Strategies for minimizing the risk
of seafoodborne illnesses are, to some extent, hazard-specific, but overall
include avoiding types of seafood identified as being more likely to contain
certain contaminants, and following general food safety guidelines, which
include proper cooking.

Primary Findings

1. Levels of contaminants in seafood depend on several factors, includ-
ing species, size, harvest location, age, and composition of feed. MeHg is
the seafoodborne contaminant for which the most exposure and toxicity
data are available; levels of MeHg in seafood have not changed substantially
in recent decades. Exposure to dioxins and PCBs varies by location and
vulnerable subgroups (e.g., some American Indian/Alaskan Native groups
living near contaminated waters) may be at increased risk. Microbial illness
from seafood is acute, persistent, and a potentially serious risk, although
incidence of illness has not increased in recent decades.

2. Considerable uncertainties are associated with estimates of the health
risks to the general population from exposures to methylmercury and persis-
tent organic pollutants at levels present in commercially obtained seafood.
The available evidence to assess risks to the US population is incomplete
and useful to only a limited extent.

3. Consumers are exposed to a complex mixture of dietary and non-
dietary contaminants whereas most studies of risks associated with seafood
focus on a single contaminant.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

SUMMARY 7

Balancing Benefits and Risks

From its review of consumption, benefits, and risks, the committee
recommends that:

Recommendation 1: Dietary advice to the general population from
federal agencies should emphasize that seafood is a component of a healthy
diet, particularly as it can displace other protein sources higher in saturated
fat. Seafood can favorably substitute for other high biologic value protein
sources while often improving the overall nutrient profile of the diet.

Recommendation 2: Although advice from federal agencies should
also support inclusion of seafood in the diets of pregnant females or those
who may become pregnant, any consumption advice should stay within
federal advisories for specific seafood types and state advisories for locally
caught fish.

Recommendation 3: Appropriate federal agencies (the National Oce-
anic and Atmospheric Administration [NOAA], the US Environmental
Protection Agency [USEPA], and the Food and Drug Administration of
the US Department of Health and Human Services [FDA]) should increase
monitoring of methylmercury and persistent organic pollutants in seafood
and make the resulting information readily available to the general public.
Along with this information, these agencies should develop better recom-
mendations to the public about levels of pollutants that may present a risk
to specific population subgroups.

Recommendation 4: Changes in the seafood supply (source and type
of seafood) must be accounted for—there is inconsistency in sampling and
analysis methodology used for nutrients and contaminant data that are
published by state and federal agencies. Analytical data is not consistently
revised, with separate data values presented for wild-caught, domestic, and
imported products.

Drawing on these recommendations and its benefit-risk assessment pro-
tocol, the committee identified four population groups for which the data
support subgroup-specific conclusions. In the committee’s judgement, the
variables that distinguish between these populations facing different benefit-
risk balances based on existing evidence are (1) age, (2) gender, (3) preg-
nancy or possibility of becoming pregnant, or breastfeeding, and (4) risk of
coronary heart disease, although the evidence for a benefit to adult males
and females who are at risk for coronary heart disease is not sufficient to
warrant inclusion as a separate group within the decision-making frame-
work. The groups and appropriate guidance are listed in Box S-1 below.
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To balance the benefits and risks, the recommendations, as they apply to
the target population groups 1-3, are arrayed in a decision pathway (shown
in Figure S-1) that illustrates the committee’s resulting analysis of the bal-
ance between benefits and risks associated with seafood consumption.

BOX S-1
Population Groups and Appropriate Guidance

1. Females who are or may become pregnant or who are
breastfeeding:

a. May benefit from consuming seafood, especially those with
relatively higher concentrations of EPA and DHA;

b. A reasonable intake would be two 3-ounce (cooked) servings
but can safely consume 12 ounces per week;

c. Can consume up to 6 ounces of white (albacore) tuna per
week;

d. Should avoid large predatory fish such as shark, swordfish,
tilefish, or king mackerel.

2. Children up to age 12:

a. May benefit from consuming seafood, especially those with
relatively higher concentrations of EPA and DHA;

b. A reasonable intake would be two 3-ounce (cooked), or age-
appropriate, servings but can safely consume 12 ounces per week;

c. Can consume up to 6 ounces (or age-appropriate) of white
(albacore) tuna per week;

d. Should avoid large predatory fish such as shark, swordfish,
tilefish, or king mackerel.

3. Adolescent males, adult males, and females who will not become
pregnant:

a. May reduce their risk for cardiovascular disease by consuming
seafood regularly, e.g., two 3-ounce servings per week;

b. Who consume more than two servings a week should choose a
variety of types of seafood to reduce the risk for exposure to contaminants
from a single source.

4. Adult males and females who are at risk of cardiovascular disease:

a. May reduce their risk of cardiovascular disease by consuming
seafood regularly, e.g., two 3-ounce servings per week;

b. Although supporting evidence is limited, there may be additional
benefits from including high EPA/DHA seafood selections;

c. Who consume more than two servings a week should choose a
variety of types of seafood to reduce the risk for exposure to contaminants
from a single source.
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Age/Gender Group

I
v v
13 years and
over

[
] v

Female Male

12 years and
under

Could become pregnant,
pregnant, or lactating

Yes No

v '

May benefit from consuming seafood,
especially those with relatively higher
concentrations of EPA and DHA.

Consume seafood regularly, e.g.,

. two 3-ounce servings weekly.
A reasonable intake would be two

3-ounce servings (or for children,
age-appropriate servings) but can
safely consume 12 ounces per week.

If consuming more than 2 servings
per week, choose a variety of seafood
types.

Can consume up to 6 ounces (or for
children, age-appropriate servings)
of white (albacore) tuna per week
and should avoid large predatory fish
such as shark, swordfish,
tilefish, or king mackerel.

v v

Contaminants in seafood vary according to local conditions; consume locally caught seafood
only if appropriate after checking your state advisories.

There may be additional benefits
from including seafood comparatively
high in EPA and DHA.

FIGURE S-1 The committee’s decision pathway derived from the balance between
benefits and risks associated with seafood consumption. The diagram highlights the
variables that group consumers into target populations that face different benefits
and risks and should receive tailored advice.

NOTE: The wording in this figure has not been tested among consumers. Designers
will need to test the effects of presenting information on seafood choices in alternative
formats.
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UNDERSTANDING CONSUMER DECISION MAKING AS THE
BASIS FOR THE DESIGN OF CONSUMER GUIDANCE

The second step in the approach to balancing benefits and risks as-
sociated with seafood consumption is developing an understanding of the
context within which consumers make seafood choices. Receiving new
information, such as dietary guidance, does not automatically lead consum-
ers to change their food consumption patterns. Food choice is influenced
by a complex information environment that includes taste, availability, and
price, as well as guidance, point-of-purchase information, labeling, and ad-
vice from health care providers. In the context of this environment, specific
pieces of guidance may have limited impact, although evidence suggests that
this impact varies significantly and in many instances is not well measured
or understood. There are several factors that mitigate against current advice
having the intended consequences in terms of consumer choice. Increased
understanding of the individual, socio-cultural, and environmental factors
that influence consumer choice is necessary for the design of consumer guid-
ance, especially where the intent is to communicate balancing of benefits
and risks associated with seafood consumption.

Seafood choices, like all consumption choices, entail value trade-offs;
some individuals will choose high risks to achieve what they value as high
benefits (e.g., consume raw seafood because of its pleasurable taste), while
others may prefer to “play it safe.” Individual differences in tastes, prefer-
ences, beliefs and attitudes, and situations complicate the task of informing
and supporting benefit-risk trade-off decisions. Audience segmentation and
targeting, therefore, is essential for effective communication, because deci-
sion objectives, risk attitudes, and people’s knowledge about and interest
in decision-making vary. Guidance in making seafood choices should allow
consumers to access information in a clear and easy-to-understand format. It
should also be structured to support decision-making, and allow consumers
to access additional layers of information when they want them.

BALANCING CHOICES: SUPPORTING CONSUMER SEAFOOD
CONSUMPTION DECISIONS

The third design step for developing specific support for seafood con-
sumption decisions is production and evaluation of the information itself,
including ways to integrate the benefit and risk considerations in mock-up
examples of how such information might be provided. It is apparent in any
discussion of seafood consumption that “one size does not fit all” and that
messages about consumption often have to be individualized for different
groups, such as subsistence fishers, pregnant women, children, and native
populations, to mention a few. The committee’s balancing of the benefits and
risks of different patterns of seafood consumption for different subpopula-
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tions is illustrated in Figure S-1. Different subpopulations could be used by
federal agencies as the basis for targeting advice to consumers on seafood
consumption. Resulting communication products should be tested empiri-
cally. Through a brief set of questions, a decision pathway can segment and
channel consumers into relevant benefit-risk subpopulations in order to
provide benefit and risk information that is tailored to each group. The in-
clusion of alternative presentations of benefit-risk advice and information in
the design of consumer advice recognizes that while some consumers prefer
to follow the advice given to them by experts, others want to decide on the
benefit-risk trade-offs for themselves.

One of the challenges in supporting informed consumer choice is how
governmental agencies communicate health benefits and risks to both the
general population and to specific subgroups or particularly vulnerable
populations. Developing effective tools to disseminate current and emerging
information to the public requires formal evaluation, as well as an itera-
tive approach to design. The use of tailored messages and community-level
involvement on an ongoing basis is likely to improve the effectiveness of
communication between federal agencies and target populations.

Primary Findings

1. Advice to consumers from the federal government and private orga-
nizations on seafood choices to promote human health has been fragmented.
Benefits have been addressed separately from risks; portion sizes differ from
one piece of advice to another. Some benefits and some risks have been ad-
dressed separately from others for different physiological systems and age
groups. As a result, multiple pieces of guidance—sometimes conflicting—si-
multaneously exist for seafood.

2. Given the uncertainties present in underlying exposure data and
health impact analysis, there is no single summary metric that adequately
captures the complexity of balancing benefits and risks associated with sea-
food for purposes of providing guidance to consumers. An expert judgement
technique can be used to consider benefits and risks together, to yield specific
suggested consumption guidance.

Recommendations

Recommendation 5: Appropriate federal agencies should develop tools
for consumers, such as computer-based, interactive decision support and
visual representations of benefits and risks that are easy to use and to in-
terpret. An example of this kind of tool is the health risk appraisal (HRA),
which allows individuals to enter their own specific information and returns
appropriate recommendations to guide their health actions. The model de-
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veloped here provides this kind of evidence-based recommendations regard-
ing seafood consumption. Agencies should also develop alternative tools for
populations with limited access to computer-based information.

Recommendation 6: New tools apart from traditional safety assessments
should be developed, such as consumer-based benefit-risk analyses. A better
way is needed to characterize the risks combined with benefit analysis.

Recommendation 7: A consumer-directed decision path needs to be
properly designed, tested, and evaluated. The resulting product must un-
dergo methodological review and update on a continuing basis. Responsible
agencies will need to work with specialists in risk communication and evalu-
ation, and tailor advice to specific groups as appropriate.

Recommendation 8: Consolidated advice is needed that brings together
different benefit and risk considerations, and is tailored to individual cir-
cumstances, to better inform consumer choices. Effort should be made to
improve coordination of federal guidance with that provided through part-
nerships at the state and local level.

Recommendation 9: Consumer messages should be tested to determine
if there are spillover effects for segments of the population not targeted by
the message. There is suggestive evidence that risk-avoidance advice for
sensitive subpopulations may be construed by other groups or the general
population as appropriate precautionary action for themselves. While em-
phasizing trade-offs may reduce the risk of spillover effects, consumer test-
ing of messages should address the potential for spillover effects explicitly.

Recommendation 10: The decision pathway the committee recom-
mends, which illustrates its analysis of the current balance between benefits
and risks associated with seafood consumption, should be used as a basis
for developing consumer guidance tools for selecting seafood to obtain
nutritional benefits balanced against exposure risks. Real-time, interactive
decision tools, easily available to the public, could increase informed actions
for a significant portion of the population, and help to inform important
intermediaries, such as physicians.

Recommendation 11: The sponsor should work together with appropri-
ate federal and state agencies concerned with public health to develop an
interagency task force to coordinate data and communications on seafood
consumption benefits, risks, and related issues such as fish stocks and sea-
food sources, and begin development of a communication program to help
consumers make informed seafood consumption decisions. Empirical evalu-
ation of consumers’ needs and the effectiveness of communications should
be an integral part of the program.

Recommendation 12: Partnerships should be formed between federal
agencies and community organizations. This effort should include targeting
and involvement of intermediaries, such as physicians, and use of interactive
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Internet communications, which have the potential to increase the usefulness
and accuracy of seafood consumption communications.

RESEARCH GAPS AND RECOMMENDATIONS

Seafood Consumption

Recommendation 1: Research is needed on systematic surveillance
studies of targeted subpopulations. Such studies should be carried out us-
ing state-of-the-art assessment methods to determine the intake levels of
seafood, EPA/DHA and other dietary constituents, and the variability of
those intake levels among population groups.

Recommendation 2: Sufficiently large analytic samples of the most com-
mon seafood types need to be obtained and examined. These samples should
be used to determine the levels of nutrients, toxicants, and contaminants
in each species and the variability between them, which should be reported
transparently.

Recommendation 3: Additional data is needed to assess benefits and
risks associated with seafood consumption within the same population or
population subgroup.

Pregnant and Lactating Women

Recommendation 4: Better data are needed to determine if outcomes
of increasing consumption of seafood or increasing EPA/DHA intake levels
in US women would be comparable to outcomes of populations in other
countries. Such studies should be encouraged to include populations of high
fish-consumers outside the United States to determine if there are differences
in risks for these populations compared to US populations.

Recommendation 5: Dose-response studies of EPA/DHA in pregnant
and lactating women are needed. This information will help determine if
higher intakes can further increase gestation duration, reduce premature
births, and benefit infant development. Other studies should include assess-
ing whether DHA alone can act independently of EPA to increase duration
of gestation.

Infants and Toddlers

Recommendation 6: Research is needed to determine if cognitive and
developmental outcomes in infants are correlated with performance later in

childhood. This should include:
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e Evaluating preschool and school-age children exposed to EPA/
DHA in utero and postnatally, at ages beginning around 4 years
when executive function is more developed; and

¢ Evaluating development of school-age children exposed to vari-
able EPA/DHA levels in utero and postnatally with measures
of distractibility, disruptive behavior, and oppositional defiant
behavior, as well as more commonly assessed cognitive outcomes
and more sophisticated tests of visual function.

Recommendation 7: Additional data are needed to better define opti-
mum intake levels of EPA/DHA for infants and toddlers.

Children

Recommendation 8: Better-designed studies about EPA/DHA supple-
mentation in children with behavioral disorders are needed.

Adults at Risk for Chronic Disease

Recommendation 9: In the absence of meta-analyses that systematically
combine quantitative data from multiple studies, further meta-analyses and
larger randomized trials are needed to assess outcomes other than cardio-
vascular, in particular total mortality, in order to explore possible adverse
effects of EPA/DHA supplementation.

Recommendation 10: Additional clinical research is needed to assess a
potential effect of seafood consumption and/or EPA/DHA supplementation
on stroke, cancer, Alzheimer’s disease, and depression.

Recommendation 11: Future epidemiological studies should assess in-
take of specific species of seafood and/or biomarkers, in order to differenti-
ate the health effects of EPA/DHA from the health effects of contaminants
such as methylmercury.

Health Risks Associated with Seafood Consumption

Recommendation 12: More complete data are needed on the distribu-
tion of contaminant levels among types of fish. This information should be
made available in order to reduce uncertainties associated with the estima-
tion of health risks for specific seafoodborne contaminant exposures.

Recommendation 13: More quantitative characterization is needed
of the dose-response relationships between chemical contaminants and
adverse health effects, in the ranges of exposure represented in the general
US population. Such information will reduce uncertainties associated with
recommendations for acceptable ranges of intake.
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Recommendation 14: In addition, the committee recommends more
research on useful biomarkers of contaminant exposures and more precise
quantitative characterization of the dose-response relationships between
chemical contaminants and adverse health effects, in the ranges of exposure
represented in the general US population, in order to reduce uncertainties
associated with recommendations for acceptable ranges of intake.

Designing Consumer Guidance

Recommendation 15: Research is needed to develop and evaluate more
effective communication tools for use when conveying the health benefits
and risks of seafood consumption as well as current and emerging informa-
tion to the public. These tools should be tested among different communities
and subgroups within the population and evaluated with pre- and post-test
activities.

Recommendation 16: Among federal agencies there is a need to design
and distribute better consumer advice to understand and acknowledge the
context in which the information will be used by consumers. Understanding
consumer decision-making is a prerequisite. The information provided to
consumers should be developed with recognition of the individual, envi-
ronmental, social, and economic consequences of the advice. In addition, it
is important that consistency between agencies be maintained, particularly
with regard to communication information using serving sizes.

CONCLUSION

For most of the general population, balancing benefits and risks associ-
ated with seafood consumption to obtain nutritional and health benefits can
be achieved by selecting seafood from available options in quantities that
fall within accepted dietary guidelines. For the specific subgroups identi-
fied by the committee, making such selections requires that consumers are
aware of both nutrients and contaminants in the seafood available and
are provided useful information on both benefits and risks to inform their
choices. The committee has put forward its interpretation of the evidence
for benefits and risks associated with seafood and considered the balance
between them. Recommendations are made to facilitate development of
appropriate consumer guidance for making seafood selections, based on
the committee’s findings, and research opportunities are identified that will
contribute to filling knowledge gaps.
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ederal agencies and private organizations have recommended including

seafood as part of a healthy diet because of the variety of nutrients it

provides. However, contamination of seafood, whether by naturally
occurring or introduced contaminants, remains a concern for US consum-
ers because of the potential for adverse health effects. The extent to which
a contaminant in a food may be considered a risk to health depends upon
the nature and level of the compound present, and the sensitivity of indi-
viduals or groups in a population to potentially toxic compounds. Specific
population groups have been identified as being at particular risk from
exposure to contaminants in seafood. Paradoxically, these population
groups may especially benefit from the nutrients in seafood. For most of
the general population, optimal benefits from seafood can be obtained by
making choices to maximize intake of desirable nutrients balanced against
exposure to contaminants that may pose a health risk. Making such selec-
tions, however, requires that consumers are aware of the variety of seafood
available and are provided information on both benefits and risks to inform
their choices.

For the purposes of this report, the term seafood refers to all commer-
cially obtained fish, shellfish, and mollusks, both marine and freshwater.
When marine mammals are pertinent to the discussion, they will be identi-
fied separately. The impact of seafood obtained by subsistence and recre-
ational harvesting is considered as far as the more limited data allow.

17
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RECOMMENDATIONS TO ENCOURAGE
SEAFOOD CONSUMPTION

Seafood contributes a variety of nutrients to the American diet, includ-
ing protein and important micronutrients, and its eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) content distinguishes it as provid-
ing a unique nutritional benefit. EPA and DHA are abundant in some sea-
food types and the conversion from alpha-linolenic acid (ALA) is inefficient
in humans (Burdge, 2004). Seafood is not a primary source for ALA. EPA
and DHA are believed to be important in reducing the risk of cardiovascular
disease, lengthening gestation, and possibly promoting fetal and infant neu-
rological development. For these reasons, several groups have recommended
inclusion of seafood, particularly those choices high in EPA/DHA, in the
American diet (see Appendix Table B-3). These recommendations frequently
refer to servings per week; throughout this report, unless otherwise stated, a
serving of seafood is defined as 4 ounces raw, which yields 3 ounces cooked.
As noted later in this chapter and throughout the report, some federal and
state agencies and nonfederal organizations include larger (8 ounce) serving
sizes in their recommendations and advisories. This committee has adopted
the convention of the Dietary Guidelines Advisory Committee (see below) in
considering a serving size from the meat, poultry, fish, and egg food group
to be 4 ounces raw, or 3 ounces cooked.

Dietary Guidelines Advisory Committee

Every 5 years, an expert Dietary Guidelines Advisory Committee
(DGAC) is appointed to make recommendations to the Secretaries of the
Department of Health and Human Services (HHS) and the Department
of Agriculture (USDA) concerning revision of the Dietary Guidelines for
Americans (DGA). In 2005, the DGAC issued its own report, separate from
the Dietary Guidelines, which reviewed the preponderance of scientific and
medical knowledge and suggested a set of key messages (DGAC, 2005).

One of these messages, in the section on dietary fats, was “the consump-
tion of two servings (approximately 6-8 ounces) per week of fish high in
EPA and DHA is associated with reduced risk of both sudden death and
death from coronary heart disease in adults. To benefit from the potential
cardioprotective effects of EPA and DHA, the weekly consumption of two
servings of fish, particularly fish rich in EPA and DHA, is suggested. Other
sources of EPA and DHA may provide similar benefits; however, further
research is warranted.” The strength of this message was tempered some-
what by the section on food safety, which warned of the potential danger
of methylmercury in fish.
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Dietary Guidelines for Americans

The Dietary Guidelines for Americans provide science-based advice to
promote health and reduce risk for major chronic diseases through diet and
physical activity. The DGA are a statement of federal nutrition policy and,
as such, form the basis of all federal food assistance as well as nutrition edu-
cation and information programs. For example, the DGA are used in menu
planning in the National School Lunch Program; in educational materials
used by the Special Supplemental Nutrition Program for Women, Infants,
and Children (WIC); and in setting the Healthy People objectives for the
nation. In addition, the Secretaries of HHS and USDA review all federal pub-
lications related to dietary guidance to ensure consistency with the DGA.

Developed for policy makers, nutrition professionals, and educators, the
DGA were initially published in 1980 by HHS and USDA, and have been
updated every S years. The most recent edition was drafted in 2005 by a
committee of scientists after reviewing the recommendations of the DGAC
(see above) and the associated public comments. Because of the competing
benefits and risks associated with seafood consumption pointed out in the
DGAC report, drafters of the DGA stopped short of making a quantified
key recommendation for fish or seafood. Instead, they recommended that
individuals “Keep total fat intake between 20 to 35 percent of calories, with
most fats coming from sources of polyunsaturated and monounsaturated
fatty acids, such as fish, nuts, and vegetable oils” (DGA, 2005). The ac-
companying text cites evidence for a reduced risk of cardiovascular disease
among the general population associated with the consumption of certain
fatty acids from seafood.

MyPyramid

After the release of the DGA, the USDA released the MyPyramid food
guidance system along with the new MyPyramid symbol (USDA, 2005).
This food guidance system was developed to help Americans make healthy
food choices, given their sex, age, and activity level. Recommended quanti-
ties are provided for each food group (grains, fruits, vegetables, milk, meat
and beans, oils, and discretionary calories), with fish represented in the
meat and beans group. While no specific quantity of fish is recommended,
“selection tips” suggest that Americans “select fish rich in omega-3 fatty
acids, such as salmon, trout, and herring, more often” (Source: http://www.
mypyramid.gov).

American Heart Association Guidelines

The American Heart Association (AHA) Dietary Guidelines are based
on the findings of the nutrition committee of the AHA and were last revised
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TABLE 1-1 Summary of American Heart Association Recommendations
for Omega-3 Fatty Acid Intake?

Population Recommendation

Patients without Eat a variety of (preferably fatty) fish at least twice a week. Include
documented coronary oils and foods rich in alpha-linolenic acid (flaxseed, canola, and
heart disease (CHD)  soybean oils; flaxseed and walnuts).

Patients with Consume about 1 g of EPA+DHA per day, preferably from fatty
documented CHD fish. EPA+DHA supplements could be considered in consultation

with the physician.

Patients who need to 2 to 4 g of EPA+DHA per day provided as capsules under a
lower triglycerides physician’s care.

@Patients taking more than 3 g of omega-3 fatty acids from supplements should do so only
under a physician’s care. High intakes could cause excessive bleeding in some people.

SOURCE: AHA, 2005.

in 2000 (Krauss et al., 2000). The AHA recommendations are aimed at re-
ducing risk for cardiovascular disease by altering dietary and lifestyle factors
among the general population, although there are individualized approaches
for specific subgroups with medical concerns such as lipid disorders and dia-
betes. The AHA dietary guidelines include a recommendation that healthy
adults eat fish at least twice a week. Altogether, the AHA has three recom-
mended intake levels for EPA and DHA, corresponding to research findings
on associations between EPA/DHA intake and cardiac risk reduction. The
AHA (2005) recommendations, posted on its website (Source: http:/www.
americanheart.org/presenter.jhtml?identifier=851), are shown in Table 1-1.

The basis for the AHA recommendations is research suggesting that
adopting healthy food habits that include eating two 3-ounce servings of
seafood per week can help reduce three major risk factors for heart attack—
high blood cholesterol, high blood pressure, and excess body weight (see
Chapter 3 for discussion). Reducing blood pressure may also help reduce
the major risk factors for stroke. Recognizing the importance of primary
prevention, i.e., preventing the development of cardiovascular risk factors
before symptoms arise, the American Heart Association also endorses the
recommendation that children aged 2 years and above increase consumption
of “oily” fish prepared by broiling or baking (Gidding et al., 20035).

The American Dietetic Association

The American Dietetic Association and the Dietitians of Canada (ADA,
2003) published a position paper on vegetarian diets that addressed inclu-
sion of omega-3 fatty acids. Vegetarian diets, which are rich in omega-6
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but poor in omega-3 fatty acids, may contribute to decreased production
of EPA and DHA in vegetarians. Apart from fish and eggs, omega-3 fatty
acids can be obtained from microalgae, which is now available as a dietary
supplement.

The Dietary Reference Intake (IOM, 2002/2005) recommendation for
an adequate intake (AI) of 1.6 and 1.1 grams of ALA per day for men and
women, respectively, assumes some intake of EPA and DHA to meet targeted
omega-3 levels. However, since vegetarians may not consume adequate
levels of preformed EPA and DHA from seafood, and ALA is not efficiently
converted to EPA/DHA, this recommendation may not be adequate for their
needs. The joint World Health Organization/Food and Agriculture Orga-
nization Consultation on Diet, Nutrition and the Prevention of Chronic
Disease (WHO/FAQ, 2003) recommendation of an intake of 5-8 percent of
daily calories from omega-6 and 1-2 percent from all omega-3 (EPA, DHA,
and ALA) sources also falls short of vegetarians’ needs if an algal source is
not included in the diet.

The position of the American Dietetic Association is that vegetarians
should include good sources of ALA, such as flaxseed, flaxseed oil, soy, or
walnut oil in their diets. In addition, for those with increased requirements,
including pregnant and lactating females, direct sources of EPA and DHA
such as microalgae should be included in the diet.

ADVISORIES AND WARNINGS ABOUT SEAFOOD CONSUMPTION

The levels of different toxic compounds in seafood vary within and
among species due to the chemical properties of the contaminant and the
characteristics of the seafood. For example, compounds such as dioxins and
polychlorinated biphenyls (PCBs) accumulate in fat tissue and are found
predominantly in fatty fish and fish that live in fresh or coastal waters, in-
cluding striped bass, bluefish, American eel, lake trout, and farmed Atlantic
salmon. Heavy metals such as methylmercury accumulate in lean tissue and
are found in the muscle tissue of older, predatory fish such as shark, sword-
fish, king mackerel, and tilefish.

Federal Advisories

The Food and Drug Administration (FDA) of the US Department of
Health and Human Services announced in 2001 its advice to pregnant
females and those of childbearing age who may become pregnant on the
hazard of consuming fish that may contain high levels of methylmercury.
In 2004, the advice was jointly reissued by FDA and the US Environmental
Protection Agency (US EPA), and was updated to include the message that
seafood makes an important contribution to the diet (US EPA/FDA, 2004).
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The FDA advice states that women should select a variety of seafood includ-
ing shellfish, canned fish, smaller ocean fish or farm-raised fish, and that
they could safely consume 12 ounces per week of cooked fish (four 3-ounce
servings). The US EPA/FDA joint advisory also includes information on
specific types of fish that are low or high in methylmercury and advice to
consumers to check their local advisories about the safety of locally caught
fish. The advisory further cautions pregnant women and women of child-
bearing age who may become pregnant, as well as women who are nursing
and young children, to avoid consuming shark, swordfish, king mackerel,
and tilefish. This recommendation applies to commercially obtained as
well as consumer-caught fish. The US EPA national fishing advisory states
that, for consumer-caught fish, consumers should first consult their local
advisories, or in the case where no advisory exists, to restrict consumption
of consumer-caught fish to one “8-ounce (raw; 6 ounces cooked) meal per
week” (US EPA, 2004a) for an adult with a body weight of 70 kilograms
(kg) (154 pounds) (see Table 1-2).

State Advisories

The five primary bioaccumulative pollutants for which fishing advisories
have been established are mercury, PCBs, chlordane, dioxins, and DDT and
its metabolites, although approximately 76 percent of all advisories issued
addressed mercury contamination. States establish their own advisory cri-
teria, which may be based on established federal advisories, and determine
which water bodies to monitor; these may include coastal waters, rivers,
and lakes. Across the states and territories of the United States, the number
of waterbodies under advisory represents 35 percent of total lake acres (ap-
proximately 101,818 lakes), 24 percent of total river miles (approximately
846,310 river miles), and 71 percent of the contiguous coastal waters (US
EPA, 2004Db).

The National Listing of Fish Advisories database (Source: http://www.
epa.gov/waterscience/fish/advisories/index.html) listed 3,089 advisories in
48 states, the District of Columbia, and the US Territory of American Samoa
in 2003 (US EPA, 2005b).

In 2003, 31 states had statewide advisories in effect, including new
statewide advisories for all rivers and lakes in Montana and Washington,
and an advisory for marine fish in Hawaii. In addition to advisories in place
in 2003, 16 states across the United States had Safe Eating Guidelines, either
for specific waterbodies or inclusive of all rivers and lakes statewide. The
guidelines are issued to inform and reassure the public that certain species
of fish taken from these waterbodies have been tested and shown to contain
very low levels of contaminants. The only state within the continental Unit-
ed States that did not have an advisory of any type in 2003 was Wyoming
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(Source: http://www.epa.gov/waterscience/fish/advisories/fs2004.html). The
number of total state and territory advisories increased to 3,221 in 2004;
however, the number of Safe Eating Guidelines issued by states increased as
well to 1,213 in 2004.

ADVICE ON SEAFOOD CONSUMPTION OUTSIDE THE US

The United Kingdom’s Scientific Advisory Committee on Nutrition

In the United Kingdom (UK), the Food Standards Agency (FSA) and the
Department of Health sought advice from the Scientific Advisory Commit-
tee on Nutrition (SACN) and the Committee on Toxicity of Chemicals in
Food, Consumer Products and the Environment (COT) on the benefits and
risks of fish consumption, with particular reference to “oily” fish (fish high
in EPA/DHA). A joint SACN/COT subgroup was convened to deliberate
and produce a report. The report (SACN, 2004) assessed the risks associ-
ated with consumption of seafood, weighed the nutritional benefits against
possible risks, and developed coherent dietary advice for the public on the
consumption of seafood.

A summary of the benefits and risks associated with seafood consump-
tion was reviewed in the report. Among the conclusions reached by the
SACN/COT regarding those benefits and risks associated with increased
consumption of seafood and fish oils were that:

1. SACN endorsed the general population recommendation to eat at
least two servings of fish per week, of which one should be oily, and agreed
that this recommendation should also apply to pregnant women;

2. An increase in oily fish consumption to one serving a week, from the
current levels of about a third of a serving a week, would probably confer
significant public health benefits in terms of reduced risk of cardiovascular
disease;

3. There is further evidence that increased seafood consumption might
have beneficial effects on fetal development;

4. The evidence to support benefits at higher levels of consumption is
insufficient to enable accurate quantification; and

5. Exceeding designated intake guideline ranges over the short-term
would not be deleterious, but long-term exceedances could have deleterious
effects in sensitive individuals. In the case of pregnant and lactating women,
for example, a woman who had not consistently exceeded the guideline
range previously, could increase her oily fish consumption throughout preg-
nancy and lactation above the guideline range (e.g., to two to three servings
of oily fish a week) without detrimental effects from exposure to persistent
organic pollutants such as dioxins and PCBs.
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The European Food Safety Authority

Recognizing that fish is a source of nutritional benefit but also of
contaminants of concern, particularly methylmercury, dioxins, and dioxin-
like compounds (DLCs), the European Food Safety Authority (EFSA) was
asked by the European Parliament to assess health risks associated with
consumption of farmed and wild-caught fish, including an assessment of
the safety of consuming Baltic herring (EFSA, 2005a). EFSA reviewed
evidence on the benefits of nutrients, especially omega-3 fatty acids, in
fish; sources of contaminants of concern in seafood; and risks to health
from consuming fish and generated exposure scenarios from data on
consumption of and contaminants in fish. The conclusions and recom-
mendations of EFSA were published as an opinion on the health risks
related to consumption of wild and farmed fish (Source: http://www.efsa.
eu.int/science/contam/contam_opinions/1007_en.html).

The report pointed out that fish obtained from the Baltic Sea are likely
to contain higher levels of contaminants, particularly dioxins and PCBs,
than comparable fish obtained from other sources. For some EU member
countries, i.e., Sweden and Finland, there is specific national advice for con-
sumers, particularly girls (due to childbearing potential), about consuming
Baltic fish that may be contaminated with dioxins and PCBs. Apart from fish
obtained from the Baltic Sea, the EFSA opinion states that there are no con-
sistent differences between wild and farmed fish regarding either safety or
nutritional value, and that consumption of fish, especially fish high in EPA/
DHA, is beneficial to cardiovascular health and to fetal development.

The report noted that fish is a valuable source of many nutrients, includ-
ing protein, iodine, selenium, and vitamins A and D. The EFSA statement
was further qualified, however, with the advice that vulnerable population
groups, such as pregnant women and women of childbearing age, should
consider the nutritional benefits of fish weighed against potential risks from
contaminants in certain types of fish. The EFSA panel also stated that ad-
vice regarding fish consumption should take into account other comparable
sources of contaminants, particularly dioxin-like compounds and PCBs, that
are present in the fatty components of other animal foods. Pregnant women
were advised to consume up to two servings of fish per week as long as cer-
tain types of fish, e.g., long-lived predatory fish such as swordfish and tuna,
were avoided (for additional information see Cossa et al., 1989; Claisse et
al., 2001). Lastly, the EFSA panel recommended development of a consistent
and agreed-upon methodology for carrying out quantitative assessments of
benefits and risks related to food consumption.
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World Health Organization

A Joint WHO/FAO Expert Consultation on Diet, Nutrition and the
Prevention of Chronic Diseases met in Geneva in 2002 to evaluate evidence
for the role of diet in the prevention of nutritional deficiency and chronic
disease. The Joint WHO/FAO committee’s report Diet, Nutrition and the
Prevention of Chronic Diseases recommends a shift in the conceptual
framework for developing health care strategies that would place nutrition,
together with the other principal risk factors for chronic disease, at the fore-
front of public health policies and programs (WHO/FAO, 2003).

The report examined the role of omega-6 and omega-3 fatty acids in
the prevention of chronic disease, including cancer and cardiovascular dis-
ease. Recommendations included that diets should provide a total intake
of omega-6 and omega-3 fatty acids in the range of 6-10 percent of daily
energy (caloric) intake, but an optimal balance would include 5-8 percent of
those percent as n-6 and 1-2 percent as n-3 fatty acids. Omega-3 fatty acids
include o-linolenic (ALA), eicosapentaenoic (EPA), and docosahexaenoic
(DHA). Whereas certain fish are the primary source of EPA and DHA, ALA
is derived primarily from plant sources, e.g., soybean, flaxseed, and walnut
oils. The WHO/FAO (2003) recommendation on the consumption of fish is
that “Regular fish consumption (1-2 servings per week) is protective against
coronary heart disease and ischaemic stroke and is recommended. The
serving should provide an equivalent of 200-500 mg of eicosapentaenoic
and docosahexaenoic acid. People who are vegetarians are recommended to
ensure adequate intake of plant sources of a-linolenic acid.”

THE CHARGE TO THE COMMITTEE

Considering the recommendations and suggestions to increase seafood
intake to promote cardiovascular health, and the somewhat conflicting
messages to avoid certain fish, consumers and health professionals may
feel confused regarding the healthfulness of consuming seafood. For this
reason, the National Marine Fisheries Service (NMFS) of the Department of
Commerce, National Oceanic and Atmospheric Administration (NOAA), in
particular the National Marine Fisheries Science Board, asked the Institute
of Medicine to convene an ad hoc committee to (1) identify and prioritize
the potential for adverse health effects from both naturally occurring and
introduced toxicants in seafood, (2) assess evidence on availability of spe-
cific nutrients in seafood compared to other food sources, (3) determine the
impact of modifying food choices to reduce intake of naturally occurring
and introduced toxicants on nutrient intake and nutritional status within
the US population, (4) develop a decision path, appropriate to the needs
of US consumers, for selecting seafood to balance their choices to obtain
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nutritional benefits against exposure risks, and (5) identify data gaps and
recommend future research.

Many of the contaminants that are present in seafood and have a role
in influencing selections to balance benefits and risks are introduced, and
thus may be controlled. For this reason, an examination of the sources of
toxicants and the pathways by which they enter and bioaccumulate in the
seafood supply is important. However, the committee was not asked to
make recommendations to mitigate contaminant sources in seafood.

Approach to the Task

Following a request by NOAA to the National Academies, an expert
committee was appointed to review evidence on ways for the US consumer
to balance the benefits of seafood consumption against potential risks from
exposure to contaminants they may contain, and to recommend ways to
guide US consumers in making selections appropriate to their needs. The
committee approached its task by gathering information from existing
literature and from workshop presentations by recognized experts (see
Appendix D for workshop agendas), consulting with experts in relevant
fields, performing analyses on data collected in the most recent National
Health and Nutrition Examination Survey (NHANES), deliberating on is-
sues relevant to the task, and formulating an approach to address the scope
of work.

ORGANIZATION OF THE REPORT

This report is organized into seven chapters that describe what is
known about the benefits associated with nutrients in seafood, particularly
omega-3 fatty acids; risks associated with contaminants found in seafood;
and ways to balance benefits and risks and guide consumers in making
selections appropriate to their needs. Chapter 2 provides information on
seafood consumption patterns, and nutrients and contaminants in seafood.
Chapter 3 provides in-depth evaluation of the literature on benefits of con-
suming seafood, particularly omega-3 fatty acids, and the impact of seafood
consumption on health outcomes. Chapter 4 reviews risks associated with
introduced and naturally occurring contaminants in seafood and potential
health outcomes from exposure. Chapter 5 discusses the scientific assess-
ment and analysis of risks and benefits from seafood consumption and ways
that benefits and risks could vary depending on the type of fish consumed.
Chapter 6 discusses consumer decision-making and the current consumer
information environment and Chapter 7 discusses approaches to designing
consumer information and supporting seafood consumption decisions.
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Consumption Patterns and
Composition of Seafood

trends over time, major types of seafood, and current intake among the

general population and various subgroups. This is followed by a discus-
sion of future trends in seafood supplies that may have an impact on seafood
selections. The discussion then reviews information on the consumption and
sources of nutrients, particularly the omega-3 fatty acids eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), because seafood is their pri-
mary source in the US diet. Finally, the overall nutrient profiles of seafood
are compared to those of other foods in the diet.

This chapter provides a discussion of seafood consumption in terms of

SEAFOOD CONSUMPTION

Trends over Time

Trends in seafood consumption can be tracked using national food
supply data. These data are especially useful because the methodology
for collecting and analyzing them has remained consistent for nearly 100
years. Per capita seafood consumption is calculated by the National Marine
Fisheries Service (NMFS) of the Department of Commerce using a disap-
pearance model. This model estimates, on an annual basis, the total US
supply of imported and landed seafood converted to raw edible weight,
minus exports and other decreases in supply. The edible supply determined
by this method is then divided by the total population to estimate per capita
consumption (Source: http://www.nmfs.noaa.gov). The estimate can be
considered an upper bound of seafood consumption, because some amount

30
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FIGURE 2-1 Trends in US consumption of total fishery products, by type (boneless,
trimmed [edible] weight), in pounds per capita per year, 1909-2003. Figures are
calculated on the basis of edible raw meat. Excludes edible offal, bones, and viscera
for fishery products. Excludes game consumption for fishery product. Calculated
from data not rounded.

SOURCE: ERS, 2004.

of the product is wasted at the household level. As shown in Figure 2-1,
seafood consumption has increased since 1909, with notable exceptions dur-
ing the Depression and the Second World War. In 2003, per capita seafood
consumption was 16.3 pounds per person (Source: http://www.ers.usda.
gov/data/foodconsumption/spreadsheet.mtfish.xls). As can be seen from
Figure 2-1, the increase in seafood consumption results from an increase
in consumption of fresh and frozen forms rather than canned and cured
seafood.

Major Types of Seafood

There are several ways to consider the major types of seafood con-
sumed, as shown in Tables 2-1 through 2-3. NMFS data are useful for
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TABLE 2-1 NMEFS Disappearance Data Ranked by Seafood Type for
2004 and 1994

2004 1994
Estimated Per Capita Estimated Per Capita

Rank  Fish Consumption (pounds)  Fish Consumption (pounds)

1 Shrimp 4.2 Canned tuna 3.3

2 Canned tuna 3.3 Shrimp 2.5

3 Salmon 2.2 Pollock 1.5

4 Pollock 1.3 Salmon 1.1

N Catfish 1.1 Cod 0.9

6 Tilapia 0.7 Catfish 0.9

7 Crab 0.6 Clams 0.5

8 Cod 0.6 Flatfish 0.4

9 Clams 0.5 Crab 0.3
10 Flatfish? 0.3 Scallops 0.3

NOTES: The figures are calculated on the basis of raw, edible meat, that is, excluding such
offals as bones, viscera, and shells. Excludes game fish consumption.
Includes flounder and sole.

SOURCE: NFI, 2005.

examining the top species entering retail distribution channels in a given
year. Table 2-1 shows estimated US per capita consumption calculated from
disappearance data by type of seafood for 1994 and 2004. Over this decade,
shrimp and tuna remained the most frequently consumed seafood; the top

TABLE 2-2 Percentage of Persons (Aged 2 and Older)
Reporting Having Eaten Different Types of Seafood in
Last 30 Days, 1999-2000

Rank Seafood Type Percent Consuming
1 Shrimp 84.6
2 Tuna 49.1
3 Crab 25.3
4 Breaded fish? 23.6
5 Salmon 20.2
6 Clams 15.2
7 Catfish 14.9
8 Scallops 13.2
9 Lobster 12.3

10 Opysters 10.1

7Breaded fish, although not identified by type, is commonly
pollock, which explains its high ranking among the top 10 seafoods
consumed.

SOURCE: CDC/NCHS, 1999/2000.
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TABLE 2-3 Proportion of Total Seafood Consumed on
a Given Day, for Various Types of Seafood, 1999-2000

Rank Seafood Type Percent Consumed
1 Tuna 22.1
2 Shrimp 16.1
3 Salmon 8.9
4 Mix of fish 8.1
5 Crab 7.5
6 Cod S.1
7 Flounder 4.5
8 Catfish 4.2
9 Don’t know type 3.4

10 Clams 2.4

SOURCE: DGAC, 2005.

ten seafood types were consistent, except that tilapia replaced scallops. The
data represented in Table 2-1 does not take into account possible regional
differences in seafood consumption. Rupp et al. (1980) reported that most
regional differences in seafood consumption were attributable to freshwater
and shellfish. Generally, consumption of freshwater species was greater in
inland compared to coastal regions. Miller and Nash (1971) reported that
overall shellfish consumption was greater in coastal regions, but the spe-
cies consumed varied between northern and southern coastal areas, e.g.,
consumption of clams was greater in New England whereas consumption
of oysters was greater in South Atlantic and Pacific states.

Another way of considering the top seafood is to compare the percent-
age of the population having eaten different types of seafood. In 1999-2000,
the National Health and Nutrition Examination Survey (NHANES) que-
ried respondents about their frequency of consumption of various seafood
types in the previous 30 days. Table 2-2 provides a ranking of these by the
percentage reporting consumption at least once. Consistent with the NMFS
data, shrimp and tuna are the types consumed by the largest percentage of
respondents, and crab, salmon, clams, catfish, scallops, and cod are included
among the top choices. “Breaded fish” is not identified by type, and could
represent some double-counting with other types, but is of interest for its
relatively high use and caloric density.

Finally, another indication of the top types of seafood can be gleaned
from the 1999-2000 NHANES 24-hour recalls of dietary intake. While
respondents report seafood consumption in various ways—consumed with
or without other ingredients added—the seafood portion alone can be
examined by disaggregating all the ingredients using the US Department
of Agriculture’s (USDA) FoodLink database. Table 2-3 provides the major
types of seafood consumed in the United States, using food intake data from
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all respondents aged 2 years and over. The types of seafood accounting for
the greatest proportion consumed on a given day were tuna, about 22 per-
cent; shrimp, about 16 percent; salmon, about 9 percent; mixed fish, about
8 percent; and crab, about 7 percent (DGAC, 2005).

The congruence of disappearance and consumption data on the types
of seafood consumed in the diet of the US population provides a solid basis
from which to make recommendations for consumer choices. Notably, the
four fish (shark, swordfish, king mackerel, and tilefish) identified in federal
advisories (US EPA/FDA, 2004) as those which pregnant women should
avoid eating are not among those that are widely consumed by the general
population.

It should also be noted that tuna consumption shown on Tables 2-1 to
2-3 represents an aggregate of both “light” and “white” tuna. According
to the USDA, approximately 75 percent of tuna consumed is light and 25
percent is white (DGAC, 2005). Substantial differences exist between light
and white tuna, in both fatty acid composition and potential toxicants (see
Box 2-1). The significance of this aggregation will become evident in the
following discussions.

Current Seafood Intake by the General Population

Food intake data obtained using 24-hour recalls from a representative
sample are generally considered the best source of point estimate consump-
tion data for a population. As shown in Table 2-4, about 16 percent of
individuals consume some seafood on a given day, with the average quantity
consumed being 89 grams (g) or approximately 3 ounces. These are quan-
tities reported as eaten, so they generally represent cooked weights. Adult
males and pregnant/lactating women whose intake was at or above the 95th
percentile of quantities consumed reported intakes exceeding 280 g or about
10 ounces for days they consumed seafood.

The percentage of individuals consuming seafood varies among age
groups, with children and adolescents being least, and those aged 40 to 59
years most, likely to consume seafood on a given day. Within each age cat-
egory, there is little difference between the percentage of males and females
consuming seafood. If the entire population consumed two 3-ounce servings
(4 ounces raw) per week, the average quantity consumed per person per
day would be expected to be 24 g per day (28 g per ounce x 6 ounces per
week/7 days per week). Table 2-4 shows that no groups averaged this level
of intake, and few groups even came close. These data suggest that seafood
consumption for most individuals in the population is below targeted intake
levels. Further, the committee recognizes that because of limitations in the
supply of available seafood along with reported seafood consumption pat-
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BOX 2-1
Tuna: White vs. Light

Tuna is the most popular fish used for canning and is the second most con-
sumed type of seafood in the United States. Japan and the United States
consume 36 and 31 percent, respectively, of the global tuna catch.

Tuna is a predatory fish that, if consumed in large quantities, may contain
levels of methylmercury that exceed recommended safe levels. Although
many different tuna species are fished, the most popular commercial va-
rieties are described below.

White Tuna

Albacore—high in fat and rich in EPA/DHA; it has the whitest flesh and
is typically referred to as white tuna; it is eaten both canned and fresh.
Albacore generally contains more methylmercury than other types of tuna
and may also contain more lipophilic compounds.

Northern Bluefin—high in fat and EPA/DHA; it is a slow-growing and thus
rarer species than albacore and has a very high-quality meat; its major
market is Japan, where it is used for sashimi.

Southern Bluefin—stocks are in decline and thus it is harder to obtain than
other tunas. It is the most expensive fresh tuna.

Light Tuna

Skipjack—leaner than albacore tuna; it is the most commonly used tuna
for canning.

Yellowfin—larger and leaner than albacore; it has pale pink flesh and is
the second most popular species of tuna used in canning.
Bigeye—similar to yellowfin; it has a milder flavor than skipjack or yellowfin
and is frequently used in canning.

Most canned tuna sold in the United States is available as “solid,” also
called “fancy” (a solid piece of loin, cut to fit the can); or “chunk” (a mixture
of cut pieces). Canned tuna comes packed in either oil or water and is
labeled either “white” or “light” Chunk light tuna packed in water is the
most popular form of canned tuna sold in the United States. The source
for most of this tuna is skipjack, although individual cans may contain more
than one species of tuna. Albacore or “white” tuna is almost always packed
in water in solid form.

NOTES: A standard of identity is used to define the species of fish that may be
canned under the name “tuna” (21 CFR 161.190[a]). There is also a standard for
fill-of-container of canned tuna (21 CFR 161.190[c]). These standards provide for
various styles of pack, including solid pack, chunk or chunk style, flakes, and grated
tuna. Provision is also made for type of packing media (water or oil), certain speci-
fied seasonings and flavorings, color designations, and methods for determining
fill-of-containers (Source: http://www.cfsan.fda.gov/~dms/qa-ind4g.html).

SOURCE: Derived from US Tuna Foundation (http://www.tunafacts.org/abouttuna/
index.html).
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TABLE 2-4 Total Seafood: Percentage of Persons Using Food and
Quantities Consumed in a Day

Age (years) and Sex

All
Individuals -3 o-11 12-19
Aged 2 and Males and Males and
Statistic Over Females Females Males Females
Number in sample 17,107 1521 2098 2244 2261
Percent of persons using 15.9 10.2 9.9 79 112
in 1 day
Quantity consumed in
1 day, by users
(1 ounce = 28 g)
Mean 89.2 49.6 58.5 774 62.2
SEM 2.6 4.7 4.4 7.2 6.2
Sth percentile 0.2 5.4 0.1 0.4 0.1
10th percentile 7.0 7.0 6.1 12.3 0.1
25th percentile 27.9 14.8 23.7 24.7 138
50th percentile 60.8 37.3 47.4 56.2 394
75th percentile 114.2 65.4 84.4 102.3  89.8
90th percentile 192.7 108.1 111.6 170.7 151.8
95th percentile 267.1 149.9 153.5 227.5 201.2
Average quantity
consumed per person
per day
Mean 14.2 5.0 5.8 6.1 6.9
SEM 0.7 0.7 0.8 0.8 0.8

9Indicates a statistic that is potentially unreliable because of small sample size or large
coefficient of variation (CVs have yet to be determined).

bIndicates a percentage that is greater than 0 but less than 0.05 or a mean, SEM, or percentile
that is greater than 0 but less that 0.5.

SOURCE: CDC/NCHS, 1999-2002.

terns for most Americans, it is unlikely that targeted intake levels will be
achieved on a population-wide scale.

Figure 2-2 provides an indication of where people are most likely to
consume seafood. According to data from the 1999-2000 NHANES, about
58 percent of seafood is consumed at home or in someone else’s home,
25 percent is consumed in a restaurant, and 8 percent at work or school.
Only about 4 percent is consumed at a fast-food restaurant, though some
at-home consumption could include seafood brought into the house from
a fast-food outlet.
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20-39 40-59 60 and older Pregnant/ Females,
Lactating Age 15

Males Females Males Females Males Females Women to 45
1372 1844 1345 1361 1512 1549 709 3658
16.6 17.2 19.3 19.4 17.8 18.2 19.3 16.4
110.7 83.3 112.3 82.1 101.8 76.7 97.7 81.9
7.4 6.4 7.8 6.4 7.5 5.2 15.7 5.8
3.1 0.1 4.6 0.1 2.8 3.6 0.1 0.1
8.5 4.9 16.8 1.5 16.8 11.3 0.1 3.6
29.6 269 494 279 41.9 25.6 37.3 24.5
72.8 58.5 90.0 55.8 83.4 56.2 60.8 55.8
151.1 95.6 137.3 118.7 118.2 105.2 119.7 98.6
257.7 172.5 237.2 178.5 220.6 166.0 268.6 174.2
292.6 268.6 2949 252.8 3529 1922 306.9 262.5
18.4 14.3 21.6 15.9 18.1 14.0 18.8 13.4
1.6 1.6 1.7 1.9 1.8 0.9 3.4 1.4

Current Seafood Intake by Population Subgroups

Results from several studies indicate differences in seafood consumption
among specific ethnic groups (Burger et al., 1999; Burger, 2002; Sechena et
al., 2003; Sharma et al., 2003, 2004; Arnold and Middaugh, 2004; Ballew
et al., 2004). Some of these population groups may have higher exposure
to contaminants as a result of their seafood consumption practices. For
example, they may consume more fish, compared to the general popula-
tion, from waters in locations known to be contaminated. While data from
studies of consumption practices are not directly comparable because of
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(] Home/someone else’s
home

Restaurant
M Fast food?
58% B Work/school®
[ Self-serve buffet/cafeteria
] Other

25%

FIGURE 2-2 Distribution of seafood consumption by place it was consumed.
9Includes food eaten at takeout restaurant, in store, and in car.

bIncludes food eaten by children in day care.

SOURCE: CDC/NCHS, 1999/2000.

methodological and reporting differences, they are useful for gleaning some
insights into differences in consumption among different groups.

Multiethnic Cohort Study

The Multiethnic Cohort (MEC) Study is a large, population-based
study designed to assess variations in specific rates of cancer occurrence
among various ethnic groups and to characterize both environmental and
genetic factors contributing to cancer incidence. Conducted between 1993
and 1996, the study collected comprehensive lifestyle and dietary data on
the cohort (Sharma et al., 2003, 2004). The cohort reflected a range of
educational levels, although cohort members were more educated than the
general population.

Study participants in Hawaii and Los Angeles, California, included
population samples from five self-identified ethnic groups—African Ameri-
cans, Latinos, Japanese Americans, Native Hawaiians, and Whites—aged
45 to 75 years, who completed a mailed self-administered quantitative Food
Frequency Questionnaire (FFQ) that was developed specifically for the study
population (Sharma et al., 2004). The study objectives included providing
prospective data on exposures and biomarkers thought to alter cancer risk;
data collected from the questionnaires included information on dietary and
other lifestyle and health practices (Kolonel et al., 2004). Table 2-5 shows
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TABLE 2-5 Mean Seafood Intake Consumed Per Week Among Various
Ethnic Groups, in the Multiethnic Cohort Study (1993-1996)

Mean + SD?4, Amount
Ethnic Group Consumed Per Week (ounces)

African Americans

Men (n=11,772) 4.9+4.9

Women (n=20,130) 4.2+4.2
Latinos, born in Mexico, South or Central America

Men (n=10,180) 4.945.6

Women (n=10,903) 3.5+4.9
Latinos, born in United States

Men (n=10,613) 3.5t4.2

Women (n=11,255) 2.8%£3.5
Japanese Americans

Men (n=25,893) 7.0+6.3

Women (n=28,355) 5.6+4.9
Native Hawaiians

Men (n=5979) 9.149.1

Women (n=7650) 7.7£7.7
Whites

Men (n=21,933) 4.9+4.9

Women (n=25,303) 3.5+3.5

NOTE: The daily amounts reported in the study were converted to weekly amounts for this
table.

aSD = Standard Deviation.

SOURCES: Derived from Sharma et al., 2003, 2004.

information collected from the MEC study on consumption of seafood by
specific ethnic groups. The study reported food intakes in terms of ounces
of lean meat equivalents, which for seafood can generally be thought of as
ounces of cooked seafood consumed. The daily amounts reported in the
study were converted to weekly amounts for Table 2-5. While these data
are not representative of every ethnic group in the United States, and there
is large variation in intakes among all groups; the means suggest there may
be higher intakes among Native Hawaiians and Japanese Americans than
among African Americans, Latinos, and Whites.

Asian American Populations

Among Asian American and Pacific Island members of the population in
the contiguous United States, seafood consumption is an important aspect
of cultural behavior. Self-harvesting and consuming seafood are seen as
healthy activities that echo a culturally familiar lifestyle, but may also be
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an economic necessity. Asian American and Pacific Island groups consume
greater amounts, different types, and different parts of seafood than the
general population (Sechena et al., 2003).

A large population of Laotian immigrants (Hmong) who settled in
Wisconsin have been studied to determine how their fishing and sea-
food consumption habits differ from those of the general US population.
Hutchison and Kraft (1994) found that individuals in Hmong households
in Green Bay, Wisconsin, consumed an average of 30 fish meals per year
compared to 18 fish meals per year consumed by Wisconsin anglers in the
general population. About one-third of the fish caught were reported to
come from lakes where fishing advisories warned against eating locally
caught fish, suggesting that this group is at greater risk from exposure to
contaminants in fish than the general population.

Some members of the Asian American population have undergone ac-
culturation resulting in food choices that are more similar to those of the
general US population than population groups from their country of origin
(Kudo et al., 2000; Kim and Chan, 2004). Kudo et al. (2000) studied the eat-
ing patterns of Japanese immigrants and their US-born descendants. Their
findings show dietary changes among succeeding generations of Japanese
American females, and suggest that acculturation-related changes may con-
tribute to decreased intake of many traditional foods, including fish.

American Indian/Alaskan Native and First Nations Populations

Many indigenous peoples, particularly those who live in Alaska and
northern Canada, maintain a subsistence life-style and diet. The dietary
practices of these populations are an important part of their self-definition,
culture, health, and well-being, as well as a part of the socioeconomic struc-
ture of their communities.

A survey of coastal First Nations communities in British Columbia indi-
cated that, although traditional dietary patterns have changed considerably
since the introduction of Europeans to the Americas, seafood and other
marine food sources remain an important part of the culture and nutritional
resources of this population group (Mos et al., 2004). The survey showed
that fishing and gathering of seafood was practiced regularly among 46
percent of respondents and that traditional methods were used 94 percent
of the time. Among the types of seafood consumed by First Nations com-
munities, salmon was the most popular; 95 percent of respondents reported
consuming salmon each year and an average of 42 percent of all seafood
meals consisted of salmon.

Availability of data on seafood consumption practices among Alas-
kan Natives and other Northern Dwellers is limited. Further, traditional
foods that are consumed in Alaska vary by region, local preference, and
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seasonal availability. The range of traditional foods available includes fish,
marine mammals, shellfish, ascidians (sea squirts), sea cucumbers, and sea-
weed. Also included are nonmarine game meats, berries, and edible plants
(Kuhnlein et al., 2000). Specific examples of wild-caught foods commonly
consumed by Northern Dwellers include caribou meat, arctic char, Beluga
(whale), muktuk, geese, whitefish, and trout (see Glossary for definitions)
(Kuhnlein et al., 2000).

Muckle et al. (2001) reported that among Inuit women of childbearing
age, about 80 percent consumed fish at least once per week and the aver-
age frequency of consumption of fish meals was 3.3 times per week. This
population also consumed traditional products including beluga whale fat,
muktuk, and seal fat, meat, and liver; their consumption of these foods
increased during pregnancy.

Kuhnlein et al. (2004) report that since the introduction of nonnative
foods to the Canadian Arctic at the turn of the 20th century, the use of na-
tive (traditional) foods has declined such that, among adults, only 10-36
percent of dietary energy is derived from traditional foods. Additionally,
Receveur et al. (1997) found that traditional food consumption among
Dene/Métis communities was associated with greater intake of iron, zinc,
and potassium, and lower intake of sodium, fat, saturated fat, and sugar.
Considered in conjunction with the cultural integration and importance
of dietary traditions, advice to indigenous peoples to change their long-
standing dietary patterns in order to reduce exposure to contaminants may
not only not be beneficial, but could have deleterious health effects (Marien
and Patrick, 2001).

Sport and Subsistence Fishers

The number of subsistence fishers in the United States and the amount
of seafood they consume is difficult to estimate due to the challenge of iden-
tifying members of this population and a lack of data collected on them. By
and large, individuals who engage in sport and subsistence fishing tend to
consume more fish than the general population (Burger, 2002). Among an-
glers (those who crab and/or fish) in the Newark Bay Complex area of New
Jersey, Blacks and Hispanics ate more fish than Whites or Asians (Burger,
2002). Similarly, Burger et al. (1999) noted that Blacks living along the Sa-
vannah River in South Carolina consumed both larger portions of seafood
as well as higher total amounts compared to Whites. In that study, levels of
intake were also related to education: those who did not graduate from high
school ate seafood more often, consumed more total seafood, and consumed
more intact fish than those with at least a high school degree.

While Alaskan Natives fish for sustenance (Ballew et al., 2004), oth-
ers, e.g., the Newark Bay Complex group (Burger, 2002), angled primarily
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for recreation, relaxation, and communing with nature, and more than 30
percent did not eat the crab or fish they caught. Thus, quantities obtained
from fishing do not provide an accurate indicator of consumption.

FUTURE SEAFOOD SUPPLIES

Changes in Supply and Demand

The nation’s seafood supply is changing in ways that are likely to have
a significant impact on consumer choice in the future. Changes in amounts,
types, sources, and cost of seafood are predicted to continue in the next
decades due largely to increasing demand. Over the past two decades the
US population has grown by about 20 percent, and consumer demand for
seafood fluctuated between about 14.5 and 16.5 pounds per person (see
Figure 2-1). As mentioned previously, per capita seafood consumption was
16.6 pounds in 2004 (NMFS, 2005a), which represents almost 4.7 billion
pounds of seafood.

The demand for seafood in the United States now exceeds domestic sup-
plies, and fulfilling that demand requires more dependence on international
sources. Seafood on the international market currently accounts for over
75 percent of the world marine fisheries’ catch, and a trend of increasing
consumption is expected to continue (Watson and Pauly, 2001). The world
production of edible fishery products, defined as both captured and farmed
fish, reached a total of 103 million metric tons in 2003, which provided an
estimated annual per capita supply of 16.3 kilograms or 35.9 pounds (live-
weight equivalents) (FAO, 2004). Predictions about future world seafood
supplies suggest that, at current rates of consumption, the world seafood
supply will not keep pace with demand. The deficit is forecast to be 9.4
million metric tons by 2010, increasing to 10.9 million tons by 2015 (FAO,
2004). Although a recommendation to consume two 3-ounce servings of
seafood per week may be beneficial to consumers (discussed in Chapter 3),
if the entire population increased current consumption to meet this proposed
consumption level, the supply of seafood would likely not be able to support
the increased demand.

Impact of Aquaculiture on Seafood Supplies

Aquaculture is one alternative that may contribute to closing the gap
between diminishing seafood supplies and increasing demand. World pro-
duction of seafood from farms or aquaculture operations is growing more
rapidly than production of all other food-producing animals in the world
(FAO, 2004). Between 1970 and 2002, the percentage of total seafood prod-
uct weight provided by aquaculture production increased from 3.9 to almost
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30 percent (FAQO, 2004). This represents an increase of approximately one
percent per year; however, that rate cannot keep pace with anticipated in-
creases in seafood demand. Furthermore, the total aquaculture production
figures can be deceiving in that the major portion of world aquaculture
production involves freshwater species, e.g., carp (FAO, 2004). This fish is
not a common consumer selection in most developed nations, particularly
the United States.

The top ten seafood types consumed in the United States (shown in Ta-
ble 2-1) are marine (or saltwater) species, although not all are wild-caught.
Current seafood consumption patterns are beginning to lead to reductions
in supply for some species that will influence future availability and price.
For example, flatfish (e.g., flounder, sole, and halibut), among the top ten
types of seafood consumed in 1990, are less prevalent today.

Aquacultured seafood (e.g., salmon, catfish, and shrimp) is now sup-
plementing the supply for some of these seafood choices of long-standing
popularity. The recent increase in per capita consumption of shrimp over
tuna was in part due to the increasing supply and lower price resulting from
aquaculture. Aquaculture has also contributed to the 100-fold increase in
salmon consumption and introduced a new selection, tilapia, to the top ten
per capita seafood consumed in 2004.

An emerging concern about aquaculture is that it is largely used for
production of carnivorous species such as salmon, and the feed used is based
on fish meal. The source of fish meal is considered an industrial product
(wild-caught fish that is not used for human consumption) obtained from
capture fisheries (FAO, 2002). Pound for pound, however, the amount of
wild-caught fish needed to produce fish meal exceeds by more than two
times the amount of fish produced by aquaculture for human consumption

(Naylor et al., 2000).

Future Trends

Future trends in availability for the most popular seafood consumed
in the United States can be estimated from comparisons of annual produc-
tion over the past 10 years (Table 2-6). These estimates are based on total
reported catch from 1995 through predictions for 2005.

While the NMFS and the eight regional Fishery Management Councils
report that 2004 assessments of domestic stocks indicated that fishery man-
agement strategies have resulted in increases in some stocks to a sustainable
yield, most of the top ten seafood choices were not among them (NMFS,
2005b). Limited availability of these popular seafood types may translate
into more resource competition and higher prices.

The additional competition of recreational fishing has a further impact
on seafood supplies. Coleman et al. (2004) concluded that the less-regulated
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TABLE 2-6 General Trends and Predictions for the Supply and Sources
of Popular Fish Consumed in the United States from 1995 through 2005

Supply Domestic Supply Imported Supply

Seafood Type Trend Catch Farmed Catch Farmed
Salmon Increasing® Limited Limited Increasing Increasing
Tilapia Increasing Limited Increasing Limited Increasing
Catfish® Increasing Limited Limited Increasing Increasing
Cod Limited/ Limited N/A Limited Increasing
Flatfish/Soles? Limited Limited N/A Limited Increasing
Tuna® Limited Limited N/A Limited N/A
Haddock Limited Limited N/A N/A N/A
Halibut Limited Limited N/A N/A N/A

O. perch Limited Limited N/A Limited N/A
Pollock Limited Limited N/A Limited N/A

O. roughy Declining/ N/As N/A Limited N/A
Rockfishes Declining Declining N/A N/A N/A

K. mackereld Limited Limited N/A N/A N/A
Swordfish? Limited Limited N/A Limited N/A
Tilefishd Declining Declining N/A N/A N/A
Sharks? Limited Limited N/A Declining N/A

NOTE: The listings include some of, but are not limited to, the most popular fish relative to
consumption totals based on annual fishery reports and other sources.

aCatfish can include domestic cultured varieties as well as imported varieties.

bFlatfish can include flounders and sole.

“Tuna includes all major commercial species; tuna is also “farmed” in some countries
through the capture of smaller fish, which are fed in pens.

4The four fish targeted by the FDA/US EPA advisory on methylmercury (FDA/US EPA,
2004).

¢Increasing = More annual supply can be available than is currently produced either from
underfished resources and/or aquaculture (existing or emerging).

Supply is described as either limited or declining due to overfishing (the domestic resources
are near or exceed steady state annual yield as estimated by NMFS [2005]).

&N/A = The resource is not available in the respective situation or data is not available per
the listing.

SOURCES: FAO, 2004; NMEFS, 2005a,b; SAFMC, 2005; Personal communication, W. Swingle,
Gulf of Mexico Fishery Management Council, January 2006; Personal communication, G.
Waugh, Deputy Executive Director, South Atlantic Fishery Management Council, January
10, 2006.

recreational fishery is exerting a large impact on certain popular seafood
selections. They reported that in 2002, the recreational catch of fish “popu-
lations of concern” (i.e., popular types that were at risk for overfishing) ac-
counted for 64, 38, 59, and 12 percent of the catch in the Gulf of Mexico,
South Atlantic, Pacific, and Northeastern coastal waters, respectively. Some
of these recreationally caught and consumed types, e.g., king mackerel,
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have been identified in advisories as fish that pregnant women should not
consume. In the Gulf of Mexico, the regional fishery management plans
allocate 68 percent of the king mackerel harvest to recreational fishermen
(GMFMC, 2006).

Table 2-6 shows that several popular species are overfished and supplies
are declining. Among capture fisheries worldwide, 28 percent of fish stocks
have been estimated to be depleted or overexploited (FAO, 2002). In the
United States, over 18 percent of the 236 fish stocks or stock complexes with
known overfishing status have a mortality rate that exceeds the overfishing
threshold (i.e., subject to overfishing) (NMFS, 2005b). Supply predictions
for shark (Baum et al., 2003), tilefish, king mackerel, and swordfish (iden-
tified in the joint FDA/US EPA methylmercury advisory) suggest that they
will likely decrease. In addition, changes in the supply of other wild-caught
seafood will also influence seafood selections for all segments of the popula-
tion in the future.

NUTRIENT PROFILES OF SEAFOOD COMPARED TO OTHER
FOODS IN THE DIET

Foods with similar nutrient profiles are often grouped together for
the purpose of making dietary recommendations. Seafood is grouped with
meats, poultry, eggs, nuts, legumes, and seeds as major contributors (supply-
ing >50 percent) of protein, niacin, zinc, and vitamin B6 to the diet. These
foods are also substantial contributors (supplying >10 percent) of vitamins
E and B12, thiamin, riboflavin, phosphorus, magnesium, iron, copper,
potassium, and linoleic acid. Among these foods, however, higher levels of
selenium and the omega-3 fatty acids EPA and DHA and generally lower
levels of saturated fats are unique to seafood. Although EPA and DHA are
found in other protein-rich foods (i.e., poultry and eggs), fish that are high
in EPA/DHA (e.g., salmon, lake trout, and white [albacore] tuna) have the
highest concentration per serving among food sources. Table 2-7 provides a
comparison of the availability of some macro- and micronutrients, including
the omega-3 fatty acids EPA (20:5 n-3) and DHA (22:6 n-3) in three types
of seafood, as well as chicken, beef, and eggs, and the alpha-linolenic acid
(ALA; 18:3 n-3) in walnuts.

EPA and DHA

An important reason for choosing seafood over other protein food
sources is that it is a primary source of the omega-3 fatty acids EPA and
DHA. The benefits of these two fatty acids are described in detail in Chapter
3. The following discussion provides information about sources and con-
sumption patterns of EPA/DHA.
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TABLE 2-7 Nutrients in Selected Seafoods and Other Comparable Foods

Content per 100 g

Energy  Protein  Total

Food (kcal) (g) Fat (g)
FISH

Tuna, canned, light, packed in water 116 25.51 0.82
Tuna, canned, white, packed in water 128 23.62 2.97
Shrimp, mixed species, cooked, moist heat 99 20.91 1.08
Salmon, Atlantic, farmed, cooked, dry heat 206 22.10 12.35
Pollock, Atlantic, cooked, dry heat 118 24.92 1.26
Catfish, channel, farmed, cooked, dry heat 152 18.72 8.02
Cod, Atlantic, cooked, dry heat 105 22.83 0.86
Crab, blue, cooked, moist heat 102 20.20 1.77
Halibut, Atlantic and Pacific, cooked, dry heat 140 26.69 2.94
BEEF

Ground beef, 80% lean, patty, cooked, broiled 271 25.75 17.82
Eye of round roast, all grades, trimmed to 1/8” fat, cooked 208 28.31 9.65
Top sirloin, all grades, trimmed to 1/8” fat, cooked, broiled 243 26.96 14.23
PORK

Cured ham, boneless, regular, roasted 178 22.62 9.02
Pork loin, center rib, boneless, cooked, roasted 252 26.99 15.15
Ground fresh pork, cooked 297 25.69 20.77
POULTRY

Chicken breast, meat and skin, cooked, roasted? 197 29.80 7.78
Chicken breast, meat only, cooked, roasted® 165 31.02 3.57
Turkey, meat and skin, cooked, roasted 208 28.10 9.73
Turkey, ground, cooked 235 27.36 13.15
SAUSAGES AND LUNCHEON MEATS

Frankfurter, meat 290 10.26 25.76
Frankfurter, beef 330 11.24 29.57
Turkey roll, light meat 147 18.70 7.22
Bologna, beef and pork 308 15.20 24.59
OTHER

Egg, poached® 147 12.53 9.90
Egg, omega“ 125 10.00 10.00
Walnuts, English 654 15.23 65.21
Seeds, flaxseed 534 18.29 42.16

aTotal 18:3 fatty acid.

YEPA/DHA levels in chicken and egg are based on existing published data; changes in the
use of fishmeal in feed sources may impact levels detected in the future.

“Derived from Sindelar et al., 2004.

—No data available.

SOURCE: USDA National Nutrient Database for Standard Reference, Release 18 (unless
otherwise specified).
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SFA EPA DHA ALA Ca Fe Zn Se B-6
(g) (g) (g) (g) (mg) (mg) (mg) (ng) (mg)
0.234 0.047 0.223 0.002¢ 11 1.53 0.77 80.4 0.350
0.792 0.233 0.629 0.0714 14 0.97 0.48 65.7 0.217
0.289 0.171 0.144 0.012¢ 39 3.09 1.56 39.6 0.127
2.504 0.690 1.457 0.113¢ 15 0.34 0.43 41.4 0.647
0.170 0.091 0.451 — 77 0.59 0.60 46.8 0.331
1.789 0.049 0.128 0.082¢ 9 0.82 1.05 14.5 0.163
0.168 0.004 0.154 0.001¢ 14 0.49 0.58 37.6 0.283
0.228 0.243 0.231 0.021¢ 104 0.91 4.22 40.2 0.180
0.417 0.091 0.374 0.083¢ 60 1.07 0.53 46.8 0.397
6.766 — — 0.050 24 2.48 6.25 21.5 0.367
3.664 — — 0.0934 7 2.29 4.70 28.7 0.372
5.603 — — 0.127¢ 20 1.73 4.87 29.2 0.564
3.120 — — 0.240¢ 8 1.34 2.47 19.8 0.310
5.350 — — 0.030° 6 0.93 2.64 40.3 0.363
7.720 — — 0.070¢ 22 1.29 3.21 35.4 0.391
2.190 0.010 0.030 0.060¢ 14 1.07 1.02 24.7 0.560
1.010 0.010 0.020 0.030¢ 15 1.04 1.00 27.6 0.600
2.840 — 0.040 0.110° 26 1.79 2.96 32.9 0.410
3.390 — 0.030 0.150¢ 25 1.93 2.86 37.2 0.390
7.667  — — 0.146% 99 1.09 1.20 12.5 0.166
11.688 — — 0.176* 14 1.51 2.46 8.2 0.089
2.020 — 0.020 0.090¢ 40 1.28 1.56 22.3 0.320
9.301 — — 0.055¢ 85 1.21 2.30 24.6 0.297
3.087 0.004 0.037 0.033¢ 53 1.83 1.10 31.6 0.142
2.500 — 0.170 0.420 — — — — —
6.126 — — 9.080¢ 98 2.91 3.09 4.9 0.537
3.663 — — 22.8137 255 5.73 4.34 25.4 0.473
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Sources of EPA and DHA

Seafood is the primary source for EPA and DHA in human diets. Es-
timated amounts of EPA and DHA in the top seafood types consumed are
shown in Table 2-8. The figures suggest that, other than salmon, the most
frequently consumed types of fish are not particularly rich sources of these
fatty acids.

The fatty acid concentration of farmed fish reflects the composition of
the diets they are fed (Bell et al., 2003). Fish, like mammals, have a limited
ability to deposit EPA and DHA in their tissues even when they are fed diets
high in ALA (Tocher et al., 2003). Thus, farmed salmon need to be fed a
source of EPA and DHA (e.g., fish oil) to have a fatty acid profile similar to
that of wild salmon. Feeding diets that are high in fish oil for a period prior
to harvest elevates levels of EPA and DHA in farmed salmon previously fed
vegetable oils during part of their growing period (Bell et al., 2003).

TABLE 2-8 Mean Levels of EPA and DHA in the Top 10 Seafood Types
Consumed in the United States

Seafood # Data Standard EPA Content DHA Content Total n-3 Content
(type)? Points Error (g/100 g) (g/100 g) (g/100 g)
Shrimp 11 N/AL 0.17 0.14 0.31
Light tuna N N/A 0.05 0.22 0.27
Salmon 2 N/A 0.69 1.46 2.15
Pollock 0¢ N/A 0.09 0.45 0.54
Catfish 3 N/A 0.05 0.13 0.18
Tilapia 2 N/A 0.00 0.11 0.11
Crab 12 (EPA)  0.021 (EPA)  0.30 0.12 0.42
10 (DHA) 0.008 (DHA)
Cod 0¢ N/A 0.00 0.15 0.15
Clams 0¢ N/A 0.14 0.15 0.29
Flatfish 11 32.5 (EPA) 0.24 0.26 0.50
22.3 (DHA)

aShrimp = Mixed, cooked, moist heat; Light tuna = light, canned in water, drained; Salmon
= Atlantic, farmed, cooked; Pollock = Atlantic, cooked, dry heat; Catfish = Channel, farmed,
cooked, dry heat; Tilapia = Cooked, dry heat; Crab = Alaska king, cooked, moist heat; Cod =
Atlantic, cooked, dry heat; Clams = Mixed, cooked, moist heat; Flatfish = Flounder and sole
species, cooked, dry heat.

bN/A means that the values are not available.

¢As reported in USDA Nutrient Database Release 18 (http://www.nal.usda.gov/fnic/
foodcomp/Data/SR18/sr18.html). Zeroes indicate that value was not derived analytically but
was either calculated by difference or imputed from the value for some other similar food(s).

SOURCES: National Fisheries Institute (http://www.aboutseafood.com/media/top_10.cfm)
and USDA Nutrient Database Release 18 (http://www.nal.usda.gov/fnic/foodcomp/Data/
SR18/sr18.html).
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As discussed in Chapter 1, the Dietary Guidelines Advisory Commit-
tee Report (DGAC, 2005) recommends that adults consume two portions
(each 4 ounces raw/3 ounces cooked) of seafood per week. Following this
recommendation would provide the consumer with a range of intake levels
from 60 mg to 700 mg of EPA and DHA combined per day, depending on
the type of seafood consumed.

Table 2-9 shows mean dietary intake levels of EPA, DHA, and EPA and
DHA combined, for several sex/age groups from the 1999-2002 NHANES.
Mean intake levels for the total population are estimated to be 35 mg of
EPA and 68 mg of DHA per day. Although adults had greater intakes than
children, and men greater intakes than women, none of the sex/age groups
shown had average intakes of even 200 mg per day of EPA and DHA
combined.

Consumption of High Compared to Low EPA/DHA Content Seafood

An analysis of NHANES data classified all seafood types as either
high (> 500 milligrams per 3-ounce serving) or low (< 500 milligrams per
3-ounce serving) in EPA and DHA combined (DGAC, 2005). High EPA/
DHA seafood includes anchovy, mackerel, pompano, salmon, sardines, sea
bass, swordfish, and trout. Low EPA/DHA types include carp, catfish, clams,
conches, cod, crabs, croaker, flounder, frogs, haddock, halibut, lobster,
mullet, octopuses/squid, oysters, perch, pike, pollock, porgy, scallops,
shrimp, snapper, and whiting.

In the NHANES survey, tuna was considered separately, because al-
though there are both high- and low-EPA/DHA varieties of tuna, respon-
dents usually cannot distinguish between them. Therefore, 75 percent of the
tuna consumed was assigned to the low EPA/DHA group and the remainder
to the high EPA/DHA group in accordance with USDA figures (DGAC,
2005). Figure 2-3 shows that the greatest percentage of seafood consumed
is low in EPA/DHA, and that salmon, white tuna, sea bass, and trout are
the most commonly consumed types of seafood high in EPA/DHA.

Another way to consider sources of EPA/DHA is to examine which foods
contribute the most to the population’s intake, a method that takes into ac-
count not only each food’s fatty acid content but also in what quantities it
is consumed. Tables 2-10 and 2-11 show the foods contributing the most to
EPA and DHA intakes, respectively, according to data from the NHANES
1999-2002. Not surprisingly, various seafood types are among the major
contributors of both fatty acids. What might not be expected, however, is
that chicken and eggs contributed measurable amounts to EPA intake over
this time period. Soups, while only contributing 1.8 percent of the EPA, are
a curious addition to the table. These include not only fish chowders, but
soups made from chickens that have been fed fishmeal. Whether chicken
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TABLE 2-9 Dietary Intake of Linolenic Fatty Acid, Eicosapentaenoic
Fatty Acid (EPA), Docosahexaenoic Fatty Acid (DHA), and EPA and
DHA Combined

Age (years) and Sex

All
Individuals R o-11 12-19
Aged 2 and Males and Males and
Statistic Over Females Females Males  Females
Number in sample 17,107 1521 2098 2244 2261
g
Linolenic fatty acid
Mean 1.41 0.90 1.16 1.49 1.23
SEM 0.01 0.02 0.03 0.04 0.03
mg
Eicosapentaenoic
fatty acid (EPA)
Mean 35.26 11.94 14.16 16.91 16.78
SEM 1.99 2.10 1.74 1.91 1.68
Docosahexaenoic
fatty acid (DHA)
Mean 67.98 27.99 37.72 43.75 39.89
SEM 2.66 3.18 4.09 3.12 3.23
EPA and DHA
combined
Mean 103.25 39.93 51.87 60.67 56.66
SEM 4.53 5.21 5.59 4.64 4.68
SOURCE: CDC/NCHS, 1999-2002.
64% 62% Salmon
28% White tuna
20% 13% Sea bass

12% Trout
8% Swordfish
1% Other

16%
W High Omega-3 Fish O Light Tuna (Low Omega-3) O Other Low Omega-3 Fish
FIGURE 2-3 Consumption estimates, as a percentage of total seafood consumed, by
EPA/DHA content classification. High-EPA/DHA seafood is further delineated by type;

white (albacore) tuna is high in EPA/DHA but light (e.g., skipjack) tuna is not.
SOURCE: DGAC, 2005.
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20-39 40-59 60 and older Females,

Pregnant/ Aged 15
Lactating to 45
Males  Females Males  Females Males  Females Women Years
1372 1844 1345 1361 1512 1549 709 3658
1.74 1.33 1.75 1.33 1.45 1.18 1.47 1.32
0.04 0.04 0.04 0.04 0.03 0.02 0.06 0.03
42.83 32.66 56.42 42.99 43.17 36.43 40.13 34.09
4.23 2.73 5.14 7.56 4.60 3.19 8.80 4.69
82.43 63.01 108.92 72.55 78.14 64.88 73.19 62.11
6.22 5.15 7.83 7.82 5.89 4.01 10.54 4.93
125.26  95.67 165.33 115.54 121.31 101.31 113.32 96.19
10.19 7.66 12.59 14.96 10.27 7.11 18.72 9.33

and egg products will continue to contribute significant amounts of DHA is
uncertain because of changes in feed composition aimed at reducing amount
of fishmeal used in animal feeds (Barlow, 2001).

As with farmed fish, feeding practices used in the poultry and egg indus-
tries may affect the content of EPA/DHA in these foods. Poultry feeds are
predominantly vegetable- and grain-based, supplemented with animal and
grain by-products (IOM, 2003), with cost driving the feed formulation. Fat
sources used in poultry feed formulations can include animal fat, vegetable
fat or oil, or feed-grade fat products (Hulan et al., 1989; Ratnayake and
Ackman, 1989; Cantor, 1999; Gonzalez-Esquerra and Leeson, 2000). The
feed ingredients most frequently used to increase the long-chain polyunsatu-
rated fatty acid (LCPUFA) content of poultry meat include fish oil, flaxseed
oil, and rapeseed (canola) oil (Komprda et al., 2005). The amount of fish
meal used in a formulation has typically been about 1 percent of the total
ingredients (IOM, 2003). Recent changes in fat sources used in poultry feed
resulting in a lower fish meal content (Barlow, 2001) suggest a probable
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TABLE 2-10 Food Sources of EPA Among the US
Population, Aged 2 Years and Older, 1999-2002

Food Group? Percent of EPA Cumulative Percent of EPA
Salmon 19.8 19.8
Shrimp 18.8 38.6
Chicken® 8.9 47.5
Crab 5.6 53.1
Trout 3.6 56.7
Tuna 3.2 59.9
Sardines 2.1 62.0
Catfish 2.0 64.0
Soups 1.8 65.8
Cod 1.6 67.4
Eggs 1.5 68.9
Fish, mixed types 1.5 70.4
Flounder 1.2 71.6
Other fish¢ 20.9 92.5

NOTE: Species not shown contributed <1 percent each.

9Includes mixed dishes composed mainly of this item.

bNew data forthcoming show most nutrient levels comparable to earlier
sample, but EPA/DHA levels as undetectable.

Includes types not specified by respondent and types other than those
listed elsewhere in table.

SOURCE: CDC/NCHS, 1999-2002.

decrease in detectable EPA/DHA levels in poultry and egg products. New
forthcoming data on chicken and eggs show levels of most nutrients are
comparable to earlier samples, but EPA/DHA levels as undetectable.

When egg-producing hens are fed diets enriched with EPA and DHA,
their egg lipid content reflects their diet composition (Scheideler and Fron-
ing, 1996; Van Elswyk, 1997; Cantor, 1999; Bean and Leeson, 2003).
Scheideler and Froening (1996) showed that the DHA content of eggs could
be increased by about 3.5 times over that of unmodified eggs by feeding hens
diets containing 5 percent whole flaxseed (2.8 times for a diet containing
5 percent ground flaxseed) compared to unmodified diets for control hens,
indicating that some conversion of ALA to DHA occurs in the hen. The ALA
content of the eggs increased nearly eightfold under the same conditions.
Similarly, hens fed a diet with 2.5 percent dried algae meal high in DHA
produced eggs with about 150 mg DHA per egg (Herber and Van Elswyk,
1996), similar to the level produced by feeding 1.5 percent fish oil.

Non-Animal Sources of Omega-3 Fatty Acids It is important for consumers

to understand that there are different sources of omega-3 fatty acids. EPA
and DHA are not endogenously synthesized from saturated, monounsatu-
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TABLE 2-11 Food Sources of DHA Among the US Population,
Aged 2 and Older, 1999-2002.

Food Group? Percent of DHA Cumulative Percent of DHA
Chicken® 15.6 15.6
Salmon 14.3 30.0
Eggs 9.4 39.4
Shrimp 8.6 48.0
Tuna 7.6 55.6
Trout 4.9 60.5
Catfish 3.1 63.6
Crab 2.9 66.5
Cod 1.6 68.1
Poultry, cold cuts/ground 1.3 69.4
Sardines 1.3 70.7
Fish, mixed types¢ 1.1 71.8
Turkey 1.0 72.8
Other fish 16.9 89.7

NOTE: Species not shown contributed < 1 percent each.

aIncludes mixed dishes composed mainly of this item.

bNew data forthcoming show most nutrient levels comparable to earlier sample,
but EPA/DHA levels as undetectable.

Includes types not specified by respondent and types other than those listed
elsewhere in table.

SOURCE: CDC/NCHS, 1999-2002.

rated, or omega-6 fatty acids; they can only be made from the precursor
omega-3 fatty acid ALA. Some current recommendations include the use of
plant sources, such as walnuts and flaxseed oil, to obtain sufficient amounts
of EPA and DHA in the diet (ADA, 2003). This suggestion is based on the
observation that some vegetable oils contain significant amounts of ALA,
and thus could be used as an alternative to direct consumption of EPA and
DHA (refer to Supplemental Information, Appendix A for detailed informa-
tion). However, as mentioned previously, humans do not convert EPA or
DHA from ALA at rates high enough to reach recommended intake levels
(Pawlosky et al., 2001). Furthermore, based on in vivo isotope studies,
the rates of conversion differ between young men and women (Burdge et
al., 2002; Burdge and Wootton, 2002), and between nonpregnant, preg-
nant, lactating and nonpregnant, and nonmenopausal women (Burdge and
Wootton, 2002). Additionally, the extent to which ALA is utilized for energy
rather than converted into EPA and DHA is likely driven by both the physi-
ologic requirements for these fatty acids and by the quantity available in the
diet (Burdge et al., 2002). For example, if the physiologic requirement for
EPA is high, e.g., during pregnancy and lactation, and other energy needs
are being met, there is likely to be more efficient utilization of ALA as a
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precursor source for EPA in women. On the other hand, an adult male who
is not at risk for heart disease and whose energy needs are greater than his
intake of calories from other sources would preferentially utilize ALA as an
energy source rather than as a source of omega-3 fatty acids.

Production of long-chain polyunsaturated fatty acids from microorgan-
isms, including lower fungi, bacteria, and marine microalgae, appears to be
a promising source of omega-3 fatty acids, especially DHA (Cohen et al.,
1995). The organisms Schizochytrium sp. and Crypthecodinium cobnii are
currently used in commercial production of DHA. Sijtsma and de Swaaf
(2004) have estimated that 50 large bioreactors could produce up to 10
percent of the quantity of DHA currently obtained from global production
of fish oil.

The production of EPA and DHA in mustard seed has recently been
achieved by application of genetic engineering techniques by Wu et al.
(2005). The oil in the engineered mustard seeds contained 15 percent EPA
and 1.5 percent DHA. The investigators were optimistic that a higher con-
tent of DHA could be achieved in further work. Therefore, although fish are
presently the principal source of EPA and DHA available for human diets,
there are several alternative sources available and more in development.

Dietary Supplements as Sources of EPA and DHA

The use of fish-oil supplements has increased over the past three
decades, presumably as a result of publicity regarding the many studies
showing a relationship between fish-oil supplementation and reduced
risk for heart disease (e.g., Blonk et al., 1990; Reis et al., 1990; Bairati et
al., 1992; Bucher et al., 2002; Marchioli et al., 2002; Vanschoonbeek et al.,
2003). In 1998, Nutrition Business International (1998) forecast a market
growth of 14-16 percent annually for fish-oil supplements compared to the
industry’s supplement average of 13 percent.

Fish oils used as food ingredients and dietary supplements are derived
from a variety of different fish and are processed in different ways; con-
sequently, their fatty acid profiles differ, especially in their content of the
principal omega-3 fatty acids, EPA and DHA. The EPA and DHA content
of some typical fish-oil supplements is shown in Table 2-12. The first five
entries in this table are fish oils that have been determined to be generally
recognized as safe (GRAS) for addition to foods and for which notices
were submitted to the Food and Drug Administration (FDA).! Some fish
oils are specially processed to increase the concentration of EPA and DHA,
but unmodified fish oils contain from about 10 to 30 percent of these fatty
acids, respectively.

Information on sample number and variability not available.
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TABLE 2-12 EPA and DHA Content of Fish-Oil Supplements

EPA DHA
Content  Content

Fish Oil Manufacturer (g/100g) (g/100g) Data Source?

Small Planktivorous Jedwards 18.0 12.0 GRAS Notice #102, 2002

Pelagic Fish Body

Qil (SPPFBO)

Fish Oil Unilever 20.0 18.0 GRAS Notice #1085, 2002

Concentrate

Tuna Oil Clover 6.0 26.5 GRAS Notice #109, 2002

18/12 Triglycerides ~ Ocean Nutrition 18.5 11.8 GRAS Notice #138, 2003

Canada (ONC)

Salmon Oil Jedwards 8.0 12.0 GRAS Notice #146, 2004

Menhaden Oil Unspecified 13.1 6.7 FDA, 1997 (Federal
Register 62, No. 108, Rules
and Regulations)

Herring Oil Unspecified 6.3 4.2 USDA Nutrient Database
for Standard Reference,
Release 18

Salmon Oil Unspecified 13.0 18.2 USDA Nutrient Database
for Standard Reference,
Release 18

Sardine Oil Unspecified 10.1 10.7 USDA Nutrient Database
for Standard Reference,
Release 18

“Information on sample number and variability not available.

A variety of fatty acids other than EPA and DHA are also found in fish
oils. While these oils are generally lower in saturated fatty acids than other
animal-derived fats and oils, they do contain about 20-25 percent saturated
fatty acids by weight, as well as from about 20 to about 55 percent mono-
unsaturated fatty acids (Table 2-12).

CONTAMINANTS OF CONCERN IN SEAFOOD

Methylmercury

Methylmercury is an environmental contaminant found in nearly all
seafood. It is a potent neurotoxin (ATSDR, 1999; NRC, 2000; Satoh,
2003). Its origin and metabolism are discussed in a recent NRC report
(NRC, 2000). Table 2-13 presents the average mercury concentrations in
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TABLE 2-13 Methylmercury Concentrations in Seafood

Mercury Concentration (ppm)?

Market¢
Seafood Type Mean Median Min Max #n Source? (%)
Anchovies 0.04 NA ND 0.34 40 NMEFS 1978 0.5
Bass (saltwater)d 0.27  0.15 0.06 0.96 35 FDA 1990-03 0.6
Bluefish 0.31 0.30 0.14 0.63 22 FDA 2002-03 0.1
Buffalo fish 0.19 0.14 0.05 0.43 4 FDA 1990-02 0.0
Butterfish 0.06 NA ND 0.36 89 NMEFS 1978 0.1
Carp 0.14 0.14 0.01 0.27 2 FDA 1990-02 0.0
Catfish 0.05 ND ND 0.31 22 FDA 1990-02 4.8
Clams ND ND ND ND 6 FDA 1990-02 1.7
Cod 0.11 0.10 ND 0.42 20 FDA 1990-03 4.7
Crabe 0.06 ND ND 0.61 59 FDA 1990-02 4.7
Crawfish 0.03 0.03 ND 0.08 21 FDA 2002-03 0.6
Croaker (Atlantic) 0.05  0.05 0.01 0.10 21 FDA 1990-03 0.3
Croaker white (Pacific) 0.29  0.28 0.18 0.41 15 FDA 1990-03 0.0
Flatfish/ 0.05 0.04 ND 0.18 22 FDA 1990-02 3.6
Grouper 0.55 0.44 0.07 1.21 22 FDA 2002-03 0.2
Haddock 0.03  0.04 ND 0.04 4 FDA 1990-02 0.6
Hake 0.01 ND ND 0.08 9 FDA 1990-02 0.3
Halibut 0.26  0.20 ND 1.52 32 FDA 1990-02 0.9
Herring 0.04 NA ND 0.14 38 NMEFS 1978 2.5
Jacksmelt 0.11 0.06 0.04 0.50 16 FDA 1990-02 0.0
Lobster 0.31 NA 0.05 1.31 88 NMEFS 1978 1.3
(Northern/American)
Lobster (spiny) 0.09 0.14 ND 0.27 9 FDA 1990-02 0.8
Mackerel, Atlantic 0.05 NA 0.02 0.16 80 NMEFS 1978 0.3
(N. Atlantic)
Mackerel, chub (Pacific) 0.09 NA 0.03 0.19 30 NMEFS 1978 0.2
Mackerel, king 0.73 NA 0.23 1.67 213 Gulf 2000 0.1
Mackerel, Spanish 0.45 NA 0.07 1.56 66 NMFS 1978 0.0
(Gulf of Mexico)
Mackerel, Spanish 0.18 NA 0.05 0.73 43 NMFS 1978 0.0
(S. Atlantic)
Marlin 0.49  0.39 0.10 0.92 16 FDA 1990-02 0.0
Monkfish 0.18 NA 0.02 1.02 81 NMEFS 1978 0.4
Mullet 0.05 NA ND 0.13 191 NMFS 1978 0.2
Orange roughy 0.54 0.56 0.30 0.80 26 FDA 1990-03 0.2
Oysters ND ND ND 0.25 34 FDA 1990-02 0.8
Perch (freshwater) 0.14  0.15 ND 0.31 5 FDA 1990-02 0.0
Perch ocean ND ND ND 0.03 6 FDA 1990-02 0.5
Pickerel ND ND ND 0.06 4  FDA 1990-02 0.1
Pollock 0.06 ND ND 0.78 37 FDA 1990-02 11.1
Sablefish 0.22 NA ND 0.7 102 NMEFS 1978 0.3
Salmon (canned) ND ND ND ND 23 FDA 1990-02 0.9
Salmon (fresh/frozen) 0.01 ND ND 0.19 34 FDA 1990-02 7.9
Sardine 0.02  0.01 ND 0.04 22 FDA 2002-03 1.2
Scallops 0.05 NA ND 0.22 66 NMEFS 1978 0.8
Scorpion fish 0.29 NA 0.02 1.35 78 NMEFS 1978 0.9
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TABLE 2-13 Continued

Mercury Concentration (ppm)?

Market¢
Seafood Type Mean Median Min Max n Source? (%)
Shad (American) 0.07 NA ND 0.22 59 NMEFS 1978 0.0
Sharksg 0.99 0.83 ND 4.54 351 FDA 1990-02 0.1
Sheepshead 0.13 NA 0.02 0.63 59 NMEFS 1978 0.0
Shrimp ND ND ND 0.0§ 24 FDA 1990-02 15.1
Skate 0.14 NA 0.04 0.36 56 NMFS 1978 0.3
Snapper 0.19  0.12 ND 1.37 25 FDA 2002-03 0.5
Squid 0.07 NA ND 040 200 NMFS 1978 1.0
Swordfish 0.97 0.86 0.10 3.22 605 FDA 1990-02 0.4
Tilapia 0.01 ND ND 0.07 9 FDA 1990-02 1.9
Tilefish (Atlantic) 0.15  0.10 0.06 0.53 17 FDA 2002-03 0.0
Tilefish (Gulf of Mexico) 1.45 NA 0.65 3.73 60 NMEFS 1978 0.0
Trout (freshwater) 0.03  0.02 ND 0.13 17 FDA 2002-03 0.7
Tuna (canned, albacore)  0.35  0.34 ND 0.85 179 FDA 1990-03 5.3
Tuna (canned, light) 0.12  0.08 ND 0.85 131 FDA 1990-03 13.4
Tuna (fresh/frozen) 0.38  0.30 ND 1.30 131 FDA 1990-02 1.8
Weakfish (sea trout) 0.25 0.16 ND 0.74 27 FDA 1990-03 0.1
Whitefish 0.07  0.0S ND 0.31 25 FDA 1990-03 0.2
Whiting ND ND ND ND 2 FDA 1990-02 4.1

aMercury was measured as total mercury and/or methylmercury. ND—mercury concentration
below the level of detection (LOD = 0.01 ppm). NA—data not available.

bSource of data: FDA Surveys 1990-2003 (FDA, 2004), National Marine Fisheries Service
Survey of Trace Elements in the Fishery Resource (Hall et al., 1978), A Survey of the
Occurrence of Mercury in the Fishery Resources of the Gulf of Mexico (Ache et al., 2000).

“Market share calculation based on 2001 National Marine Fisheries Service published
landings data (NMFS, 2002).

dIncludes sea bass/striped bass/rockfish.

¢Includes blue, king, and snow crab.

fincludes flounder, plaice, sole.

8Includes multiple species of shark.

SOURCE: Derived from Regulatory Toxicology and Pharmacology 40(3), Carrington
CD, Montwill B, Bolger PM. An intervention analysis for the reduction of exposure to
methylmercury from the consumption of seafood by women of child-bearing age, 274-280,
2004, with permission from Elsevier.

species of fish and shellfish reported consumed by women in the 1999-2000
NHANES (Carrington et al., 2004). Mercury levels in fish do not appear to

have changed appreciably over recent decades, although the data are limited
(US EPA, 1997).

Persistent Organic Pollutants

Persistent organic pollutants (POPs) are lipophilic contaminant com-
pounds and tend to bioaccumulate up the food chain. They include such
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substances as dioxins, dioxin-like compounds (DLCs), and polychlorinated
biphenyls (PCBs), including those with dioxin-like activity. Dioxins, dioxin-
like compounds (including PCBs with dioxin-like activity) (DLCs) and PCBs
are the most frequently occuring POPs in seafood. A variety of lipophilic
pesticide contaminants have been found in fish from the Great Lakes (Giesy
et al., 1994; Anderson et al., 1998; Chernyak et al., 2005) and both farmed
and wild-caught salmon from European waters (Food Safety Authority
of Ireland, 2002; Foran et al., 2004; Hites et al., 2004b; Hamilton et al.,
2005). Among these contaminants, aldrin and dieldrin have been found in
amounts exceeding 1 pug/kg body weight in the Great Lakes (Anderson et
al., 1998; Cole et al., 2002; Schmitt et al., 1999). The Salton Sea, a large
manmade lake in California, was reported to have high levels of some or-
ganochlorine compounds (OCs) in 2001 (Sapozhnikova et al., 2004). The
toxicity of these compounds varies widely, and the implications for human
health remain controversial.

Several investigators have found that levels of many POPs are higher in
commercially available farmed fish than in wild-caught fish (Easton et al.,
2002; Hites et al., 2004a,b; Foran et al., 2005). Van Leeuwen and de Boer
(2004) tabulated contaminant data for PCBs, OCs, polychlorinated dibenzo-
p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), dioxin-like
PCBs, polybrominated diphenyl ethers (PBDEs), and others. Table 2-14
shows estimated DLC levels in seafood from the FDA Total Diet Study
Market Basket Survey. The reported values differ from 2001 through 2004,
in part because of changes in analytical detection techniques.

Impact of Toxicants on Selenium Status

Several environmental organic toxicants have a direct or indirect impact
on antioxidant status or oxidative stress of various organisms (Halliwell
and Gutteridge, 1999). Therefore, studies have examined what influences
such compounds may have on selenoproteins involved in modulation of
oxidative stress.

Dioxin

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) inhibits hepatic selenium-
dependent but not selenium-independent glutathione peroxidase in hamsters
(Hassan et al., 1983). Supplemental dietary selenium will partially protect
against TCDD toxicity in rats (Hassan et al., 1985).
Polychlorinated Biphenyls

PCB exposure causes significant increases in hepatic levels of lipid
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TABLE 2-14 Total Diet Study Analyses of Dioxin-like
Compounds in Seafood, 2001-2004

PCDD< TEQ?, Pg/ec, ND = LOD/24
(by year reported)

Seafood Type 2001 2002 2003 2004

Tuna, canned in oil 0.0057 0.0050 N/A N/A

Tuna, canned in water N/A N/A 0.0110 0.0182
Tuna noodle casserole 0.0334 0.0318 0.0826 0.0159
Fish sticks, frozen 0.0335 0.0667 0.0126 0.0053
Shrimp, boiled 0.0597 0.0834 0.0032 0.0151
Salmon, fillets 0.3257 0.1504 0.2585 0.0795
Fish sandwich, fast-food 0.0138 0.0059 0.0152 0.0078
Clam chowder, canned 0.0054 0.0169 0.0096 0.0154
Catfish, cooked in oil N/A N/A 0.2971 0.2055

7PCDD = Polychlorinated dibenzo-p-dioxin.

YTEQ = Toxicity Equivalents (see Chapter 4 for explanation).

‘Pg/g = Picograms of contaminant per gram of food (see Chapter 4 for
explanation).

AND = LOD/2 refers to the non-detect limit expressed as the limit of
detectionx0.5.

SOURCE: USDA Total Diet Study (http://www.cfsan.fda.gov/~Ird/dioxdata.
html).

peroxidation, glutathione, glutathione reductase, glucose-6-phosphate de-
hydrogenase, and glutathione S-transferase in rats fed diets low in selenium
but not in rats fed adequate selenium (Chow and Gairola, 1981; Chow et

al., 1981). Thus, dietary selenium deprivation renders rats more sensitive
to PCB effects.

FINDINGS

1. Seafood is a primary source of the omega-3 long-chain polyunsatu-
rated fatty acids (LCPUFA) eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), but not all seafood is rich in these fatty acids.

2. Relative to other foods in the meat, poultry, fish, and egg group, fish
is generally lower in saturated fatty acids and higher in EPA, DHA, and
selenium than most other choices.

3. Seafood may also contain chemical contaminants (e.g., methylmer-
cury, POPs). While there are data on the methylmercury content of many
types of seafood, there are virtually no data on other contaminants and
pollutants.

4. Average quantities of seafood consumed by the general US popula-
tion, and by several specific population groups, are below levels suggested by
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many authoritative groups including levels recommended by the American
Heart Association for cardiovascular disease prevention.

5. Average quantities of EPA and DHA consumed by the general US
population, and by several specific population groups, are also below levels
recommended by many authoritative groups.

6. For many ethnic and geographic subgroups, there are insufficient
data to characterize the intake levels of seafood, EPA, DHA, and other
dietary constituents, and to assess the variability of those intakes.

7. Chicken and eggs, although not particularly rich sources, have con-
tributed over 10 percent of the EPA and about 25 percent of the DHA in
the US diet in recent years because of their frequent consumption. However,
changes in feeding practices may be making these contributions negligible.
New forthcoming data on chicken and eggs show most nutrient levels com-
parable to earlier samples, but EPA/DHA levels as undetectable.

8. Shrimp and tuna are the two most commonly consumed types of
seafood in the United States. Shrimp and canned/packaged light tuna—the
major type of tuna consumed—are not especially rich in EPA and DHA;
nor are they especially high in mercury. However, albacore (white) tuna, a
good source of EPA/DHA, can be higher in mercury than other tuna.

9. Shark, swordfish, king mackerel, and tilefish—the four types of
seafood identified in the FDA/US EPA joint advisory as being most highly
contaminated with mercury—are not among the types of seafood most
frequently consumed in the United States, and supply trends suggest their
future availability will be increasingly limited.

10. Forces such as consumer trends, increasing dependence on aquacul-
ture, and increased imports are influencing the availability of many popular
seafood selections.

RESEARCH RECOMMENDATIONS

Recommendation 1: Research is needed on systematic surveillance
studies of targeted subpopulations. Such studies should be carried out us-
ing state-of-the-art assessment methods to determine the intake levels of
seafood, EPA/DHA and other dietary constituents, and the variability of
those intake levels among population groups.

Recommendation 2: Sufficiently large analytic samples of the most
common seafood types need to be obtained and examined. These samples
should be used to determine the levels of nutrients, toxicants, and contami-
nants in each species and the variability between them, which should be
reported transparently.

Recommendation 3: Additional data is needed to assess benefits and
risks associated with seafood consumption within the same population or
population subgroup.
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Health Benefits Associated with
Nutrients in Seafood

seafood or from dietary supplementation with nutrients derived from

seafood. The review of evidence related specifically to the omega-3 fatty
acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from
seafood is presented in two parts: Part I addresses the impact of EPA/DHA
on maternal, infant, and child health outcomes and Part II addresses the
impact on chronic disease, particularly coronary heart disease, in adults. The
discussions that follow include a review of the literature and evaluation of
the quality of the evidence for benefits.

The committee considered a broad range of evidence on potential ben-
efits associated with nutrients from seafood and reviewed evidence from
other systematic reviews, i.e., the Agency for Health Research and Quality
(AHRQ) reviews (Balk et al., 2004; Schachter et al., 2004, 2005; Wang
et al., 2004) and other published reports of evidence associating nutrients
from seafood with specific health outcomes. In cases where benefits were
not supported or were poorly supported by the literature, a statement is
made to that effect.

Scientific evidence to support benefits associated with seafood intake on
cardiovascular risk reduction through prevention of disease development
consists mainly of observational studies of seafood consumption among
the general population. Recommendations to the general population are
inferred from these findings despite the fact that they have not been tested
by trials in this population. Fish-oil supplementation, on the other hand,
has been used in secondary prevention trials in high cardiovascular-risk

This chapter reviews the evidence for benefits derived from nutrients in
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populations or populations with established disease to examine its role in
preventing recurrence of cardiovascular events.

Given the potential for different outcomes in general compared to high-
risk populations, the committee also considered best practice guidelines for
both, which take into account currently available evidence. The conclusions
drawn from the evidence reviewed were the basis for decision-making about
seafood selections discussed in later chapters. The literature reviewed in the
chapter is summarized in tables included in Appendix B.

INTRODUCTION

Seafood is a food source comparable to other animal protein foods in
nutrient composition (see Chapter 2). In addition, seafood is an important
contributor of selenium to the American diet and is unique among animal
protein foods as a rich source for the omega-3 fatty acids EPA and DHA,
although the roles of these fatty acids in maintaining health and prevent-
ing certain chronic diseases have not been completely elucidated (IOM,

2002/2005).

Benefits to the General Population Associated with Nutrients in Seafood

As noted in Chapter 1, the US Dietary Guidelines for Americans (DGA)
provides science-based advice to promote health and reduce risk for chronic
diseases through diet and physical activity. The guidelines are targeted to
the general public over 2 years of age living in the United States. But as
noted in Chapter 2, general adherence to the DGA is low among the US
population.

Seafood provides an array of nutrients that may have beneficial effects
on health (see Chapter 2). While protein is an important macronutrient in
the diet, most Americans already consume enough protein and do not need
to increase their intake. Fats and oils are also part of a healthful diet, but
the type of fat can be important, for example, with regard to heart disease.
Many Americans consume greater than recommended amounts of saturated
fat from high-fat animal protein foods such as beef and pork as well as trans
fat from processed foods (Capps et al., 2002). A diet high in fat (greater
than 35 percent of calories), particularly animal fat, may increase saturated
fat intake, add excess calories, and increase risk for coronary heart disease.
Many seafood selections, depending upon preparation method, are lower in
total and saturated fat and cholesterol than some more frequently selected
animal protein foods, including both lean and fatty cuts of beef, pork, and
poultry (Table 3-1). By substituting seafood more often for other animal
foods, consumers can decrease their overall intake of total and saturated fats
while retaining the nutritional quality of other protein food choices.
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TABLE 3-1 Differences in Saturated Fat Content Between Commonly
Consumed Animal Food Products

Portion Size Saturated Fat Calories

Food Category (ounces) (grams) (kcal)
Cheese

Regular cheddar cheese 1 6.0 114

Low-fat cheddar cheese 1 1.2 49
Ground beef

Regular ground beef (25% fat) 3 (cooked) 6.1 236

Extra lean ground beef (5% fat) 3 (cooked) 2.5 145
Chicken

Fried chicken (with skin) 3 3.4 229

Roasted chicken (no skin) 3 0.9 130
Fish

Fried fish (catfish) 3 2.8 195

Baked fish (catfish) 3 1.5 129

SOURCE: USDA, Release 18.

The 1994-1996 Continuing Survey of Food Intake by Individuals
(CSFII) identified several micronutrients that were consumed at levels below
the Recommended Dietary Allowance (RDA), including vitamins E and B-6,
calcium, iron, magnesium, and zinc. Seafood is a good source of zinc and
some calcium, e.g., from canned salmon or other fish with bones, which may
contribute to the total intake of these nutrients when substituted for other
animal food products. For example, a 3-ounce cooked serving of beef, lamb,
chicken, or pork contains approximately 10-20 mg of calcium, whereas a 3-
ounce serving of canned salmon with bones contains approximately 240 mg.
(Source: http://www.nal.usda.gov/fnic/foodcomp/Data/SR18/sr18.html.)

Nutritional Benefits Associated with Omega-3 Fatty Acids
Optimal Intake Levels for EPA and DHA

There are insufficient data on the distribution of requirements to set
an Estimated Average Requirement (EAR) for alpha-linolenic acid (ALA),
so an Adequate Intake (AI) was set instead, at approximately the level of
current intakes (IOM, 2002/2005). Given that ALA conversion to EPA and
DHA is low and variable (Burdge, 2004), intakes of the preformed omega-3
fatty acids may be less than desired under certain physiologic circumstances
(see Chapter 2). Despite the number of studies conducted over the past two
decades to assess the impact of omega-3 fatty acids in general on health
outcomes, optimal intake levels for EPA and DHA are still not defined. The
Dietary Reference Intakes (IOM, 2002/2005) did not establish a require-
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ment for any omega-3 fatty acids; rather, an estimate of adequacy, the Al,
was derived from the highest median intake of ALA in the United States.

Target intake goals for seafood consumption for the general population
and recommended EPA/DHA intake levels for specific population subgroups
have been put forward by both public agencies and private organizations
(reviewed in Chapter 1). Whether there are benefits to the general popula-
tion that are related specifically to EPA/DHA obtained from consuming
seafood is not clear from the available evidence. A low-saturated-fat,
nutrient-dense protein food such as seafood does represent a good food
choice for the general population and this is reflected in the recommenda-
tions of the Dietary Guidelines for Americans to choose low-fat foods from
among protein sources that include fish (see Chapter 1). The evidence in
support of recommendations to increase EPA/DHA intake, whether from
seafood or fish-oil supplements, among the population groups that would
most benefit is presented in the following discussions.

It should, however, be kept in mind that the benefits of seafood con-
sumption for health may not be limited to intake of EPA/DHA. Other
nutrients present in seafood may provide specific health benefits or even
facilitate the action of EPA/DHA. Additionally, substitution of seafood for
other food sources may decrease exposure to nutrients that are shown to
increase health risks, such as saturated fats. On the other hand, some con-
taminants or toxins present in seafood may decrease or negate the benefit
of EPA/DHA, as illustrated by the dilemma in making recommendations for
seafood consumption in pregnant women, considering the potential ben-
efits of EPA/DHA compared to potential risks of methylmercury exposure
to the fetus. Therefore, when assessing the question of benefits of seafood
consumption, seafood should not be considered as equivalent to EPA/DHA.
This differentiation may explain some of the inconsistencies in the findings
described below. In other words, demonstrated benefits of EPA/DHA do not
necessarily mean benefits of seafood, and lack of benefit from EPA/DHA
does not necessarily mean lack of benefit from seafood.
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Part I: Benefits to Women, Infants, and Young
Children Associated with Omega-3 Fatty Acids

BENEFITS TO WOMEN DURING AND AFTER PREGNANCY

Preeclampsia

An array of studies based on supplemental intake of EPA/DHA or bio-
chemical indicators of EPA/DHA levels has been carried out to determine
whether there is an association between increased intake or blood levels of
EPA/DHA and decreased incidence of or risk for preeclampsia (Olsen and
Secher, 1990; Schiff et al., 1993; Williams et al., 1995; Velzing-Aarts et al.,
1999; Clausen et al., 2001). Because these and other studies, including ran-
domized clinical trials (Bultra-Ramakers et al., 1995; Onwude et al., 1995;
Salvig et al., 1996) or reviews of trials (Sibai, 1998) did not show clear
evidence of a beneficial effect of a broad range of intake (or biochemical in-
dicators) of EPA/DHA levels, it does not appear likely that increased seafood
intake or fish-oil supplementation will reduce the incidence of preeclampsia
among US women (see Appendix Table B-1a).

Postpartum Depression

During pregnancy and lactation there is a correspondent transfer of
DHA from the mother to the fetus or infant (Holman et al., 1991; Al et
al., 1993). Following pregnancy and lactation, maternal DHA blood levels
may require many months for recovery to pre-pregnancy levels (Otto et al.,
2001). Although prior depressive illness is the best predictor of higher risk
for postpartum depression, it has been proposed that low DHA levels in the
brain in late pregnancy and early postpartum period may contribute to the
emergence of postpartum depression (Hibbeln and Salem, 1995). Further,
it has been hypothesized that increased EPA/DHA intake during pregnancy
could reduce the risk for postpartum depression. To date, however, there
have been no randomized controlled trials or controlled clinical studies test-
ing whether increased omega-3 fatty acid intake by pregnant women could
reduce the risk for postpartum depression.

Hibbeln (2002) conducted a cross-cultural review of 41 studies and con-
cluded that there is an association between increased seafood consumption
and higher maternal milk DHA levels (p<0.006) and that this was associated
with a lower prevalence of postpartum depression (p<0.0001). Timonen et
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al. (2004) followed up the Northern Finland 1966 Birth Cohort prospec-
tively from pregnancy to 31 years of age. Members of the cohort were sent
questionnaires, invited to undergo a clinical examination to assess indices of
depression, and asked to estimate seafood consumption in the previous six
months (presumably related to the lifetime pattern of seafood consumption).
The study found that females who rarely consumed fish showed greater in-
cidences of life-time depression than regular consumers of fish, based on the
Hopkins Symptom Check List (HSCL-25) depression subscale alone (cutoff-
point 2.01) (OR=1.4; 95% confidence interval [CI] 1.1-1.9) and the HSCL-
25 depression subscale (cutoff-point 2.01) with a doctor diagnosis (OR=2.6;
95% CI 1.4-5.1), but not based on doctor diagnosis alone (OR=1.3; 95%
CI0.9-1.9) or suicidal ideation. This study, however, did not show causation
and did not address postpartum depression specifically.

Otto et al. (2003) investigated the relationship between postpartum
depression and changes in maternal plasma phospholipid-associated fatty
acid (DHA and docosapentaenoic acid [DPA]) status by measurement at
36 weeks of pregnancy, at delivery, and 32 weeks postpartum in women in
the Netherlands. Postpartum depression was assessed using the Edinburgh
Postnatal Depression Scale (EPDS), developed as a screening and monitor-
ing tool for postpartum depression (Cox et al., 1987). Only relative plasma
fatty acid levels (percent of total fatty acids, wt/wt) were reported because
total absolute amounts of plasma phospholipid-associated fatty acids at
delivery and changes that occurred postpartum were not significantly dif-
ferent between the “possibly depressed” and “non-depressed” groups. The
conclusion from this study was that the ratio of 22:6 n-3 (DHA) to 22:5 n-6
(DPA) becomes reduced during pregnancy and the difference is significant
(p<0.04) compared to increased EPDS scores, while DHA status at delivery
did not correlate with depressive symptoms (p=0.563) (Otto et al., 2003).

In contrast to the above-mentioned studies, Llorente et al. (2003)
examined a cohort of 44 women who consumed 200 mg of DHA per day
during the first 4 months of lactation compared to a placebo control group
(n=435) for indices of postpartum depression and information processing
(cognition). Both groups were analyzed for symptoms of depression us-
ing a self-rating questionnaire, the Beck Depression Inventory (BDI). Ad-
ditionally, a subgroup of the population was administered the EPDS and
the Structured Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Axis I Disorders—Clinical Version. A
positive and statistically significant correlation was found between the BDI
questionnaire at 4 months and the EPDS scores at 18 months (p<0.0001),
which validated use of the BDI for assessment of symptoms. However, no
difference was found between the supplemented and control groups for

diagnostic measures of postpartum depression or information processing
(see Appendix Table B-1b).
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Summary of Evidence

Based solely on these studies, the committee cannot draw a conclusion
about the effect of increased EPA/DHA on postpartum depression. Thus,
there is not sufficient evidence to conclude that the health of pregnant or
lactating women will benefit directly from an increase in seafood intake.

BENEFITS TO INFANTS AND CHILDREN ASSOCIATED WITH
PRENATAL OMEGA-3 FATTY ACID INTAKE

Transfer of Maternal DHA to the Fetus or Breastfeeding Infant

The level of maternal DHA intake influences DHA levels in both ma-
ternal blood and milk. Blood DHA levels increase by about 50 percent
in pregnancy (Al et al., 1995) and decline dramatically by 6 weeks after
parturition, especially with lactation (Makrides and Gibson, 2000; Otto
et al., 2001). DHA transport across the placenta is increased with higher
compared to lower maternal blood DHA concentration and, compared with
other fatty acids in maternal blood, DHA is selectively transferred across
the placenta (Haggerty et al., 1997, 1999, 2002). Thus, increased maternal
blood DHA levels in pregnancy may enhance DHA availability for placental
transfer to the fetus.

Maternal DHA status could influence the DHA supply available to the
fetal brain as well as other organs and tissues (Clandinin et al., 1980a). Brain
DHA accumulates rapidly from approximately 22 weeks gestation until at
least 2 years after birth (Clandinin et al., 1980b; Martinez, 1992). Studies
that examined autopsy tissue from a limited number (n = 5) of both preterm
and term infants reported that tissue from infants who consumed breast
milk after birth showed greater cortical accumulation of DHA than those
fed formulas that did not contain DHA, and the differences increased with
duration of feeding (Farquharson et al., 1992; Makrides et al., 1994).

Duration of Gestation and Birth Weight

Infant birth weight is the result of a complex interaction involving many
factors, including both biological and social mechanisms. Biological mecha-
nisms are also variable and complex but appear to be linked to duration of
gestation and fetal growth, conditional on duration of gestation (Ghosh and
Daga, 1967; Villar and Belizan, 1982; Alberman et al., 1992). Higher birth
weight is positively associated with cognitive ability among full-term infants
in the normal birth weight range (Matte et al., 2001; Richards et al., 2001)
as well as some preterm infants (Hediger et al., 2002). Low infant birth
weight (less than 2500 grams or 5.2 pounds) (Juneja and Ramiji, 2005), fetal
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growth retardation (van Wassenaer, 2005), and preterm delivery (Hediger
et al., 2002) are associated with poor developmental outcomes.

Fish-Oil Supplementation

Observational and experimental studies have been carried out to deter-
mine if there is a relationship between DHA intake and increased gestation
duration or birth weight. Both observational and experimental studies sug-
gest that increased seafood consumption or DHA intake from supplements
can increase gestation duration or birth weight. Any outcome correlated
with a variable in an observational study can only suggest an association.
In the case of the observational studies cited here showing relationships
between EPA/DHA or seafood intake, the effect may be explained by these
variables or by other variables that accompany diets higher in EPA/DHA
or seafood intake. The People’s League of Health trial (reviewed in Olsen,
2006) showed that deliveries before 40 weeks were reduced by 20.4 percent
in the group that received a fish-oil/vitamin supplement compared to the
group that was not supplemented (p<0.0008) (Olsen and Secher, 1990).

Several randomized controlled trials (RCT) have tested for an associa-
tion between dietary supplementation with fish oil or the omega-3 fatty
acids from fish oil (i.e., either DHA alone or EPA and DHA) and longer
duration gestation. Olsen et al. (1992) conducted an RCT that administered
2.7 g/day of a fish-oil supplement beginning in the 30th week of pregnancy
in a Danish cohort. The study found an average increase in gestation of 2.8
days in subjects from the fish-oil treatment group compared with control
groups receiving an olive oil supplement or no supplement (p<0.01). In a
similar study, Olsen et al. (2000) found among women who had a previous
preterm delivery (delivery at <37 weeks) a significantly decreased risk for
recurrent preterm delivery, a mean increase in gestation of 8.5 days (p=0.01),
and an increase in birth weight of 209 g (p=0.02) in the fish oil compared
to the olive-oil treatment group. In this study, however, prophylactic trials
using fish-oil supplementation did not increase gestation duration and
birth weight in pregnancies with intrauterine growth retardation, twins, or
pregnancy-induced hypertension.

In contrast to these studies, a randomized trial conducted in Norwegian
women (Helland et al., 2001) found no increase in either gestation dura-
tion or birth weight with a supplement of 2 g/day of EPA and DHA from
cod-liver oil during the last two trimesters of pregnancy. However, a post
hoc analysis found an increase in length of gestation of 7 days in infants
in the highest quartile for plasma phospholipid DHA compared to those in
the lowest quartile (Helland et al., 2001). Similarly, a post hoc analysis of
results from the previously mentioned Danish trial (Olsen et al., 1992) found
an increase in gestation duration of 5.7 days associated with fish-oil supple-
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mentation in a group of women who had the lowest 20 percent of seafood
consumption at study entry (p<0.05), compared to a 2.8-day increase in
gestation associated with fish-oil supplementation in all women.

The committee found that compared to women in Denmark and Nor-
way, US women have been shown to consume less omega-3 long-chain
polyunsaturated fatty acids and have lower levels of DHA in breast milk
(Jensen et al., 1995). They also have, on average, shorter gestation durations
and smaller infants (Smuts et al., 2003 a,b; Olsen et al., 1992; Helland et
al., 2001). Birth weight depends on both length of gestation and intrauterine
growth. Problematically high birth weight is not due to excessive gestation
but rather to excessive intrauterine growth. No experimental trials have
been conducted in the United States in which fish-oil supplements were
evaluated for increasing gestation duration.

EPA/DHA Intake from Seafood and Other Food Sources

In a randomized controlled trial, Smuts et al. (2003b) evaluated the
effect of feeding DHA-fortified eggs (mean 133 mg DHA/egg) to pregnant
women in the United States, beginning at 24-28 weeks gestation. They re-
ported a significant increase in gestation of 6 days among women consuming
the high-DHA eggs compared to women receiving unfortified eggs (mean 33
mg DHA/egg). There was no significant increase in birth weight (p=0.184),
birth length (p=0.061), or head circumference (p=0.081) among infants of
mothers consuming high-DHA eggs. Although birth weight is frequently
used as a marker for infant growth, head circumference and birth length
are likely better indicators of positive pregnancy outcome.

An observational study examining an association between seafood
consumption and gestational duration was conducted in a cohort of women
in the Orkney Islands and Aberdeen, Scotland. This study identified a
significant association between the 30 percent greater amount of seafood
consumed by Orkney Island women over that consumed by women in Aber-
deen, Scotland, and an increase in gestational duration of 2.5 days (p=0.01)
(Harper et al., 1991).

Olsen et al. (1991) examined whether there was a difference in the ratio
of the long-chain polyunsaturated fatty acids (LCPUFA) EPA, DPA, and
DHA to arachidonic acid (AA) measured in erythrocytes obtained within 2
days of delivery between Faroese and mainland Danish women and whether
there was a correlation between the LCPUFA levels and gestational dura-
tion in these populations. Among the Faroese subjects, significantly higher
percentages of blood EPA and DHA were detected compared to Danish
subjects, whereas DPA and AA values in both groups were similar. The
Faroese subjects were found to have a gestational duration an average of
2 days longer (p=0.3) and a corresponding higher birth weight of 140 g
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(p=0.1) compared to the Danish subjects, but these differences were not
significant. After making allowance for seven potential confounders, an
increase in duration of gestation of 5.7 days was found for each 20 percent
increase in the ratio of erythrocyte EPA and DHA to AA in the Danish
women (95% CI 1.4-10.1 days; p=0.02), but not in Faroese women (95%
CI-2.0 to 3.3; p=0.6).

Increased gestational duration has also been investigated using obser-
vational studies of women who consumed seafood in geographical loca-
tions where there was higher exposure to environmental contaminants.
Grandjean et al. (2001) examined a birth cohort from the Faroe Islands
whose mothers consumed the meat and blubber from pilot whales in ad-
dition to regional fish. In a questionnaire, the women reported that they
consumed, on average, 72 g of fish, 12 g of whale meat, and 7 g of whale
blubber per day (Grandjean et al., 2001). The estimated intake of poly-
chlorinated biphenyls (PCBs) for these women was 30 pg/g of blubber, and
of mercury was 2 ug/g of whale meat (Grandjean et al., 2001). In addition
to the increase in contaminant concentrations, there was an approximate
10-fold molar excess of selenium over mercury in serum samples from the
subjects. The concentration of EPA in the cord! serum from the infants of
Faroese subjects was strongly associated with a maternal diet rich in marine
fats. Gestational length showed a strong positive association with cord
serum DHA concentration. Each 1 percent increase in the relative DHA
concentration in cord serum phospholipids was associated with an increased
duration of 1.5 days (95% CI 0.70-2.22), supporting the hypothesis that
increased seafood intake may prolong gestation.

Lucas et al. (2004) concluded from an observational study that infants
of the Inuit in Nunavik, Canada, had 2.2-fold higher omega-3 fatty acid
(p<0.0001), 18.6-fold higher mercury (p<0.0001), 2.4-fold higher lead
(presumably related to maternal smoking as ~85 percent of pregnant Inuit
women studied smoked) (p<0.0001), and 3.6-fold higher PCB congener 153
cord blood levels (p<0.0001) compared to levels from infants in southern
Québec. Despite the association of seafood intake with environmental con-
taminants, however, the Nunavik women whose infants were in the third
compared to the first tertile of percentage of omega-3 fatty acid out of total
highly unsaturated fatty acid (HUFA) cord blood values still had a mean
5.4-day longer gestation duration (95% CI 0.7-10.1; p<0.05). This study
also showed a nonsignificant increase in mean adjusted birth weight in the
third, compared to the first, tertile among Inuit (difference = 77 g, 95% CI
-64 to 217).

!Examining the blood remaining in the umbilical cord after birth, though it is not precisely
identical to that in the infant bloodstream, provides a noninvasive way to approximate the
infant’s blood profile.
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Infants born preterm are at higher risk for neonatal complications and
developmental delay. A reduction in the incidence of preterm birth (birth at
<37 weeks) is desirable and could be associated with an increase in gestation
duration among this at-risk population. Olsen and Secher (2002) evaluated
the risk of preterm birth in relation to seafood intake in a prospective cohort
study in Denmark. A questionnaire was used to evaluate intake of seafood,
including roe, prawn, crab, and mussels, as well as fish-oil supplements,
among participants. Quantification of fish consumption and EPA/DHA
intakes was based on assumptions about the type and amount of fish re-
ported in the questionnaire. Results of the analysis were based on seafood
consumption only, since very few of the subjects took fish-oil supplements.
Among the respondents, there was a trend of decreasing incidence of low
birth weight, preterm birth, and intrauterine growth retardation with in-
creasing fish consumption and increasing mean birth weight and duration
of gestation among subjects. Women who were not smokers, primiparous
women, teenagers, and women who had low weight, short stature, and
without a high school education and cohabitant tended to fall into the low
exposure group. This group had 3.57 (95% CI 1.14-11.14) times the risk
of preterm birth and 3.60 (95% CI 1.15-11.20) times the risk of low birth
weight (<2500 g) delivery compared to women who consumed the highest
amount of seafood. This study could be interpreted to suggest that a rela-
tively low threshold intake of seafood EPA and DHA may increase gesta-
tion duration. However, Oken et al. (2004) found no relationship between
seafood EPA and DHA intake and duration of gestation or risk of preterm
birth in US women from Massachusetts.

Summary of Evidence

In summary, observational studies suggest and several experimental
studies support that EPA/DHA supplementation or higher seafood intake is
associated with an increased duration of gestation. In trials that show longer
gestation duration, the populations studied varied markedly in both baseline
EPA and DHA blood levels and in estimated amounts of EPA and DHA pro-
vided from supplements (see Appendix Table B-1c). The clinical significance
of increased duration of gestation is not clear. In general, health professionals
consider that the fetus benefits from a longer time in utero up to the point
that the fetus is >4500 g, although the advantage remains theoretical.

Development in Infants and Children

During pregnancy, AA and DHA are delivered to the fetus via the pla-
centa (Crawford et al., 1997). Hornstra et al. (1995) found that maternal
essential fatty acid status progressively declines during pregnancy. There ap-
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pears to be a greater transplacental gradient in proportions of AA and DHA
at term than midterm. Such a difference is consistent with the decline in
plasma concentration of DHA between the beginning and end of pregnancy
and suggests that the placenta is progressively depleting maternal DHA as
the fetus grows (Crawford, 2000). Although the mechanism of transport
for AA and DHA has not been elucidated, Campbell et al. (1998) proposed
and Larque et al. (2003) identified a fatty acid binding protein, p-FABPpm,
in placental tissue that showed a higher binding capacity for DHA and AA
than linoleic acid (LA) and oleic acid (OA).

Visual Acuity and Sensory-Motor Development

Because lower visual acuity was observed in rhesus monkeys with
lower brain DHA (p<0.001) (Neuringer et al., 1984), this outcome has
been the most studied in human infants relative to DHA intake. The first
experimental studies that provided DHA, AA, and EPA to preterm infants
demonstrated an increase in blood lipid content of these fatty acids as well
as increases in visual acuity (Uauy et al., 1990; Carlson et al., 1993). Sub-
sequently, DHA in cord blood and infant blood lipids has been used as an
indicator of DHA exposure of the fetus or infant.

DHA status in infants is determined using blood as a biomarker because
levels of DHA in the brain correlate with those in erythrocytes (Makrides
et al., 1994). Previous studies have identified a correlation between dietary
intake of AA, DHA, and other LCPUFAs; their respective levels in blood and
erythrocyte phospholipids; and performance on tests of visual acuity and
sensory-motor development in preterm infants (Uauy et al., 1990; Bjerve et
al., 1993; Carlson et al., 1993). Observational studies that associate higher
maternal EPA or DHA intake with higher stereoacuity or visual acuity in
their infants are discussed below. Subsequently, maternal EPA/DHA supple-
mentation or biochemical markers for their intake have been assessed as
indicators of an association between increased intake levels of EPA/DHA
and improved sensory-motor development in infants and young children.

Williams et al. (2001) observed that stereoacuity at 3.5 years of age
in a subset of 435 healthy full-term children from the Avon Longitudinal
Study of Parents and Children (ALSPAC) cohort was associated with breast-
feeding, greater maternal age, and maternal antenatal consumption of fatty
fish. After multiple logistic regression, only breastfeeding and maternal
consumption of fatty fish at least once every 2 weeks remained significant
predictors of higher stereoacuity (foveal acuity) in the children. Among
4733 women in the main ALSPAC cohort for whom both dietary intake
and red blood cell DHA percentage were available, only intake of fatty
fish was associated with higher red blood cell DHA levels, an indicator of
higher maternal DHA status. Higher maternal DHA intake is also known to
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increase human milk DHA (Jensen et al., 2005). Therefore, both variables
associated with significantly higher stereoacuity are themselves influenced
by maternal DHA intake, and both could be expected to result in increased
DHA exposure of the fetus or infant.

Innis et al. (2001) conducted a prospective observational study of
83 infants who were breastfed at least 3 months. Blood and plasma fatty
acid status were determined at 2 months; visual acuity at 2, 4, 6, and 12
months; and speech perception and object search at 9 months. Maternal
milk DHA content was measured as an indicator of maternal DHA status,
and this was linked with higher visual acuity (p<0.01) and higher ability to
discriminate nonnative retroflex and phonetic contrasts (p<0.02) in infants
at 2 months of age (see Appendix Table B-1d). Both of these tasks suggest
more mature sensory development; however, additional measures would be
required to make a definitive determination. Placement in front of the Teller
Acuity Cards (the technique employed to measure visual acuity) does not
require motor development such as head turning, but it is required on the
infants’ performance on head-turning in response to sound. Thus, associa-
tions of DHA with motor function cannot be ruled out, particularly for
the task related to hearing. Differences in cognitive development (discussed
in the next section) also cannot be ruled out as a possible explanation for
the association. However, factors that have been associated with cognitive

development in infancy include speed, attention, and memory (Jacobson et
al., 1992; Rose et al., 2004).

Cognitive Development

Cognitive developmental outcome has been assessed in a single random-
ized controlled trial in children born to women supplemented with EPA and
DHA during pregnancy (see Appendix Table B-1d). Helland et al. (2001,
2003) evaluated children whose mothers consumed 2 g/day of DHA and
EPA from cod liver oil for the last two trimesters of pregnancy compared
with children of those receiving a corn oil supplement as control and found
significantly higher Mental Processing Composite scores at 4 years of age
in the children of supplemented mothers (p=0.049). Women continued to
consume the cod-liver oil supplements or the control oil during lactation,
most of the infants were breastfed, and infants from both groups began to
receive a fish-oil supplement at ~1 month of age. The analysis of results
suggested that all of the increase in IQ at 4 years of age was attributed to
prenatal rather than postnatal exposure to EPA and DHA. The trial was
conducted in Norwegian woman, whose seafood consumption considerably
exceeds that of US women.

Auestad et al. (2001) found that breast milk DHA levels between Nor-
wegian women in the control group was 0.51 percent compared to DHA
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levels of 0.12 percent reported in breast milk of US women. Although the
results of this study suggest that provision of EPA and DHA to neonates
through supplemented formula might be greater than can be easily achieved
through the diet, other investigators have reported higher levels of DHA
in human milk than those reported by Auestad et al. (2001). Birch et al.
(1998) compared visual acuity among infants who were fed DHA- and/or
AA-supplemented formula with infants fed unsupplemented formula and
breastfed infants. In comparing the red blood cell content of DHA among
the infant groups, there was no significant difference in DHA level between
the DHA-supplemented group and the breastfed group at week 0 and at
week 52. However, there was a significant difference at week 17. In addition,
a significant difference in the red blood cell AA concentration was found
between the DHA-supplemented and breastfed groups only at week 17. As
with the findings of Auestad et al. (2001), Birch et al. found that dietary
supply of DHA is associated with optimal visual acuity.

Jensen and co-workers (2005) hypothesized that DHA supplementation
of breastfeeding women would increase the DHA content of plasma lipids
and improve visual and neuropsychological development in their infants.
Women who planned to breastfeed were randomly assigned in a double-
blinded manner to receive either a 200-mg algal DHA supplement or a
control mixture of 50:50 soy and corn oil for the first 4 postnatal months.
The results showed an increase in milk lipid and plasma phospholipid
DHA levels of 75 and 35 percent, respectively, in the DHA-supplemented
compared to control groups at 4 months. No differences were seen between
supplemented and unsupplemented groups in either developmental indexes
at 12 months or in visual acuity at 4 or 8 months. DHA-supplemented
children subsequently showed higher Bayley Psychomotor Development
scores at 30 months of age (p=0.005); and, in an earlier report, longer
sustained attention at 5 years of age (Jensen et al., 2005). These outcomes
suggest that 4 months of postnatal DHA supplementation via mother’s milk
is associated with long-term motor and cognitive development as defined
by the Bayley Psychomotor Development score in US children. Because
neither the experimental trial by Helland et al. (2003) nor that by Jensen et
al. (2005) found benefits in infancy from maternal DHA supplementation,
but both found benefits in early childhood, these trials suggest that studies
that stopped developmental follow-up in infancy may have missed benefits
to children of improving maternal omega-3 fatty acid intake. These findings
also suggest that the benefit of perinatal DHA intake may only be manifested
after a latency period.

Oken et al. (2005) in a prospective observational cohort study of preg-
nant women from Massachusetts, Project VIVA (see Box 3-1), examined
associations of maternal fish intake during pregnancy and maternal hair
mercury at delivery with infant cognition in a subset for which these data
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BOX 3-1
Longitudinal Studies of Beneficial Outcomes to Women and
Children from Seafood Consumption

Project Viva

Project Viva is a longitudinal study of women and their children, inves-
tigating the “effects of mother’s diet and other factors during pregnancy
on her health and the health of her child”

From 1999 to 2002, more than 2600 pregnant women were enrolled
from eight different Harvard Vanguard Medical Associate sites in the
greater Boston area. Participating expectant mothers completed stan-
dardized interviews (on diet, exercise, medical history, stress, societal
factors, and financial support) and provided blood samples several times
during and after their pregnancies.

Participating mothers were also asked to enroll their babies in the
study. Research assistants interviewed the mothers and measured the
newborns’ body size and blood pressure in the first few days after birth
(1703 women and 1203 newborns) and 6 months later (1266 mothers and
1210 babies). Hair samples from 210 women and umbilical cord blood
from 1022 participants were also collected at delivery, and developmental
tests were performed on the infants at 6 months of age.

At the child’s first, second, and fourth birthdays, the mothers were
sent a questionnaire asking about their child’s health, diet, and environ-
ment, and at their third birthday, research assistants measured body size
and blood pressure and performed additional developmental tests. The
mother and child were also asked for another blood sample.

The Project Viva investigators hope to follow the Viva children through-
out their lives, and are currently pursuing additional funding opportuni-
ties. The information provided here, along with updates, articles, facts,
etc., can be accessed at http://www.dacp.org/viva/index.html [accessed
November 2, 2005].

Avon Longitudinal Study of Parents and Children (ALSPAC)

“The Avon Longitudinal Study of Parents and Children (ALSPAC) also
known as ‘Children of the 90s’ is aimed at identifying ways in which to
optimize the health and development of children. The main goal is to
understand the ways in which the physical and social environments in-
teract, over time, with the genetic inheritance to affect the child’s health,
behavior and development.”

Over 14,500 pregnant women, resident in Avon, UK, were enrolled in
this study, along with almost 14,000 of their children. Throughout their
pregnancies, expectant mothers (and sometimes their partners) received
various questionnaires to identify features of the early environment
that might affect the fetus and to acquire information on the mother’s

continued
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BOX 3-1
Continued

demographic characteristics; past medical, social, and environmental
history; and attitudes, activities, and emotional well-being. Maternal blood
and urine samples were also obtained when the mothers gave routine
samples at their respective clinics.

During delivery, cord blood and umbilical cord samples were collected,
along with the placentas from births at two major hospitals. After delivery,
further questionnaires were distributed to both the mothers from 4 weeks
and throughout the next 9.5 years and to the children from 65 months
until 9.5 years of age. During these years, samples of the child’s hair and
nail clippings, primary teeth, blood, and urine were also collected. For a
complete list of topics covered on all questionnaires, see the ALSPAC
website (http://www.ich.bristol.ac.uk/protocol/section3.htm).

“ALSPAC has the long-term aim of following the children into adulthood
and thus will be set to answer questions related to prenatal and postnatal
factors associated, for example, with schizophrenia, delinquency, and
reproductive failure on the one hand, and realisation of full educational
potential, health and happiness on the other.” The information provided
here, along with updates, articles, facts, etc., can be accessed at http:/
www.ich.bristol.ac.uk/welcome/index.shtml [accessed May 30, 2006].

were available. After adjusting for participant characteristics with linear
regression, higher cognitive performance was associated with higher sea-
food intake. Each additional serving of fish per week was associated with a
4-point higher visual recognition memory (VRM) score at 6 months of age
(95% CI 1.3-6.7), although an increase of 1 ppm in mercury was associated
with a decrement in the VRM score of 7.5 (95% CI -13.7 to —-1.2). VRM
scores were highest among infants of women who consumed more than 2
servings of fish per week and had hair mercury levels less than or equal to
1.2 ppm. The study concluded that higher fish consumption was associated
with better infant cognition but higher mercury levels were associated with
lower cognition.

Daniels et al. (2004) studied a subset of 1054 children from the British
ALSPAC cohort (see Box 3-1) for associations between maternal fish intake
during pregnancy and infant development of language and communication
skills in relation to mercury exposure. This study found an association
between maternal fish intake during pregnancy and comprehension on the
MacArthur Communicative Development Inventory (MCDI) (consumption
of 1-3 or 4+ fish meals/week decreased odds of a low MCDI score, p<0.05)
and the Denver Developmental Screening Test (DDST) (consumption of 1-3
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or 4+ fish meals/week decreased odds of a low DDST score, p<0.05) at 15
and 18 months, respectively. In this cohort, mercury levels were low and not
associated with measures of neurodevelopment. Similar findings of associa-
tion between maternal DHA status and more mature attentional develop-
ment in infancy (Willatts et al., 2003b; Colombo et al., 2004) and lower
distractibility among toddlers (Colombo et al., 2004) were reported.

Some animal studies suggest that low brain DHA early in development
produces adverse effects on behavior that are not reversible even when brain
DHA content is returned to normal (Kodas et al., 2004; Levant et al., 2004).
No studies have been designed to address possible programming of develop-
ment in human infants, but the animal work suggests that timing of brain
DHA accumulation should be considered as a variable in human studies.

Sleep Patterns

Cheruku et al. (2002) investigated whether central nervous system in-
tegrity in newborns, measured with sleep recordings, was associated with
maternal DHA status. Plasma phospholipid fatty acids, including DHA,
were measured in 17 women at parturition, and infant body movement and
respiratory patterns were measured on postpartum days 1 and 2. Infants
born to mothers in the high-DHA group had significantly lower ratios of
active compared to quiet sleep patterns and less total active sleep compared
to infants of low-DHA mothers. The conclusion from this study is that
infants born to mothers with higher plasma DHA had more mature sleep
patterns (p<0.05) compared to infants of mothers with lower plasma DHA
levels (see Appendix Table B-1d).

Infant and Child Allergy

Few studies have been carried out to examine whether supplementa-
tion with fish oil is associated with reducing the inflammatory responses to
allergens. Hodge et al. (1998) assessed the clinical and biochemical effects
in asthmatic children of fish-oil supplementation and a diet that increases
omega-3 and reduces omega-6 fatty acids. Although the supplemented group
had higher plasma levels of omega-3 fatty acids and lower stimulated tumor
necrosis factor-o. production, there was no effect of the intervention on the
clinical severity of asthma in the children. Dunstan et al. (2003) examined
associations between fish-oil supplementation and levels of immune factors
(cytokines and IgE) in a randomized, double-blind, placebo-controlled trial.
No significant differences were found in interleukin (IL-13) (p=0.025) and
cytokine levels within the treatment group, except that neonates of supple-
mented mothers had significantly lower levels of IL-13. In a subset of chil-
dren from the ALSPAC cohort, Newson et al. (2004) found no relationship
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between cord and maternal red blood cell EPA/DHA and either eczema at
18 to 30 months (p>0.05) or wheezing at 30 to 42 months (p>0.05). These
findings do not provide strong support for the hypothesis that exposure
to omega-3 fatty acids from fish oil in utero or through breast milk could
decrease the incidence of wheezing and atopic disease in early childhood
(see Appendix Table B-1e).

Summary of Evidence

The strongest evidence of benefit for higher maternal seafood or EPA/
DHA intake is an increase in gestation duration, with anticipated benefits
to the newborn. Populations or subgroups within populations who have
the lowest baseline consumption of seafood may show the greatest benefit
in duration of gestation with higher EPA/DHA intake. Observational and
experimental studies offer evidence that maternal DHA intake can benefit
development of the offspring; however, there are large gaps in knowledge
that need to be filled by experimental studies.

The average EPA/DHA intake among US women is considerably below
that of most other populations in the world and the majority of the data
on benefits to infants and children from increased DHA levels comes from
populations outside the United States and/or from studies using supplemen-
tation rather than seafood consumption.

BENEFITS TO INFANTS FROM POSTNATAL SUPPLEMENTATION
THROUGH FORMULA

Although the focus of this report is seafood intake, the committee
reviewed evidence for benefits associated with DHA-supplemented infant
formulas to consider whether this data supports the previously discussed
findings on benefits associated with seafood consumption or fish-oil supple-
mentation in pregnant and lactating women. Formula-fed infants have
much lower red blood cell phospholipid DHA levels than breastfed infants
(Putnam et al., 1982; Carlson et al., 1986; Sanders and Naismith, 1979).
DHA supplementation may increase brain DHA levels and improve visual
acuity and various behavioral domains that are dependent upon brain func-
tion. Since 2002, infant formulas supplemented with DHA from algal oil
in combination with a fungal source of AA have been commercially avail-
able in the United States. Randomized clinical trials have been conducted
using a variety of sources of EPA/DHA including fish oil, tuna eye socket
oil, egg phospholipid, total egg lipids, and algal oils to test for associations
between DHA supplementation and improved developmental outcomes in
formula-fed infants.
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Visual Acuity

Studies by Carlson et al. (1993; 1996a,b; 1999) have tested the effect of
DHA-supplemented formula on infant visual acuity using the Teller Acuity
Card (TAC) procedure. The TAC procedure is subjective because it assesses
an integrated behavioral response and may be influenced by nonvisual fac-
tors such as alertness, attention, and motor control (Lauritzen et al., 2001).
Studies using the TAC procedure found significantly higher visual acuity in
the groups receiving supplemented formula; higher visual acuity was found
throughout infancy in trials that employed the sweep visual evoked poten-
tial (VEP) acuity procedure (Birch et al., 1992, p<0.025; 1998, p<0.05).
VEP measures involve placing electrodes over the visual cortex to measure
responses to different grating stimuli. This is not a subjective measure of
visual acuity and also is more sensitive at detecting the threshold of visual
acuity.

Higher VEP acuity was also found in studies on term infants that used
formulas supplemented with both DHA and AA after weaning from breast
milk (Hoffman et al., 2003, p<0.0005; Birch et al., 2002, p<0.003). Two
trials that measured VEP acuity in preterm (Bougle et al., 1999) and term
infants (Makrides et al., 2000) did not find any association between infant
visual acuity and DHA-supplemented formula. However, these studies
measured acuity using a flash of light rather than a sweep of high-contrast
bands of graded spatial frequencies.

With the exception of Bougle et al. (1999), all of the previously dis-
cussed preterm infant trials and about half of the term infant trials that
measured visual acuity have found higher visual acuity at some age. Uauy
et al. (2001) in a review and San Giovanni et al. (2000a,b) in meta-analyses
of previous studies concluded that DHA supplementation of infant formula
was beneficial to visual acuity development in both preterm and term in-
fants. A Cochrane systematic review of nine randomized controlled trials,
however, concluded that there was no association between DHA supplemen-
tation and increased visual acuity or general development in term infants
(Simmer, 2005) (see Appendix B-1f).

Cognitive and Motor Development

Many of the experimental trials that have studied postnatal DHA sup-
plementation have also measured nonvisual developmental outcomes, most
commonly global scales of development such as the Bayley Scales of Infant
Mental Development Index (MDI) and Psychomotor Developmental Index
(PDI) or a related test, Brunet-Lezine’s developmental quotient (see Appen-
dix Table B-1g). The majority of the extant published trials were reviewed by
Gibson et al. (2001) and Uauy et al. (2001). Two trials in term infants found
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higher apparent motor development in infancy with DHA supplementation,
as tested by the motor aspect of the Brunet-Lezine (p<0.05) (Agostoni et al.,
1995) or general movement assessment (p=0.032) (Bouwstra et al., 2003).
However, neither study found any benefit for movement or psychomotor
development when the infants were tested again at 18 months of age. Birch
et al. (2000) found higher (by 7 points) Bayley MDI scores at 18 months
of age in term infants who consumed a formula supplemented with DHA
and AA, compared to those who consumed the control formula (p<0.05),
whereas Lucas et al. (1999) found no benefit of DHA and AA on either the
Bayley MDI or PDI of term infants at 18 months of age.

It has been hypothesized that preterm infants may benefit more than
term infants from DHA supplementation. Fewtrell et al. (2002, 2004) found
no effect of supplementation on Bayley MDI of preterm infants in two other
larger longitudinal studies.

Among smaller studies in preterm infants, however, Clandinin et al.
(2005) in a randomized controlled trial found significant increases in
both the Bayley MDI and PDI in preterm infants given DHA- and AA-
supplemented formula (p<0.05) whereas van Wezel-Meijler et al. (2002)
did not; Carlson et al. found higher Bayley MDI but not PDI at 12 months
in only one of two preterm trial (Carlson et al., 1994, 1997).

Global tests such as the Bayley Scales of Infant Development and the
Brunet-Lezine administered in infancy may be less related to performance
on cognitive tests in childhood than more specific tests of attention and
problem-solving (Carlson and Neuringer, 1999; Jacobson, 1999). While
there is limited evidence from global tests of infant development (e.g., higher
Bayley MDI scores in properly powered trials) to conclude there may be cog-
nitive benefits of DHA supplementation for either preterm or term infants,
evidence in support of benefits associated with DHA supplementation from
specific tests in infancy that are more strongly related to several develop-
mental parameters is mixed. O’Connor et al. (2001) assessed, among other
measures, developmental outcomes in infants who received DHA- and AA-
supplemented formula compared to controls. No differences were found in
the Bayley MDI at 12 months, although the motor development index scores
were higher among the supplemented infants who weighed less than 1250
g at birth compared to the nonsupplemented controls (p=0.007). When
Spanish-speaking and twin infants were excluded from the analyses scores
for the MacArthur Communicative Development Inventories, the supple-
mented infants had higher vocabulary comprehension at 14 months (p=0.01
for the egg triglyceride/fish group; p=0.04 for the fish/fungal group).

While there is limited evidence from global tests of infant development
(e.g., higher Bayley MDI scores in properly powered trials) to conclude
there may be cognitive benefits of DHA supplementation for either pre-
term or term infants, there is collective evidence of benefits associated with
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supplementation from specific tests in infancy that are better related to
later cognitive function, e.g., higher novelty preference (O’Connor et al.,
2001, p=0.02); duration of looking (Carlson and Werkman, 1996, p<0.05;
Werkman and Carlson, 1996, p<0.05); and problem-solving (Willatts et
al., 1998a, p=0.021; 1998b, p<0.02); although, excepting Willatts et al.,
these benefits have been found in preterm infants. Infants who received the
supplemented formula had significantly more intentional solutions than in-
fants who received the control formula (median 2 vs. 0; p=0.021). Intention
scores (median 14.0 vs. 11.5; p=0.035) were also increased in this group
(Willatts et al., 1998a).

Among studies assessing postnatal DHA supplementation, Willatts et
al. (2003a) identified a long-term cognitive benefit, specifically, higher scores
and speed on the matching familiar figures test (MFFT) at school age, in
children provided DHA formula supplementation compared to unsupple-
mented formula as infants. Cognitive benefits reported at school age after
postnatal supplementation are longer sustained attention at 5 years (Jensen
et al., 2004) and higher 1Q at 4 years of age noted in children exposed to
higher DHA through maternal supplementation (Helland et al., 2003).

Language is highly associated with IQ, and studies that have assessed
some aspect of early language are included here under the general topic of
cognitive function. Scott et al. (1998) reported lower vocabulary compre-
hension (p=0.17) and production scores (p=0.027) with the MacArthur
Communicative Development Inventories in term infants supplemented
with formula containing DHA compared to control and DHA+AA formula
groups, but not the human milk group. No effects of early DHA feeding
on language were apparent at three years of age when children were tested
again (Auestad et al., 2003). In a term study supported by Ross Laborato-
ries, Auestad et al. (2001) found, in a randomized controlled trial among
term infants, significantly higher vocabulary production in those fed DHA
and AA from fish and fungal sources compared to DHA and AA from egg
triglyceride (p<0.05). Neither group differed, however, from controls on this
or any other MacArthur subscore.

At most, specific outcomes have been measured in only one or two in-
dividual trials and these have been measured at different ages. Even though
numerous developmental outcomes have been identified that collectively
suggest there are benefits associated with EPA/DHA supplementation, it is
difficult to subject the studies in total to a systematic review, because of the
differences in experimental design among the studies. The benefits of post-
natal DHA supplementation for cognitive development need further study
because of the heavy reliance on global assessments as outcomes and the
limited employment of more specific developmental outcomes. Furthermore,
the majority of trials stopped looking at development well before children
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reached school age, when more sophisticated measures of cognitive function
may be employed.

Allergy and Immunity

Reviews of the effects of fatty acid supplementation on immune func-
tion in the neonate have not provided strong support for beneficial effects
(Calder et al., 2001; Field et al., 2001) (see Appendix Table B-1h). One
human study showed positive effects of human milk and formulas contain-
ing DHA and AA compared to formulas without DHA and AA in the form
of lower CD4RO+ immune cells and IL-10 cytokine production (Field et
al., 2000). However, experimental studies of DHA-supplemented lactating
women have not found any effect of supplementation on milk cytokines
at intakes as high as 140 mg/day EPA and 600 mg/day DHA (Hawkes et
al., 2002) or 3.7 g EPA/DHA from fish oil (28 percent EPA and 56 percent
DHA) in a group selected to be at high risk for allergic disease (Denburg
et al., 2005).

Summary of Evidence

The strongest evidence of benefit for postnatal DHA supplementa-
tion in formula-fed preterm and term infants is higher visual acuity, an
outcome that has been measured repeatedly in clinical trials. In addition,
some positive effects have been found on cognitive function in infancy and
childhood in both experimental and observational studies and in relation
to both pre- and postnatal DHA intake. Reviews that take into account all
lines of evidence have concluded that omega-3 fatty acids can be beneficial
to cognitive development (Cohen et al., 2005; McCann and Ames, 2005),
whereas reviews that rely strictly on published results from experimental
trials limited to global assessments of cognitive development, e.g., the MDI,
do not offer strong support (Simmer, 2005; Simmer and Patole, 2005).

Results of some experimental trials suggest that postnatal DHA infant
formula supplementation benefits cognitive function as well. Specific be-
havioral domains such as novelty preference and duration of looking are
more related to later function than global tests of development (Carlson
and Neuringer, 1999; Jacobson, 1999). Bryan et al. (2004) and Cheatham
et al. (2006) postulate that benefits associated with postnatal infant formula
supplementation may have been underestimated as a result of the emphasis
on global tests of infant development as well as the paucity of outcomes
measured in childhood.
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Animal Studies

Results from animal studies indicate a possible role for the timing of
exposure to DHA in development. These studies testing variable levels of
brain DHA on neurotransmitters such as dopamine and serotonin (Delion
et al., 1996; de la Presa Owens and Innis, 1999; Chalon et al., 2001; Kodas
et al., 2004) and responses of these neurotransmitter systems in rodent and
pig models suggest there is a critical window for brain DHA accumulation
for some aspects of development and that behavior remains abnormal even
when brain DHA is remediated well before testing (Kodas et al., 2004;
Levant et al., 2004). These animal studies, although not the subject of this
review, provide suggestive evidence that the presence of DHA could be criti-
cal during early periods of human brain development.

BENEFITS TO CHILDREN

The few studies that exist of EPA/DHA supplementation in children
have focused on the potential for EPA/DHA to modify diseases, i.e., they
have not been designed to evaluate if DHA is needed in healthy children
after infancy for optimal neurological development or physiological func-
tion. The majority of studies in children relate to diseases and disorders that
involve brain and behavior, especially attention deficit hyperactivity disorder
(ADHD) or dyslexia, though one experimental study evaluated possible
effects of supplementation on symptoms of allergy. Few randomized trials
have been carried out to test whether EPA/DHA supplementation in chil-
dren reduced symptoms of ADHD, and there is little evidence for benefits.
Neither can any conclusions yet be drawn about the possible role of seafood
or EPA/DHA supplementation in the prevention of asthma. There is inter-
est in the clinical benefits of EPA/DHA in certain childhood diseases and it
is being actively studied, but such therapeutic interventions are beyond the
scope of this report (see Appendix Table B-1i and B-1j).

FINDINGS

1. Seafood is a nutrient-rich food that makes a positive contribution to
a healthful diet. It is a good source of protein, and relative to other protein
foods, e.g., meat, poultry, and eggs, is generally lower in saturated fatty acids
and higher in the omega-3 fatty acids EPA and DHA as well as selenium;

2. The evidence to support benefits to pregnancy outcome in females
who consume seafood or fish-oil supplements as part of their diet during
pregnancy is derived largely from observational studies. Clinical trials and
epidemiological studies have also shown an association between increased
duration of gestation and intake of seafood or fish-oil supplements. Evidence
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that the infants and children of mothers who consume seafood or EPA/DHA
supplements during pregnancy and/or lactation may have improved devel-
opmental outcomes is also supported largely by observational studies;

3. Increased EPA/DHA intake by pregnant and lactating women is as-
sociated with increased transfer to the fetus and breastfed infant.

a. A number of observational studies show a positive association
between maternal blood or breast milk DHA levels and a range of develop-
mental outcomes in infants and children.

b. Two experimental studies of maternal EPA/DHA supplementa-
tion found cognitive benefits for the children when they were 4 or 5 years
of age.

c. Because these two studies differed dramatically in timing of
EPA/DHA supplementation (pre- and postnatally or postnatally), source
(cod-liver oil or algal DHA), and amount (2 g or 200 mg EPA/DHA) and,
likely, in usual seafood intake (Norway or US residents), insufficient data
are available to define an ideal level of EPA/DHA intake from seafood in
pregnant and lactating women;

4. A large number of experimental trials have provided DHA directly
to human infants through infant formula and have found benefits for infant
and child neurological development. These trials offer the best evidence
that infants/children would benefit from increased DHA in breast milk and
increased maternal seafood intake.

a. Visual acuity has been measured in the most trials and is increased
by DHA supplementation, with preterm infants more likely to benefit than
term infants.

b. Cognitive benefits of postnatal DHA supplementation with for-
mula have also been found in infancy and early childhood. However, the
number of trials has been limited and the specific outcomes varied, preclud-
ing a systematic reviews;

5. At present there is no convincing evidence that ADHD, other behav-
ioral disorders, and asthma in children can be prevented or treated with
seafood or EPA/DHA consumption.
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Part II: Benefits for
Prevention of Adult Chronic Disease

CARDIOVASCULAR DISEASE, CARDIOVASCULAR MORTALITY,
AND ALL-CAUSE MORBIDITY AND MORTALITY

Most evidence for benefits of seafood consumption and EPA/DHA
supplementation associated with coronary heart disease (CHD) mortality
is inferred from interventional studies of populations at risk, observational
studies in the general population, and mechanistic studies. Early investiga-
tions of the association between diet and cardiovascular disease led to the
recommendations to restrict dietary fat and cholesterol as a public health
intervention to prevent CHD. However, subsequent observations suggest
a more complex association between dietary fat intake and cardiovascular
pathophysiology (Howard et al., 2006).

Cardiovascular Benefits to Specific Population Groups

Certain populations in the Mediterranean region consuming a diet
relatively high in monounsaturated fat from olive oil enjoyed some of the
lowest cardiovascular disease rates in the world. Another intriguing observa-
tion came from the comparison of Greenland Eskimo populations that had
low mortality rates from CHD compared to the mainland Danish popula-
tion, despite having a diet rich in fat (Bang et al., 1971). Bang et al. (1971)
hypothesized that genetics, lifestyle, and the high content of EPA/DHA in
the diet (which consisted primarily of fish, sea birds, seal, and whale) may
account for the low cardiovascular mortality rate observed in this popula-
tion. Plasma lipid patterns examined in this study showed that most types
of lipids were decreased compared to a Danish cohort control and Eskimos
living in Denmark (p<0.001). Remarkably, the levels of pre-f lipoprotein
(p<0.001) and, consequently, plasma triglycerides (p<0.001) were much
lower among the Greenland Eskimos than the Danish controls. As a result of
this and related studies, seafood consumption, including or even especially
of seafood rich in fat, has received increased attention as a public health
means to decrease the burden of cardiovascular disease.

Several observational studies have shown an inverse association between
seafood consumption and the risk of cardiovascular disease, most probably
due to reductions of sudden death (reviewed in Wang et al., 2006). Some
studies, however, have not found a significant association between seafood
consumption and cardiovascular disease. These discrepancies may be due to
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differences among study populations and the type, amount, or preparation
method of seafood consumed. For example, among studies reviewed, it has
been hypothesized that the benefit of greater amounts of seafood may be
more apparent in populations that have low seafood intakes and are at higher
risk for cardiovascular disease (Marckmann and Gronbaek, 1999). Although
initial studies suggested an optimal level of seafood consumption, more re-
cent analyses have brought this observation into question and have suggested
a more continuous association between seafood consumption and prevention
of cardiovascular disease (p for trend = 0.03) (He et al., 2004b).

The possible mechanisms by which seafood or EPA/DHA supplements
are cardioprotective include demonstrated antiarrhythmic, antithrombotic,
antiatherosclerotic, and anti-inflammatory effects. Ismail (2005) and Calder
(2004) linked the consumption of EPA/DHA to improved endothelial func-
tion, lower blood pressure, and lower fasting and postprandial triglyceride
concentrations. Furthermore, populations and individuals who consume
large amounts of seafood also tend to consume smaller amounts of alter-
native protein sources, such as beef, that are rich in saturated fats that are
known to increase blood cholesterol levels and to elicit a proinflammatory
state (Weisberger, 1997; Baer et al., 2004; Miller, 2005). Any one or a com-
bination of these effects may explain the association between seafood intake
and cardiovascular protection observed in some studies.

It is important to note that supplementation trials have been mostly
conducted in individuals with existing cardiovascular disease for second-
ary prevention. Therefore, these findings are relevant to the progression of
existing cardiovascular disease, but may not be relevant to the development
of new cardiovascular disease in the general population, as these two pro-
cesses may have different biological determinants. On the other hand, many
observational studies of seafood consumption have been conducted in the
general population and are relevant to primary prevention and the develop-
ment of cardiovascular disease in the first place. Again, as determinants of
cardiovascular disease development may be different from those of disease
progression, the pertinence of these observational studies to secondary
prevention is limited. These studies are, however, more informative than
supplementation studies to assess the role of seafood in a healthy diet. The
committee has tried to clearly differentiate these two types of studies and the
conclusions that can be derived from them in the discussions that follow.

Seafood or Omega-3 Fatty Acid Consumption
and Coronary Heart Disease

Randomized Controlled Trials in High Risk Populations

No randomized controlled trials have been carried out on subjects
representative of the general population, as the small expected number of
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cardiovascular events would require large and perhaps impractical sample
sizes and/or follow-up periods. In an early randomized trial of men who
had already experienced a myocardial infarction (MI), Burr et al. (1989)
reported that dietary advice, including advice to increase consumption of
seafood, was associated with a significant reduction (29 percent) in 2-year
all-cause mortality (p<0.05). An extended follow-up of these subjects,
however, did not suggest any substantial long-term survival benefit (Ness
et al., 2002). In contrast, in a separate study of male subjects over age 70
with stable angina, Burr et al. (2003) reported higher, and not lower, car-
diovascular mortality in the group assigned to receive advice to consume
seafood or n-3 fatty acid supplements (p=0.02). The reports by Burr et al.
(2003) and Ness et al. (2002) seemed to some researchers a serious challenge
to the idea that patients with coronary artery disease (CAD) and those at
increased risk for heart disease should be advised to increase consumption
of seafood rich in EPA/DHA or to take fish-o0il supplements (Marckmann,
2003). A more detailed review of the literature considered by the committee
is provided in Appendix B-2.

The Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Mio-
cardico (GISSI-Prevenzione) trial (GISSI Prevenzione Investigators, 1999)
examined associations between dietary supplementation with EPA/DHA
from fish oil, vitamin E, or combined treatment, and incidence of a second
MI. From October 1993 to September 1995, 11,324 Italian patients surviv-
ing recent (< 3 months) MI were randomly assigned supplements of EPA/
DHA (1 g daily, n=2836), vitamin E (300 mg daily, n=2830), both (n=2830),
or none (control, n=2828) for 3.5 years. The primary combined efficacy
measurement endpoints of death, nonfatal MI, and nonfatal stroke were
significantly reduced by EPA/DHA treatment; the relative risk reduction
(RRR) was 15 percent for death, nonfatal MI, or nonfatal stroke (RR=0.835;
95% CI 0.74-0.98). Intention-to-treat analyses were done according to a
(two-way) factorial design and by a (four-way) treatment group.

Results showed that EPA/DHA, but not vitamin E supplementation, sig-
nificantly reduced risk of death, nonfatal MI, and nonfatal stroke (RR=0.90,
95% CI 0.82-0.99, two-way analysis; RR=0.85, 95% CI 0.74-0.98, four-
way analysis). A decrease was found in the risk of all-cause mortality (14
percent [95% CI 3-24] two-way, 20 percent [95% CI 6-33] four-way) and
cardiovascular death (17 percent [95% CI 3-29] two-way, 30 percent [95%
CI 13-44] four-way). There was no significant effect between the combined
treatment and EPA/DHA for the primary endpoints listed above. This study
showed that dietary supplementation with fish oil as a source of EPA/DHA
led to a statistically significant benefit in people with a history of MI; how-
ever, effects on fatal cardiovascular events require further exploration.

The percentage of patients who experienced at least one cardiac event
(cardiac death, resuscitation, recurrent MI, or unstable angina) was 28 in
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the EPA/DHA group and 24 in the corn oil (control) group. There was no
significant difference in prognosis between the groups for either single or
combined cardiac events. Total cholesterol concentrations decreased in both
groups, although intergroup differences were not significant. On average,
high density lipoprotein (HDL) cholesterol increased by 1.1 percent in the
EPA/DHA group and by 0.55 percent in the corn oil group (p=0.0016) per
month. In the same time period, triacylglycerol concentrations decreased by
1.3 percent in the EPA/DHA group, whereas they increased by 0.35 percent
in the corn oil group per month (p<0.0001). Thus, no clear clinical benefit
of a high-dose concentrate of EPA/DHA acids compared with corn oil was
shown, despite a favorable effect on serum lipids.

In addition to the randomized clinical trials described above, another
commonly cited study in support of the benefits of fish oil consumption
comes from the Indian Study on Infarct Survival. This was reported by
Singh et al. (1997) as a randomized, placebo-controlled study of 360 Indian
patients enrolled within 1 day after MI into one of three groups: a group
receiving fish oil (1.08 g/day EPA and 0.72 g/day DHA), a group receiving
mustard seed oil (20.0 g/day, ALA content 2.9 g/day), and a placebo (con-
trol) group receiving aluminum hydroxide (100 mg/day). The combined
primary end point was total cardiac events (sudden cardiac death plus total
cardiac deaths plus nonfatal reinfarction). According to the authors, the fish
oil group had a 30 percent lower risk in total cardiac events after 1 year,
compared to the placebo group (RR=0.70; 95% CI 0.29-0.90). However,
serious concerns have been raised about the performance and conclusions
of this trial and other related publications from this investigator (White,
2005; Al-Marzouki et al., 2005) and therefore, based on these caveats, the
evidence in support of EPA/DHA consumption should be considered after
exclusion of this widely used report.

Taken together, these randomized trials showed conflicting results for
an effect of EPA/DHA on cardiovascular events and no long-term protective
effect of seafood intake in subjects with a previous history of CHD. These
findings are consistent with a systematic Cochrane review that concluded
that “It is not clear that dietary or supplemental omega-3 fats alter total
mortality, combined cardiovascular events, or cancers in people with, or at
high risk of, cardiovascular disease or in the general population” (Hooper
et al., 2005) and with the more recent work of Hooper et al. (2006).

Observational Studies of Seafood or EPA/IDHA Intake in the General
Population

Several studies have addressed a possible association of seafood or EPA/
DHA intake with cardiovascular deaths or events in the general population,
including individuals with a previous history of CHD. Whelton et al. (2004)
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conducted a meta-analysis of observational studies to determine if seafood
consumption was associated with lower fatal and total CHD in people
with and without a history of heart disease. The analysis included English-
language articles published before May 2003. A total of 19 observational
studies (14 cohort and 5 case-control) met the prestated inclusion criteria
that the studies were conducted in adult humans, used an observational
case-control or cohort design, compared a group that consumed seafood
regularly with one that did not, used CHD as an outcome, and reported an
association as a relative risk (RR), hazard ratio (HR), or odds ratio (OR)
of CHD by category of seafood consumption. A random effects model was
used to pool data from each study. The analysis found that regular fish con-
sumption compared to little to no fish consumption was associated with a
relative risk of 0.83 (95% CI 0.76-0.90; p<0.005) for fatal CHD and 0.86
(95% CI0.81-0.92; p<0.005) for total CHD.

He et al. (2004b) also examined associations between seafood consump-
tion and CHD mortality in people with or without a history of heart disease
using a meta-analysis design. A database was developed based on 11 eligible
studies that included 13 cohorts consisting of a total of 222,364 individuals
and an average follow-up of 11.8 years. Pooled RR and 95 percent CI for
CHD mortality were calculated by using both fixed-effect and random-effect
models. Possible dose-response relationships were assessed using a linear
regression analysis of the log RR weighted by the inverse of variance. The
results of the analysis found a consistent inverse association between sea-
food consumption and CHD mortality rates and suggested a dose-response
association. The pooled multivariate RRs for CHD mortality, compared to
seafood intake less than once per month, were 0.89 (95% CI 0.79-1.01) for
seafood intake one to three times per month, 0.85 (95% CI 0.76-0.96) for
once per week, 0.77 (95% CI 0.66-0.89) for two to four times per week,
and 0.62 (95% CI 0.46-0.82) for five or more times per week.

Each 20 g/day increase in seafood intake lowered the risk of CHD mor-
tality by 7 percent (p for trend = 0.03). These results indicate that mortality
from CHD may be significantly reduced by eating seafood as infrequently
as once per week, with increasing benefit with increasing intake. This
meta-analysis does not provide subgroup analyses and does not include
case-control studies.

The most recent meta-analysis by Konig et al. (2005) provides another
quantitative assessment of the association between seafood consumption
and CHD. In this meta-analysis, all studies identified of primary prevention,
i.e., incidence of CHD in people without a history of CHD, were observa-
tional studies that assessed seafood intake, while all studies of secondary
prevention, i.e., in people with a history of CHD, were randomized trials
using EPA/DHA supplements at doses difficult to achieve with seafood
consumption. The authors of this meta-analysis were able to provide a
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quantitative assessment of the association of seafood consumption with
CHD mortality and nonfatal MI in people without a history of CHD, but
concluded that insufficient evidence supported a quantitative assessment
of seafood consumption for secondary prevention. From this study, it was
estimated that, compared to not eating seafood, eating a small amount of
seafood—as little as half a serving per week—was associated with a reduc-
tion in risk of cardiovascular death of 17 percent (95% CI 8.8-25.0) and a
reduction in risk of nonfatal MI of 27 percent (95% CI 21-34). Each ad-
ditional weekly serving of seafood was associated with a further decrease
in the risk of cardiovascular death of 3.9 percent (95% CI 1.1-6.6), but no
additional benefit was statistically significant for the risk of nonfatal MI.
The Agency for Healthcare Research and Quality (AHRQ) reviews are sys-
tematic reviews that synthesize observational and experimental studies in
a qualitative way (see Appendix B). The conclusions of the AHRQ reviews
are also based on intervention studies in groups at risk. In contrast, the
studies by Whelton et al., He et al., and Konig et al. are meta-analyses that
quantitatively combined observational studies. Meta-analyses are usually
considered stronger evidence than systematic reviews.

Taken together, these meta-analyses of observational studies suggest a
negative association between seafood consumption and CHD or death, par-
ticularly in individuals without a prior history of CHD. Recent data suggest
that even small amounts of seafood consumption may be associated with
a decreased risk for CHD or death (Schmidt et al., 2005a,b). These results
should, however, be interpreted with caution, as they are based on observa-
tional studies and are thus subject to residual confounding. In other words,
based on observational studies only, it is difficult to exclude the possibility
that seafood intake may just be a marker for healthier lifestyle, and that no
causal association exists between seafood consumption and cardiovascular
protection (see Appendix Tables B-2a and B-2b).

Stroke

The only reported studies of the association between seafood consump-
tion and stroke have been observational (see Appendix Table B-2b). He et al.
(2004a) quantitatively assessed the relationship between seafood consump-
tion and risk of stroke using a meta-analysis of nine cohorts from eight
studies. Pooled RR and 95 percent CI of risk for stroke were estimated by
variance-based meta-analysis. These results demonstrated that consumption
of seafood was inversely related to stroke risk, particularly ischemic stroke.
Even infrequent seafood consumption (as seldom as 1 to 3 times per month)
may be protective against the incidence of ischemic stroke compared to sea-
food consumption less than once per month. The pooled RRs for all stroke,
compared to individuals who consumed seafood less than once a month,
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were 0.91 (95% CI 0.79-1.06) for individuals with seafood intake one to
three times/month, 0.87 (95% CI 0.77-0.98) for once/week, 0.82 (95% CI
0.72-0.94) for two to four times/week; and 0.69 (95% CI 0.54-0.88) for
five or more times/week (p for trend = 0.06).

Three large cohort studies with data on stroke subtypes were used in
a stratified meta-analysis to determine pooled RRs across five categories of
seafood intake for ischemic stroke. Compared to individuals who consumed
seafood less than once a month, the RRs were 0.69 (95% CI 0.48-0.99)
for individuals with seafood intake one to three times/month, 0.68 (95%
CI 0.52-0.88) for once/week, 0.66 (95% CI 0.51-0.87) for two to four
times/week; and 0.65 (95% CI 0.46-0.93) for five or more times/week (p
for trend = 0.24) (He et al., 2004a).

For hemorrhagic stroke, compared to individuals who consumed sea-
food less than once a month, the RRs were 1.47 (95% CI 0.81-2.69) for
individuals with seafood intake one to three times/month, 1.21 (95% CI
0.78-1.85) for once/week, 0.89 (95% CI 0.56-1.40) for two to four times/
week, and 0.80 (95% CI 0.44-1.47) for five or more times/week (p for
trend = 0.31) (He et al., 2004a). In a separate recent meta-analysis, Bouzan
et al. (2005) quantified the association of seafood consumption with stroke
risk, based on five cohort studies and one case-control study. Although a
decrease of 12 percent in the risk of both ischemic and hemorrhagic strokes
was observed with a small amount of seafood consumption compared to no
seafood consumption, this result was not statistically significant (95%CI:
increased risk of 1 percent to decreased risk of 25 percent). Furthermore,
there was no evidence for further decrease in the risk of strokes with in-
creasing seafood intake above a small amount: 2 percent decrease in risk
per serving per week (95%CI: increased risk of 2.7 percent to decreased
risk of 6.6 percent).

Skerrett and Hannekens (2003) reviewed ecologic/cross-sectional and
case-control studies of associations between consumption of seafood or
EPA/DHA and stroke risk. Five prospective studies showed inconsistent
results: no association, a possible inverse association, and three significant
inverse associations. In the most recent Nurses’ Health Study, the relative
risk for total stroke was somewhat lower among women who regularly ate
seafood compared to those who did not, although there was no significant
difference. After adjusting for age, smoking, and other cardiovascular risk
factors, a significant decrease in the risk for thrombotic stroke was observed
among women who ate seafood at least two times per week compared with
those who ate seafood less than once per month (RR=0.49; 95% CI 0.26-
0.93). The decrease observed among women in the highest quintile of EPA/
DHA intake was not significant nor was an association observed between
consumption of seafood or fish oil and hemorrhagic stroke.

Data from Mozaffarian et al. (2005) suggest that the type of seafood
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meal may be an influential variable. Mozaffarian and collaborators inves-
tigated the association between seafood consumption and stroke risk in
the Cardiovascular Health Study, an older population in whom the disease
burden is high. Dietary intakes were assessed in 4775 adults aged >65 years
(range, 65-98 years) and free of known cerebrovascular disease at baseline
in 1989-1990 using a food frequency questionnaire. In a subset of this
population, consumption of tuna or other broiled or baked seafood, but
not fried seafood or fish sandwiches (fish burgers), correlated with plasma
phospholipid long-chain omega-3 fatty acid levels. During 12 years of
follow-up, participants experienced 626 incident strokes, of which 529 were
ischemic strokes. Tuna/other seafood consumption was associated with a
27 percent lower risk of ischemic stroke when consumed one to four times
per week (HR=0.73; 95% CI 0.55-0.98), and with a 30 percent lower risk
when consumed five or more times per week (HR=0.70, 95% CI 0.50-0.99)
compared with consumption of less than once per month.

Conversely, consumption of fried fish/fish sandwiches was associated
with a 44 percent higher risk of ischemic stroke when consumed once per
week compared with less than once per month (HR=1.44; 95% CI 1.12-
1.85). Seafood consumption was not associated with hemorrhagic stroke.
Consumption of tuna or other broiled or baked seafood was associated with
lower risk of ischemic stroke while intake of fried seafood/fish sandwiches
was associated with higher risk among elderly individuals.

Taken together, these observational studies provided inconclusive results
for an association between seafood intake and stroke. These results suggest
that seafood consumption may influence stroke risk; however, identification
of mechanisms or alternate explanations for the results requires further
study. The type of seafood meal, particularly the method of preparation,
is not recorded in most observational studies but may be a major effect
modifier.

Lipid Profiles

The effects of seafood or EPA/DHA on serum lipid profiles have been
extensively studied to determine if intake influences indicators of cardiovas-
cular disease risk (see Appendix Table B-2¢). In AHRQ Evidence Report/
Technology Assessment No. 93 (2004), Balk et al. showed that with few
exceptions, serum triglyceride levels were found to decrease with increas-
ing intake of EPA/DHA, and this change was statistically and biologically
significant. Moreover, the effect appears to be dose-dependent regardless of
the EPA/DHA source. Most of the studies reviewed reported net decreases
of approximately 10-33 percent in triglyceride levels. Effects were dose-
dependent among subjects that were healthy, had cardiovascular disease, or
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were at increased risk for cardiovascular disease or dyslipidemia, and were
greatest among subjects who had higher mean baseline triglyceride levels.

EPA/DHA intake was only weakly associated with levels of other serum
lipids, including total, high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) cholesterol and lipoprotein (a) (Lp(a)). Balk et al. (2004)
reviewed 65 randomized controlled trials and found a wide range of effects
of EPA/DHA on total cholesterol. Most studies achieved a small net effect
and the trend was towards increased total cholesterol; however, the direc-
tion of the effect was not consistent across studies. For example, two studies
(Hanninen et al., 1989; Mori et al., 1994) used seafood-based diets as
part of the intervention protocol, and neither of them reported significant
effects of seafood consumption on total cholesterol levels. Further, Mori et
al. (1994) found that LDL cholesterol levels were not changed in subjects
consuming EPA/DHA-enriched diets. No significant differences were found
in men who consumed various doses of EPA and DHA either from seafood
or fish oil.

Balk et al. (2004) reviewed 19 reports of effects of EPA/DHA on HDL
cholesterol. Most studies reported small increases in HDL cholesterol, and
in about one-third of the studies, the effects were statistically significant.
One study conducted in men using intervention with a seafood-enriched
diet (Mori et al., 1994) found no difference among those consuming vari-
ous doses of EPA and DHA either as supplements or from seafood in a diet
regimen. In a randomized controlled trial, Vandongen et al. (1993) found
that the effect of EPA/DHA on HDL cholesterol was independent of the
source of the EPA/DHA.

Consistent effects of EPA/DHA on Lp(a) levels have not been found
(Balk et al., 2004). In approximately one-third of the 14 studies reviewed,
EPA/DHA intakes were associated with a net increase in Lp(a) compared
to controls. In the remaining studies reviewed, the net decrease in Lp(a)
level was generally small and nonsignificant. Only two studies (Eritsland
et al., 1995; Luo et al., 1998) reported a statistically significant difference
between the effect of EPA/DHA intake and control. Both found a net de-
crease in Lp(a) (p=0.023; only for those with a baseline Lp(a) of 220 mg
d/l). However, the large interindividual variability in Lp(a) levels resulted in
wide confidence intervals in all studies reviewed by Balk et al. (2004). One
study examined a diet enriched with seafood, but found no significant effect
on Lp(a) levels (Schaefer et al., 1996).

Blood Pressure

Increased consumption of seafood is one of several dietary recommen-
dations in studies examining dietary effects on blood pressure. Thus, the
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effect of EPA/DHA from seafood is difficult to isolate from benefits provided
by other dietary changes.

Randomized Controlled Trials

The effect of fish-oil supplementation has been studied in a meta-
analysis of experimental studies (Geleijnse et al., 2002). The overall results
of 36 trials examined indicate that the mean adjusted net reduction in sys-
tolic and diastolic blood pressure was =2.1 mmHg (95% CI -3.2 to -1.0),
and -1.6 mmHg (95% CI -2.2 to -1.0), respectively. Moreover, systolic and
diastolic blood pressure reductions were significantly greater in older (mean
age 245 years) than younger populations, and in hypertensive (blood pres-
sure 2140/90 mmHg) compared to normotensive populations. Inconsistent
results among studies in women precluded adequate analysis based on sex.
Body mass index, trial duration, and seafood dose did not affect the blood
pressure response noted with fish-oil supplementation. Studies conducted in
diabetic patients were not included in the meta-analysis. The review by Balk
et al. (2004) found only small and inconsistent net effects of EPA/DHA on
blood pressure levels of diabetic patients.

A single RCT with advice to increase seafood intake has been reported.
The Diet and Reinfarction Trial (DART) examined the effect of advice to
consume seafood on blood pressure outcomes at 6 and 24 months in over
2000 men with a history of MI (Ness et al., 1999). The average intake of
the group advised to consume fish was 330 mg of EPA compared to 100 mg
in the control group. There were no significant differences in blood pressure
detected between the groups at either 6 or 24 months.

Observational Studies

Appleby et al. (2002) examined the effect of diet and lifestyle factors
on differences between meat eaters, seafood eaters, vegetarians, and vegans
on the prevalence of self-reported hypertension, and mean systolic and dia-
stolic blood pressure. Data for the analysis was obtained from the Oxford
cohort of the European Prospective Investigation into Cancer and Nutrition
(EPIC-Oxford). More than 11,000 adult men and women were classified
into the four diet groups for analysis. Results showed that age-adjusted
prevalence of self-reported hypertension in men was 15 percent in meat
eaters, 9.8 percent in both seafood eaters and vegetarians, and 5.8 percent
in vegans. In women, the prevalence was 12.1, 9.6, 8.9, and 7.7 percent in
the respective diet groups. After adjustment for body mass index (BMI), the
group differences decreased in both men and women. When seafood eaters
were compared to vegetarians, no benefit was seen that could be attributed
to seafood consumption per se.
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Dewalilly et al. (2001) examined the relationship between plasma phos-
pholipid concentrations of EPA/DHA and various cardiovascular disease
risk factors among the Inuit of Nunavik, Canada, whose traditional high-
seafood diet contains very large amounts of EPA/DHA. Over 400 Inuit
adults participated in a health survey that included home interviews and
clinical visits. Plasma samples were obtained from participants and analyzed
for phospholipid fatty acid composition. No association was found between
phospholipid content of EPA/DHA and blood pressure in this population
of high seafood consumers.

It is unclear from these studies whether seafood consumption, in the
range consumed by most Americans, is an effective means to reduce blood
pressure (see Appendix Table B-2d). Further, it is not known if the associa-
tion between EPA/DHA consumption and blood pressure is linear or if there
is a threshold below which no benefit is detectable.

Arrhythmia

Leaf et al. (2003) reviewed studies of prevention of arrhythmic deaths
correlated with EPA/DHA intake, summarizing clinical evidence for the
antiarrhythmic effect of EPA/DHA and reviewing possible mechanisms of
action through modulation of ion channels in cardiomyocytes. Based on the
evidence from human and experimental data (see Appendix B-2e) the au-
thors suggest that in the presence of family history of sudden cardiac death,
supplementation with EPA and DHA should be of 1 to 2 grams/day.

Christensen et al. (1999) examined the effect of EPA/DHA on heart rate
variability in healthy subjects by randomized controlled trial. Treatment
groups received either low- or high-dose EPA/DHA from fish-oil supple-
ments and control groups received olive oil for 12 weeks. No significant
effect of the fish-oil supplements was found on heart rate variability. In an
earlier study, Christensen et al. (1996) examined the effect of EPA/DHA
supplementation on subjects who had a recent MI and found significant
improvement in heart rate variability among the fish-oil supplemented group
(p=0.04); however, when those subjects were segregated by level of seafood
consumption (Christensen, 1997), the groups who consumed one or more
seafood meals per week had somewhat higher heart rate variability that was
not statistically significant.

More recently, Frost and Vestergaard (2005) examined the association
between consumption of EPA/DHA from fish and risk of atrial fibrillation
or flutter on the prospective cohort study of 47,949 participants (mean age:
56 years) in the Danish Diet, Cancer, and Health Study. During a follow-up
of 5.7 years, atrial fibrillation or flutter had developed in 556 subjects (374
men and 182 women). Using the lowest quintile of omega-3 fatty acid intake
from fish as a reference, the unadjusted hazard rate ratios in quintiles 2-5
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were 0.93 (95% CI 0.70-1.23), 1.11 (95% CI 0.85-1.46), 1.10 (95% CI
0.84-1.45), and 1.44 (95% CI 1.12-1.86), respectively (p for trend=0.001).
The corresponding adjusted hazard rate ratios were 0.86 (95% CI 0.65-
1.15), 1.08 (95% CI 0.82-1.42), 1.01 (95% CI 0.77-1.34), and 1.34 (95%
CI 1.02-1.76) (p for trend = 0.006). In conclusion, there was no association
between n-3 fatty acid intake from fish and a reduction in risk of atrial fibril-
lation or flutter. Surprisingly, the risk was significantly higher at increased
EPA/DHA intake. The authors, however, were unable to exclude the pos-
sibility of residual confounding caused by a lack of information on intake
of fish-oil supplements.

Other Cardiovascular Indicators
Fibrinogen

Balk et al. (2004) found no consistent effect of EPA/DHA on fibrinogen
levels, and the studies reviewed were equally divided among those showing
increases, no change, or decreases in fibrinogen levels compared to controls.
Most of the study results were not significant. However, for those that
did show statistically significant differences between omega-3 treatment
and controls, three showed decreases ranging from 5-20 percent, and one
showed an increase of 11 percent in fibrinogen levels. Cobiac et al. (1991)
reported that seafood consumption may be associated with a small decrease
in fibrinogen level (change = 0.15+0.12), which was significantly different
than the change in the controls (p<0.05). Overall, however, no significant
differences in effect of EPA/DHA on fibrinogen level have been shown (see
Appendix Table B-2f).

Clotting Factors

Most studies reviewed by Balk et al. (2004) found a net decrease in
von Willebrand factor with increased EPA/DHA intake. However, only one
study reported statistical significance in the association. None of the studies
reviewed examined the effects of regular consumption of seafood meals on
von Willebrand factor levels.

Other clotting factors were also reviewed by Balk et al. (2004). Factor
VII showed no consistency in effects across studies, with equal numbers of
subjects reporting increases and decreases of factor VII activity in relation to
EPA/DHA intake. Agren et al. (1997) reported that the effects of EPA/DHA
levels from seafood consumption were not significant and were similar to
those observed for fish-oil supplementation and an algal source of DHA oil
supplementation in the same study. Findings from studies on EPA/DHA on
factor VIII are similar to those for factor VII with some studies showing
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a net increase and others a net decrease. None of the studies investigated
specify the effect of increased seafood consumption on factor VIII levels
(Balk et al., 2004) (see Appendix Table B-2f).

Platelet Aggregation

Platelet aggregation is a very complex measurement, depending on the
aggregating agent, the dose of the agent, and the measurement metric used.
As a result, findings of studies on the effects of EPA/DHA on platelet aggre-
gation are inconsistent and difficult to interpret (Balk et al., 2004). Agren et
al. (1997) examined the effects of a seafood-based diet, fish-oil supplementa-
tion, and algal DHA oil on platelet aggregation and showed that collagen
aggregation was reduced more in subjects on both the seafood diet and
fish-0il supplementation regimens, but not the algal DHA oil treatment,
compared to the controls (p<0.05). No significant association was found
for EPA/DHA impairment of platelet aggregation, although algal DHA oil
is less potent than either fish oil or seafood (which are sources of both EPA
and DHA) (see Appendix Table B-2f).

Indicators of Glucose Tolerance in Diabetes

Although EPA/DHA consumption has been shown to improve lipid
profiles and other indicators of cardiovascular risk in those with type II
diabetes, there is currently no evidence that intakes of 2—-4 g/day of EPA/
DHA can improve glycemic control (Grundt et al., 1995; Sirtori et al., 1998;
Kesavulu et al., 2002). Consistent with this finding, a review (Balk et al.,
2004) concluded that there was no clear evidence that EPA/DHA had an
effect on moderating glucose tolerance or hemoglobin A,_ levels, fasting
blood sugar, and fasting insulin levels (see Appendix Table B-2g).

Allergy and Asthma

The Nurses” Health Study’s prospective cohort was evaluated by Troisi
et al. (1995) for a possible association of risk for adult-onset asthma and
frequency of intake of various types of food. A semi-quantitative food
frequency questionnaire was employed to index food intake over the previ-
ous year (e.g., “dark meat” seafood vs. other seafood). Over 1200 cases of
adult-onset asthma were identified. Data from this study showed that the
6-year risk of adult-onset asthma was unrelated to the frequency of intake
of dark meat seafood, tuna, or shrimp. This nonsignificant association was
maintained when results were adjusted for age and smoking status, and also
when other factors (body mass index, residential area, number of physician
visits, and energy intake) were adjusted for (see Appendix Table B-2h; see
also Schachter et al., 2004, AHRQ Report No. 91).
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Cancer

The biological functions associated with consumption of omega-3 fatty
acids suggest that it may have some impact on cancer risk (Larsson, 2004).
Available evidence comes primarily from observational studies rather than
randomized controlled trials (Terry, 2003; MacLean, 2006) (see Appendix
Table B-2i; see also MacLean et al., 2005b, AHRQ Report No. 113). A small
number of these studies show some protection for certain types of cancer
(i.e., breast, colorectal, and lung), whereas others support an increase in
risk (e.g., breast). The majority of the studies, however, conclude there is no
significant effect on risk for cancer associated with seafood consumption or
intake of other sources of EPA/DHA. Overall, the consumption of seafood,
ALA, or EPA/DHA from all sources does not appear to decrease cancer risk
(MacLean, 2006).

Aging and Other Neurological Outcomes

Consumption of EPA/DHA, specifically from seafood consumption,
may provide some protection in terms of age-related cognitive decline as
well as risk for Alzheimer’s and other neurological diseases (Kalmijn et al.,
1997; Gharirian et al., 1998; Barberger-Gateau et al., 2002; Morris et al.,
2003). It should be noted that, as discussed above for cancer, evidence for
reduced risk for these diseases comes primarily from observational studies.
The beneficial effects appear to be more closely related to the consumption
of seafood and/or global intake of DHA rather than EPA or ALA. Overall,
the evidence is tenuous and counterbalanced by a number of studies that
did not find significant benefits (see Appendix Table B-2j; see also MacLean
et al., 2005a, AHRQ Report No. 114).

Summary of Evidence

Results from individual studies are not consistent and results from
critical reviews are not clearly supportive of a cardioprotective effect of
EPA/DHA. Furthermore, evidence for an effect on other adult chronic dis-
ease is controversial. Tables that summarize the committee’s assessment of
levels of evidence and reports from individual studies are shown in Table 3-2
and Appendix Tables B-1 through B-2. The level of evidence identified as
“Contradictory or insufficient evidence to base recommendations” includes
outcomes where a large body of literature exist, but leads to contradic-
tory conclusions, as well as outcomes where the body of literature is too
small to lead to recommendations. The committee’s assessment of level of
evidence summarized in Table 3-2 has its limitations. The Oxford Centre
for Evidence-based Medicine’s levels of evidence may not be ideal to assess
nutrition studies. The quality of the various studies cannot be summarized
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TABLE 3-2 Level of Evidence for Benefits of Increasing Seafood or EPA/
DHA Intake in the General Population? and Specific Subgroups Reviewed

Level of Evidence? Higher Seafood Intake  Increase in EPA/DHA Intake
la Meta-analyses ® Blood pressure
of randomized e Triglyceride levels
controlled trials e Infant neurological development

1b Randomized
controlled trial(s)

Gestational duration

Mortality and cardiovascular
events in people with a history of
MI

Infant neurological development

2a/3a  Meta-analyses of e Cardiovascular
observational studies mortality and events

2b Cobhort study(ies) e Fetal neurological
development
Gestational duration
Postpartum
depression in women

3b Case-control
study(ies)
Cross-sectional
study(ies)
Contradictory ¢ Blood pressure e Cardiovascular mortality and
evidence or e Stroke events
insufficient evidence ~ ® Allergy and asthma o Arrhythmia
on which to base e Cancer e Cancer
recommendations o Alzheimer’s disease e Alzheimer’s disease
e Glycemic control in ¢ Glycemic control in type I
type II diabetes diabetes
e Allergy and asthma
e Preeclampsia

Postpartum depression
e HDL, LDL, Lp(a) levels

7Unless otherwise noted.

bThe level of evidence is based on the Oxford Centre for Evidence-based Medicine’s Levels
of Evidence (http://www.cebm.net/levels_of_evidence.asp#top). When several levels of evidence
existed, only the highest level of evidence was reported.

using this approach, but is described in more detail in the preceding discus-
sions. Furthermore, the committee’s selection of studies reflects its subjective
assessment of quality and importance, and is therefore subject to limitations.
Only the highest level of evidence is provided in the table, and studies with
a lower level of evidence are omitted. For an alternative approach to the
assessment and synthesis of evidence, refer to the recent and comprehensive
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AHRQ systematic reviews addressing these questions (Balk et al., 2004,
AHRQ Report No. 93; Jordan et al., 2004, AHRQ Report No. 92; MacLean
et al., 2004, AHRQ Report No. 89; Schachter et al., 2004, AHRQ Report
No. 91; Wang et al., 2004, AHRQ Report No. 94; MacLean et al., 2005b,
AHRQ Report No. 113; MacLean et al., 2005a, AHRQ Report No. 114.)

FINDINGS

1. Observational evidence suggests that increased seafood consumption
is associated with a decreased risk of cardiovascular deaths and cardiovascu-
lar events in the general population. Evidence is insufficient to assess if this
association is mediated through an increase in EPA and DHA consumption
and/or a decrease in saturated fat consumption and/or other correlates of
seafood consumption.

2. Experimental studies of the effect of EPA/DHA supplements on car-
diovascular mortality or cardiovascular disease have not been conducted in
the general population.

3. There is mixed evidence suggesting that consumption of fish-oil sup-
plements for individuals with a history of MI will protect them from further
coronary events. Meta-analyses have also led to mixed conclusions, with
most recent analyses suggesting no benefits. Experimental evidence from in
vitro and other types of mechanistic studies suggests that EPA/DHA intake
should be associated with positive cardiovascular outcomes. However, this
prediction has not been borne out in results of human studies.

4. In the general population, the effect from increased seafood consump-
tion on the lipid profile is unclear. However, experimental studies of EPA/
DHA supplementation at levels >1 g per day showed decreased triglyceride
levels; the effect on other components of the lipid profile is less clear.

5. Evidence is inconsistent for protection against further cardiovascular
events in individuals with a history of myocardial infarction from con-
sumption of EPA/DHA-containing seafood or fish-oil supplements. The
protection evidenced by population (observational) studies has not been
consistently observed in randomized clinical trials.

6. Evidence for a benefit associated with seafood consumption or fish-
oil supplements on blood pressure, stroke, cancer, asthma, type II diabetes,
or Alzheimer’s disease is inconclusive. Whereas observational studies have
suggested a protective role of EPA/DHA for each of these diseases, sup-
portive evidence from randomized clinical trials is either nonexistent or
inconclusive.

7. Based on the three recent meta-analyses of observational studies
(Table 3-2), there appears to be a linear association between seafood con-
sumption and primary prevention of cardiovascular disease; the committee
did not find strong scientific evidence to suggest a threshold of consumption,
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such as two servings per week, below which seafood consumption provides
no benefit and above which increasing consumption provides no additional
benefits.

RECOMMENDATIONS

Recommendation 1: Dietary advice to the general population from
federal agencies should emphasize that seafood is a component of a healthy
diet, particularly as it can displace other protein sources higher in saturated
fat. Seafood can favorably substitute for other high biologic value protein
sources while often improving the overall nutrient profile of the diet.

Recommendation 2: Although advice from federal agencies should also
support inclusion of seafood in the diets of pregnant females or those who
may become pregnant, any consumption advice should stay within federal
advisories for specific seafood types and state advisories for locally caught

fish.

RESEARCH RECOMMENDATIONS

Pregnant and Lactating Women

Recommendation 1: Better data are needed to determine if outcomes
of increasing consumption of seafood or increasing EPA/DHA intake levels
in US women would be comparable to outcomes of populations in other
countries. Such studies should be encouraged to include populations of high
fish-consumers outside the United States to determine if there are differences
in risks for these populations compared to US populations.

Recommendation 2: Dose-response studies of EPA/DHA in pregnant
and lactating women are needed. This information will help determine if
higher intakes can further increase gestation duration, reduce premature
births, and benefit infant development. Other studies should include assess-
ing whether DHA alone can act independently of EPA to increase duration
of gestation.

Infants and Toddlers

Recommendation 3: Research is needed to determine if cognitive and
developmental outcomes in infants are correlated with performance later in

childhood. This should include:

e Evaluating preschool and school-age children exposed to EPA/
DHA in utero and postnatally, at ages beginning around 4 years
when executive function is more developed, and;
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¢ Evaluating development of school-age children exposed to vari-
able EPA/DHA levels in utero and postnatally with measures
of distractibility, disruptive behavior, and oppositional defiant
behavior, as well as more commonly assessed cognitive outcomes
and more sophisticated tests of visual function.

Recommendation 4: Additional data is needed to better define optimum
intake levels of EPA/DHA for infants and toddlers.

Children

Recommendation 5: Better-designed studies about EPA/DHA supple-
mentation in children with behavioral disorders are needed.

Adults at Risk for Chronic Disease

Recommendation 6: In the absence of meta-analyses that systematically
combine quantitative data from multiple studies, further meta-analyses and
larger randomized trials are needed to assess outcomes other than cardio-
vascular, in particular total mortality, in order to explore possible adverse
health effects of EPA/DHA supplementation.

Recommendation 7: Additional clinical research is needed to assess a
potential effect of seafood consumption and/or EPA/DHA supplementation
on stroke, cancer, Alzheimer’s disease, and depression.

Recommendation 8: Future epidemiological studies should assess intake
of specific species of seafood and/or biomarkers, in order to differenti-
ate the health effects of EPA/DHA from those of contaminants, such as
methylmercury.
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Health Risks Associated
with Seafood Consumption

his chapter reviews the potential risks associated with chronic exposure

to particular seafoodborne contaminants and risks associated with

certain more acute seafoodborne hazards. The discussion includes
consideration of the extent to which seafood consumption might increase
consumers’ risk of adverse health impacts due to exposure to toxicants,
depending upon the critical dose-response relationships for the contami-
nant, the distribution of contaminant body burden in the population, and
the extent to which the body burden is due to seafood consumption rather
than to other sources and pathways of exposure. The chapter concludes
with a discussion of the interaction between nutrients and contaminants—in
particular, selenium and methylmercury—in seafood, and measures that
consumers can take to reduce exposure to contaminants that may be pres-
ent in seafood.

ENVIRONMENTAL CHEMICALS

Consumers seeking the health benefits associated with the consump-
tion of seafood are concerned about potential health risks associated with
the presence of chemical contaminants, both those occurring naturally
and those resulting from human activities, in seafood. These contaminants
include inorganic compounds such as methylmercury and other metals, as
well as persistent organic pollutants (POPs) such as dioxins and polychlo-
rinated biphenyls (PCBs). Of these, methylmercury is the contaminant that
has elicited the most concern among consumers.
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Methylmercury

Mercury is a heavy metal that is present in the environment as a result
of both human activities (referred to as anthropogenic sources) and natural
processes. The primary anthropogenic source is the combustion of fossil
carbon fuels, particulary from coal-fired utility boilers; other sources in-
clude municipal, medical, and hazardous waste incineration (NRC, 2000).
The natural sources include volcanic emissions and the weathering of rock
containing mercury ore. Mercury can be deposited locally or travel long
distances in the atmosphere and contaminate sites far from its point of re-
lease. Further, the complex biogeochemistry of mercury fate and transport
creates uncertainty in efforts to apportion the relative contributions of these
processes to global mercury pollution. The US Environmental Protection
Agency (US EPA) estimated that 50 to 75 percent of the total yearly input
of mercury into the environment is anthropogenic (US EPA, 1997), while the
United Nations Environment Programme (UNEP) suggests that this source
accounts for more than half of the inputs (UNEP, 2002).

Mercury exists in the environment in several different forms, including
metallic, inorganic, and organic, and interconversion between forms can
occur. The form of mercury of greatest concern with regard to seafood con-
sumption is methylmercury (MeHg). Methylmercury results when mercury
in other forms is deposited in water bodies and biotransformed through the
process of methylation by microorganisms. It bioaccumulates up the aquatic
trophic food chain as smaller organisms are consumed by larger organisms.
Because methylmercury is persistent, this bioaccumulation process results
in large long-lived predatory species, such as certain sharks, swordfish, and
tuna, or freshwater species such as bass, walleye, and pickerel having the
highest concentrations (Kraepiel et al., 2003). Methylmercury levels can
also be high in marine mammals such as whales, and in animals that feed
on marine life, such as polar bears and sea birds. Consumption of aquatic
life is the major route of human exposure to methylmercury. The seafood
choices a consumer makes, and the frequency with which different species
are consumed, are thus important determinants of methylmercury intake.
Because of the global dispersion of methylmercury and migration of species,
the extent of regional variation in body burdens among different aquatic
animals is less striking than the regional variations in certain other water
contaminants, such as PCBs or dioxin-like compounds (DLCs). This implies
that the location in which an aquatic animal was caught might provide
relatively little information about its methylmercury content.

Methylmercury is not lipophilic (lipid soluble) and is thus present in
the largest concentrations in the muscle tissue of aquatic animals rather
than in fat or oils. Approximately 95 percent of ingested methylmercury
is absorbed across the gastrointestinal tract into the blood. The half-life
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of methylmercury in blood in humans is estimated to be 50 days, and
the whole-body half-life to be 70-80 days, although the residence time of
mercury in the brain appears to be considerably longer (NRC, 2000). Hair
is frequently used as an exposure biomarker for methylmercury. Hair is a
route of methylmercury excretion, and approximately 80 to 90 percent of
the total mercury found in hair is in the methylated form. Hair mercury is
a good biomarker in fish-consuming populations. Autopsy studies suggest
that maternal hair mercury level correlates reasonably well with the level of
mercury in the fetal brain (Cernichiari et al., 1995).

Mercury Burdens in the US Population

The first nationally representative estimates of blood and hair mercury
levels were provided by the National Health and Nutrition Examination
Survey (NHANES) of 1999-2000. Among women 16-49 years old, the
geometric mean hair mercury level was 0.2 parts per million (ppm), with
75th, 90th, and 95th percentiles of 0.42, 1.11, and 1.73 ppm, respectively
(McDowell et al., 2004). The geometric mean blood mercury level was
1.02, with 75th, 90th, and 95th percentiles of 2.07, 4.84, and 7.13 ppm,
respectively (Mahaffey et al., 2004). The prevalence of levels in excess of 5.8
ug/L (benchmark dose lower bound [BMDL] adjusted for uncertainty and
for population variability) was 5.66 percent. Levels were 50 percent higher
among older women (30-49 years) compared to younger women, and levels
were highest among women who self-identified as “Other” racial/ethnic
category (Asians, Native Americans, Pacific Islanders). Mercury burdens
were strongly associated with the amount of self-reported fish consumption
(Mabhaffey et al., 2004). Among women reporting eating 5—8 fish meals per
month, these figures were 2.56, 4.54, 8.80, and 11.60 ppm, respectively.
Levels were seven times greater among women who reported eating nine or
more fish meals in the previous 30 days, compared to women who reported
no consumption. Among these relatively high fish-consumers, the 50th,
75th, 90th, and 95th percentiles for blood mercury were 3.02, 6.68, 12.00,
and 13.40 ppm, respectively.

Data on blood and hair mercury levels in adult men in the United
States were not collected as part of NHANES until 2003, and no data for
this group has been reported. Therefore, estimates must be made based on
mercury biomarker data reported as part of large cohort studies. Urine and
blood mercury levels of 1127 Vietnam-era pilots were measured for a study
of the health effects of exposure to dental amalgam (Kingman et al., 1998).
The mean blood mercury level in this group of men was 3.1 ppm, with a
range up to 44 ppm, but the contribution of fish consumption to blood
mercury levels is unknown because data were not collected on fish intake.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

124 SEAFOOD CHOICES

An important limitation of NHANES as a source of data on population
exposures to methylmercury is that the sampling plan used to identify the
3637 women who contributed data in the 1999-2002 survey is likely to
have missed subgroups of high fish-consumers, including sport fishers and
subsistence fishers. Examples of such groups include individuals living in
areas that provide ready access to seafood (e.g., island populations) (Ortiz-
Roque and Lopez-Rivera, 2004), fishers (Burge and Evans, 1994; Bellanger
et al., 2000), groups for whom fish or marine mammals are an especially
important component of overall diet, and individuals who consume a high-
fish diet for its cardioprotective effects. For example, one report described
a case series of 116 patients who consumed large quantities of fish and had
their blood tested; almost all (89 percent) had blood mercury levels greater
than 5 pg/L, ranging up to 89 ug/L (Hightower and Moore, 2003). Evidence
from the Third National Report on Human Exposure to Environmental
Chemicals (CDC, 2005b) suggests that population exposures to mercury
might have decreased between 1999-2000 and 2001-2002. Among women
16-49 years of age, the geometric mean declined from 1.02 pg/L (95%
CI 0.825-1.270) to 0.833 (95% CI 0.738-0.940). An even greater decline
was evident at the high end of the distribution, as the level corresponding
to the 95th percentile in the earlier survey was 7.10 (95% CI 5.30-11.30)
compared to 4.6 (95% CI 3.7-5.9) in the later survey. Because of the short
time period covered by these data, however, the possibility that the observed
time trend reflects sampling variability cannot be rejected.

Health Effects in Critical Target Organs

Organs of the central nervous and cardiovascular systems are consid-
ered to be the critical target organs with regard to methylmercury.

Neurological Toxicity The tragic epidemic of frank neurological disease
that was identified in the late 1950s in Minamata, Japan, first brought
to the world’s attention the devastating effects of methylmercury on the
developing fetal brain. Children exposed in utero to high levels of MeHg
presented with cerebral palsy, mental retardation, movement and coordina-
tion disorders, dysarthria, and sensory impairments.The neuropathological
lesions associated with Congenital Minamata Disease (mercury poisoning)
were diffuse, occurring throughout the brain. In individuals exposed only in
adulthood, the lesions were highly focal, clustering in regions that matched
clinical presentation (e.g., motor disorders = precentral gyrus and cerebel-
lum, constriction of visual fields = calcarine fissure of occipital cortex). The
major molecular mechanisms of MeHg neurotoxicity include inhibition of
protein and macromolecular synthesis, mitochondrial dysfunction, defective
calcium and ion flux, disruption of neurotransmitter homeostasis, initiation
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of oxidative stress injury, microtubule disaggregation, and post-translational
phosphorylation (Verity, 1997). The diffuse injury associated with prenatal
exposure is attributable to the ability of MeHg to arrest mitotic cells in
metaphase, disrupting the exquisitely choreographed processes of cell pro-
liferation, differentiation, and migration. The result is a brain in which there
are reduced cortical cell densities, islands of heterotopic neurons in cerebral
and cerebellar white matter, anomalous cytoarchitecture, disturbance in
laminar pattern of cerebral cortex, absence of granule and Purkinje cells in
the cerebellum, incomplete myelination in the hypoplastic corpus callosum,
glial proliferation (“bizarre astrocytes in the white matter”), and limited
gyral differentiation (Choi, 1989).

No cases of Congenital Minamata Disease have been reported in
the United States, where the primary concern has been whether chronic
exposure to MeHg, as the result of seafood consumption among the general
population, is associated with subtle adverse health outcomes. Therefore,
several risk assessments have been conducted in the past decade in which
the goal was to identify a fetal mercury burden that can be interpreted as
being without appreciable risk. The basis for most risk assessments for
MeHg exposure has been one or more of the three major epidemiologic
studies available: the New Zealand study (Kjellstrom et al., 1986), the Faroe
Islands study (Grandjean et al., 2001), and the Seychelles study (Myers et
al., 2003) (see Box 4-1).

The New Zealand and Faroe Islands studies, but not the Seychelles
study, have generally been regarded as providing evidence of harm from
MeHg exposures at which clinical effects are not evident, although it should
be noted that benchmark dose analyses of the data from the 9-year evalua-
tion of children in the Seychelles study cohort produced BMDLs in the range
of 17-23 ppm (Van Wijngaarden et al., 2006), only slightly higher than
the BMDLs based on the New Zealand and Faroe Islands studies data. In
view of the perceived discrepancies in the findings of the three studies, the
choice of critical study has stimulated considerable controversy. Some risk
assessors chose the Faroe Islands study (US EPA, 2001; NRC, 2000), while
others chose the Seychelles study (ATSDR, 1999). In an effort to use all of
the best available data, the Joint Expert Committee on Food Additives and
Contaminants (JECFA), a joint committee of the World Health Organization
(WHO) and the Food and Agricultural Organization of the United Nations
(FAQ), averaged the effect estimates reported for the Faroes and Seychelles
studies; including the New Zealand study did not significantly change the re-
sults (FAO/WHO JECFA, 2003). In all these assessments, however, the final
result was a single number interpreted as a reference level for intake for the
most sensitive subgroup, the fetus, as shown in Table 4-1. These reference
levels differ largely because of differences in the uncertainty factors applied.
These levels were derived on the basis of health effects observed, rather than
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BOX 4-1
Three Major Epidemiological Studies on Methylmercury

These three studies were conducted among geographically disparate island
populations with a high availability of seafood (tuna is an important export
product of Seychelles, approximately one-third of the Faroese workforce is
employed in the fishing industry, and both aquaculture and marine fishing
feature in the economy of New Zealand). Cohen (2004) summarized these
three cohorts in reviews.

Seychelles Child Development Study

The Seychelles Child Development Study (SCDS) is an ongoing collaboration
between the Ministry of Health of Seychelles, a small archipelago country in
the Indian Ocean, and the University of Rochester, New York. “Initially the
objectives focused on two primary questions. Firstly, could clinical neuro-
development effects be found in children after exposure to methylmercury
(MeHg) in utero from a maternal diet high in fish and, secondly, what is the
lowest level of foetal [sic] exposure to cause such effects?” (Shamlaye, 2004).
Seychelles was determined to be a favorable location for this study for a
number of reasons: the Seychellois regularly consume fish (an average of 12
meals per week), and the number of annual births allowed for recruitment of
a large cohort of mothers and children in a short period of time (Shamlaye,
2004; Myers et al., 2003). The Seychelles Child Development Study enrolled
779 mother-infant pairs between 1989 and 1990, of which 717 were eligible for
analysis. Among the tests administered at 107 months were the Wechsler In-
telligence Scale for Children—Third Edition, the Boston Naming Test, the Cali-
fornia Verbal Learning Test, the Bruininks-Oseretsky Test of Motor Proficiency,
a Continuous Performance Test, the Developmental Test of Visual-Motor
Integration, the Grooved Pegboard, and selected subtests of the Woodcock-
Johnson Tests of Achievement. The children were evaluated (i.e., cognitive,
language, motor, adaptive behavior, and social-emotional development) at 6,
19, 29, 66, and 107 months. Maternal hair samples were also collected at en-
rollment. The information provided here, along with the results from the study,
can be accessed in the Special Issue of the Seychelles Medical and Dental
Journal, Volume 7, Issue 1, 2004. [Online]. Available: http://www.seychelles.
net/smdj/ [accessed July 7, 2005]. Also, in 2000, Clarkson et al. recruited a
new cohort of mother-infant pairs in Seychelles, and this project is due for
completion in 2006.

Faroe Islands Study
The Faroe Islands Study, conducted in this North Atlantic Ocean archipelago
located between Scotland, Norway, and Iceland, consisted of a cohort of
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1022 consecutive singleton births from 1986—1987. The objective of this study
was to investigate possible neurobehavioral effects of prenatal exposure to
neurotoxicants, such as methylmercury. The Faroese are high consumers of
seafood, including pilot whale, which exposes them to high levels of methyl-
mercury. The study team analyzed maternal hair mercury concentrations and
cord blood mercury concentrations at birth and conducted neurobehavioral
examinations on 917 of the children just before school entry (about 7 years of
age) and at 14 years of age. The detailed examinations, which lasted about
5 hours for each child, took place mostly in the National Hospital in Torshavn,
the capital of the Faroes Island. The examination included finger tapping;
hand-eye coordination; reaction time on a continuous performance test;
Wechsler Intelligence Scale for Children—Revised Digit Span, Similarities,
and Block Design; Bender Visual Motor Gestalt Test; Boston Naming Test;
and California Verbal Learning Test. The parent accompanying the child (usu-
ally the mother) was also asked to fill out a self-administered questionnaire
on the child’s past medical history, current health status, and social factors
(Grandjean, 1997).

New Zealand Study

The New Zealand Study involved the screening of 11,000 children born in
1978, over 900 of whose mothers consumed fish more than four times per
week during pregnancy. As with the other cohorts, the objective of this study
was to investigate the association between prenatal mercury exposure and
subsequent development during childhood (Crump, 1998). Maternal hair
samples were collected at birth to assess mercury exposure during pregnancy.
At 4 years of age, the Denver Developmental Screening Test and a set of
neurological screening tests were completed on 74 children, 38 with “high”
maternal hair mercury levels (> 6ug/g) and 36 with “low” maternal hair mercury
levels, matched on maternal demographic characteristics, age, hospital where
the birth took place, and date of birth. Maternal interviews about the ages
at which the child achieved developmental milestones were also conducted
(Kjellstrom et al., 1986). At 6 years of age, 238 children were evaluated. A
child with a high maternal hair mercury was matched with three children with
low hair mercury levels, but similar in gender, maternal ethnic group, age,
smoking habits, location of residence, and number of years living in New
Zealand (Kjellstrom et al., 1989). The tests administered included the Test of
Oral Language Development, the Weschlar Intelligence Scale for Children-
Revised, and the McCarthy Scales of Children’s Abilities.
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TABLE 4-1 Reference Levels for Fetal Exposure to Methylmercury

Source Reference Level

JECFA provisional tolerable weekly intake 1.6 ug/kg body weight/week
US EPA reference dose 0.1 pg/kg body weight/day
Agency for Toxic Substances and Disease Registry 0.3 ug/kg body weight/day

minimal risk level

SOURCES: FAO/WHO JECFA, 2003; US EPA, 2001; ATSDR, 1999.

the general population, and are risk management guidelines rather than es-
timates of threshold of effect. While such numbers can be used to estimate
the number of individuals at potential risk (i.e., for whom the margin of
exposure is less than 10-fold), they convey nothing about the quantitative
characteristics of the dose-response relationship, i.e., for the risk associated
with each unit increase in mercury burden above the reference level.

A variety of hypotheses have been proposed to explain the apparent
discrepancy between the results of the Seychelles and Faroe Islands studies.
The National Research Council (NRC) committee did not consider that any
of them is clearly supported by the evidence, however. The issues evaluated
include differences between populations in the temporal characteristics of
exposure (presumed to be stable among the Seychellois, but potentially epi-
sodic among the Faroese due to occasional consumption of pilot whale), reli-
ance on different biomarkers of exposure (cord blood mercury vs. maternal
hair mercury), population differences in vulnerability to methylmercury, the
influence of other aspects of nutrition on methylmercury toxicity, and dif-
ferences in the neuropsychological tests administered and the ages at which
children were assessed. Consideration has also been given to the possibility
of residual confounding in one or both studies, particularly with regard to
the high exposures of the Faroese to PCBs and other POPs.

Although considerable debate has ensued seeking to identify the reasons
for the apparent discrepancies among the three major studies of fetal MeHg
neurotoxicity, their magnitude might be less dramatic than commonly sup-
posed. As the analyses of the National Research Council Committee on the
Toxicological Effects of Methylmercury showed, the BMDLs calculated for
the three major studies vary by much less than the 10-fold (one order of
magnitude) uncertainty factor applied to the BMDL to achieve the Reference
Dose (RfD) (NRC, 2000). Figure 4-1 shows a qualitative effort to assess
the degree of concordance among studies of the “no observed adverse effect
levels” (NOAEL) estimated for each study on the basis of benchmark dose
analysis. An estimate of 10 to 20 ppm appears to be reasonably accurate.
Interestingly, this is the range identified by WHO (1990) based solely on
the relatively poor-quality data available from a mass poisoning episode
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Mercury in maternal hair (ppm)

30
NOAEL from Seychelles
—
NOAEL from New Zealand (1)
—— 20 pa—
—
NOAEL from Iraq NOAEL from the Faroe Islands
—_—t 10
NOAEL from New Zealand (2)
—
0

FIGURE 4-1 Integration of data from the New Zealand, Faroe Islands, and Seychelles
studies of prenatal methylmercury neurotoxicity. Two ranges are provided for the
NOAEL from the New Zealand study. The estimate labeled (1) was derived when the
data for a child with a very high maternal hair mercury level (86 ppm) were included
in the analyses. The estimate labeled 2 was derived when the data for this child were
excluded. This child’s mercury level was more than fourfold higher than the level for
any of the 236 other children in this cohort.

NOTE: NOAEL = No observed adverse effect level.

SOURCE: Personal communication, Clarkson et al., University of Rochester, March
2005S.

that occurred in Iraq in the 1970s (Personal communication, Clarkson and
colleagues, University of Rochester, March 2005).

Ryan (2005) conducted an analysis of data from the three previously
described studies using maximum likelihood and Bayesian hierarchical
models to derive an estimate of the slope of the dose-response relationship
between children’s neurodevelopment and their prenatal methylmercury ex-
posure. This analysis, presented to the Committee on Nutrient Relationships
in Seafood (Ryan, 2005), suggested that children’s IQ scores decline by 0.1
to 0.25 points for each ppm increase in maternal hair mercury level. The
point estimates were nearly identical in the three studies (results for the New
Zealand study differed considerably depending on whether one particular
observation was included or excluded) (see Figure 4-2).

The point estimates of the slopes for the other neurodevelopmental
endpoints measured in the three studies, some of which were common across
studies, were also surprisingly similar (Figure 4-3).
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FIGURE 4-2 Point estimates and 95 percent confidence intervals, based on regression
analyses, for the changes in full scale IQ (“coefficients”) associated with each ppm
increase in maternal hair mercury reported in the three studies. A coefficient with a
negative sign indicates that the IQ scores for children within a study cohort decreased
with increasing hair mercury level. Two estimates are provided for the New Zealand
study, one based on the inclusion of the child with a maternal hair mercury level of
86 ppm and one based on the exclusion of this child.

SOURCE: Ryan, 2005.

These analyses, therefore, suggest that although the findings of the
Seychelles study appear discrepant from those of the Faroe Islands and
New Zealand studies if one focuses only on the p-values of the reported
analyses, at a deeper, quantitative level that focuses on the rates of decline
in scores as mercury burden increases, the findings of the three studies are
remarkably concordant.

Part of the challenge in characterizing the health risks associated with
increased MeHg exposure in seafood is related to the fact that this source
also provides nutrients that might have health effects which mitigate those
of MeHg. Thus, studies tend not to provide a “pure” estimate of MeHg
toxicity but an estimate that represents the balance between the putative
harm caused by the contaminant and the putative benefits provided by the
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FIGURE 4-3 Coefficients for achievement and cognition-related endpoints from the
three studies. The symbols Q, C, and B denote the three endpoints that are common to
two or more studies, namely IQ (Q), California Verbal Learning Test (C), and Boston
Naming Test (B), respectively. X’s indicate endpoints that were unique to one of the
studies. Coefficients reflect the change in test score for each ppm increase in maternal
hair mercury. A coefficient with a negative sign indicates that a test score decreased as
maternal hair mercury level increased. New Zealand estimates are based on including
the child with a maternal hair mercury level of 86 ppm. The Faroe Islands median
hair:cord blood ratio of 200 (Budtz-Jorgensen, 2004b) was used to convert the Faroe

Islands results to units of hair mercury.
SOURCE: Ryan, 2005.

nutrients in seafood. This issue is critical, however, because the goal in giving
advice regarding seafood consumption should be to enable people to obtain
the greatest benefit for the least risk.

An illustration of the delicacy of this balance is provided by a study of
135 mother-infant pairs in Boston (Oken et al., 2005). Mothers reported
consuming an average of 1.2 fish servings per week during the second
trimester of pregnancy (range 0-5.5 servings/week), and had a mean hair
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mercury level at delivery of 0.55 ppm (range 0.02-2.38; 10 percent had
levels >1.2 ppm). At 6 months of age, infants’ scores on a visual recogni-
tion memory task were positively associated with maternal fish intake
during the second trimester (4 points for each additional weekly serving),
but inversely associated with maternal hair mercury level (7.5 points per
ppm). Performance was best among infants whose mother consumed more
than two servings of fish per week but whose hair mercury level was less
than 1.2 ppm. This study was designed as a study of nutrition rather than
of methylmercury intake, however, so women were asked about their fish
intake using categories (canned tuna, shellfish, “dark meat” fish, other fish)
that relate more directly to omega-3 fatty acid levels than to MeHg levels
(see Box 3-1).

Data germane to the balance between the benefits and risks associated
with consumption of fish and development in children were also reported
from the Avon Longitudinal Study of Parents and Children (ALSPAC),
a large ongoing birth cohort study in the UK (Daniels et al., 2004). In a
subsample of 1054 of 10,092 eligible children, associations were evaluated
between maternal fish consumption during week 32 of gestation, reported
on a food frequency questionnaire, and maternal reports of children’s lan-
guage development at 15 months and general development at 18 months.
The categories used in collecting data on the types of fish consumed were
“white fish” (cod, haddock, plaice, fish sticks, etc.) and “oily fish” (pil-
chards, sardines, mackerel, tuna, herring, kippers, trout, salmon, etc.). Most
women (88 percent) reported eating fish during pregnancy. Of these, 65
percent reported eating fish from both categories. Unfortunately, this way
of classifying fish results in groupings that differ from those that would
result if classification were based on mercury levels. Overall, children’s
developmental abilities, as reported by mothers, increased modestly with
increased maternal fish intake during pregnancy. Most of the benefit ap-
peared to be associated with any fish consumption, compared to none, as
maternal consumption of fish more than one to three times per week did not
seem to confer additional benefits, at least with regard to the child develop-
ment outcomes assessed. Higher mercury concentration in umbilical tissue,
for which the median was 0.01 pg/g wet weight, was not associated with
adverse developmental outcomes in children, although cord tissue mercury
is not a well-established biomarker of exposure. Cord mercury level did
increase across strata of maternal fish intake, although the greatest increase
was between the “none” and “1 per 2 weeks” strata, with little increase
evident in the two strata representing greater fish intake (“1-3 per week”
and “4+ per week”) (see Box 3-1).

Jensen etal. (2005) reported that the usual substantial neuropsychological
benefits associated with breastfeeding were not evident among the children
in the Faroe Islands cohort. The authors speculated that contaminants pres-
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ent in the breast milk of the Faroese women mitigated the benefits to their
children.

Increasing attention is being paid to the neurotoxicities observed in
adults exposed to MeHg, although the findings are mixed and do not sup-
port firm conclusions about the dose-response/dose-effect relationships.
In a small case series report, patients who were clinically referred for
paresthesias, in 50 percent of whom mixed peripheral neuropathy with
axonal loss was confirmed by electrodiagnostic studies, blood mercury
levels ranged from 27 to 96 ug/L (Saint-Phard et al., 2004). Most of the
patients reported consuming fish at least twice weekly. These blood mercury
levels are considerably higher than those of the general US population. As
noted earlier, the geometric mean among US women of child-bearing age
is 0.833 pg/L (95% CI 0.738-0.94). In a study involving 129 residents of
Brazilian fishing communities, in whom the mean hair mercury level was
4.2 ug/g (range 0.56-13.6), dose-dependent reductions in performance on
tests of fine motor speed, dexterity, and concentration were found (Yokoo
et al., 2003). In reanalyses of data from a 1977 study of 366 Québec Cree
(First Nation) adults, Auger et al. (2005) reported that a 6 ppm increase in
hair mercury level was associated with an odds ratio of 2.2 (95% CI 1.15-
4.26) for tremor in a proportional odds ordinal regression model. Scalp
hair mercury levels ranged from 0.5 to 46.1 ppm. Blood mercury level
(mean 37.7 ug/L, range 1-150) was not associated with an increased risk
of tremor, however. In a cross-sectional study of 106 elderly (> 75 years)
Swedes with mercury levels of 2-80 nmol/L (mean 17, standard deviation
11; values for 101 subjects were <28 nmol/L), blood mercury level was not
associated with scores on the Mini-Mental Status Examination (Johansson
et al., 2002). In the only large study conducted on US adults, among 474
adults aged 50 to 70 years, blood mercury level (median 2.1 pg/L; range
0-16) was not consistently associated with performance on a battery of 12
neuropsychological tests (Weil et al., 2005).

Cardiovascular Toxicity The hypothesis that elevated exposures to meth-
ylmercury might impair cardiovascular health was suggested by a series
of observational studies conducted by Finnish investigators. Men with
the highest level of hair mercury (>2 pg/g) had a twofold increase in risk
(95% CI 1.2-3.1) (adjusted for age, examination year, ischemic exercise
electrocardiogram (ECG) and maximal oxygen uptake) of an acute (fatal
or nonfatal) myocardial infarction (MI) and had a 2.3-fold increased risk
(95% CI 0.9-5.8) (adjusted for age, examination year, ischemic exercise
ECG and maximal oxygen uptake) of death from coronary heart disease
(CHD) (Salonen et al., 1995). In addition, self-reported fish consumption
of 30 g per day or more was associated with a doubling of risk of an acute
MI. Mercury burden was more strongly related to the amounts of nonfatty
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freshwater fish (turbot, vendace, northern pike, whitefish) consumed rather
than fatty fish (salmon, herring, domestic rainbow trout, tuna) (Salonen et
al., 1995). Follow-up examinations of this cohort conducted 4 years later
indicated that high hair mercury level at baseline was a significant predic-
tor of the increase in the common carotid intima-media thickness (IMT),
suggesting accelerated carotid atherosclerosis (Salonen et al., 2000). Among
men in the highest quintile of hair mercury level (>2.81 ppm), the IMT
increase was 32 percent greater than among men in the rest of the cohort.
The increased cardiovascular risk associated with higher fish consumption
reported by Salonen et al. (1995, 2000) and Virtanen et al. (2005) might,
for example, be associated with food preparation techniques (see Chapter
5) rather than methylmercury levels in the fish consumed by Finnish men,
although this variable was not addressed in these reports.

In a case-control study conducted in nine countries involving 684 men
less than 70 years of age with a first diagnosis of MI (Guallar et al., 2002),
the adjusted (including docosahexaenoic acid [DHA]) odds ratio for men in
the highest, compared to the lowest, quintile of toenail mercury level was
2.16 (95% CI 1.09-4.29). Adjusting for toenail mercury level, the risk of
MI was inversely related to adipose tissue DHA level (OR=0.59, 95% CI
0.30-1.19, for highest vs. lowest quintile).

In contrast to the findings of the Finnish studies and the Guallar et al.
(2002) study, essentially null findings were reported in a nested case-control
study of toenail mercury levels (an alternative biomarker) and coronary
heart disease (coronary artery surgery, nonfatal MI, fatal coronary heart
disease) in 33,737 male health professionals (Yoshizawa et al., 2002). In
the highest, compared to the lowest, quintile of mercury level, the relative
risk of coronary heart disease was 0.97 (95% CI 0.63-1.50). Adjustment
for omega-3 fatty acid intake did not alter this. A major uncertainty about
the interpretation of these two studies is the status of toenail mercury level
as a biomarker of mercury burden attributable to fish consumption. In the
Yoshizawa et al. study, more than half of the study cohort consisted of den-
tists, and the mean toenail mercury level in dentists was more than twice the
mean among the nondentist health professionals. Although toenail mercury
level was modestly correlated with reported fish consumption (correlation
of 0.42), toenail mercury level apparently also reflects exposures to mercury
from nonfish sources, such as elemental mercury from dental amalgams and
dental amalgam preparation. In this regard, it is noteworthy that when the
dentists were excluded from analyses in the Yoshizawa et al. (2002) study,
increased toenail mercury was associated with increased risk of coronary
heart disease. The increase in risk was not statistically significant, however,
at least in part because of the reduced sample size.

As noted, because the primary vehicle in which methylmercury is de-
livered is a food that also contains nutrients that might have health effects
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that are antagonistic to those of methylmercury, it is difficult to obtain
“pure” estimates of methylmercury toxicities. For example, a follow-up
study of the Finnish men reported on by Salonen et al. (1995) showed that
men in the highest quintile of docosapentaenoic acid and docosahexaenoic
acid intake, compared to men in the lowest quintile, had a 44 percent
lower risk of CHD over a 4-year period (Rissanen et al., 2000). Analyses
stratified by hair mercury level suggested, however, that the reduction was
greater (52 percent) for men with hair mercury (Hg) levels <2 ppm than
among men with hair Hg levels >2 ppm (only 24 percent). A similar shift
in the balance of the risks of methylmercury and the benefits of omega-3
fatty acids was found in a study of blood mercury level and blood pressure
among US women (NHANES 1999-2000; Vupputuri et al., 2005). In the
entire cohort of 1240 women aged 16-49 years, blood mercury level was
not significantly associated with either systolic or diastolic blood pressure.
When analyses were stratified by reported fish intake (759 consumers, 481
nonconsumers), systolic blood pressure increased significantly with blood
mercury level among nonconsumers, corresponding to an approximately 5
mmHg difference between the lowest quintile (0.1-0.4 ug/L) and the high-
est quintile (2.1-21.4). Among the fish-consumers, systolic blood pressure
declined (nonsignificantly) with increasing blood mercury level. The findings
were similar for changes in diastolic blood pressure with increasing blood
mercury level. Overall, this pattern suggests that increased exposure to
mercury, obtained from sources other than fish consumption, is associated
with higher blood pressure. When mercury exposure occurs in conjunction
with fish consumption, however, the effects on blood pressure are blunted
and, at the levels in most US women, may be counteracted by protective
factors in fish. This interpretation is consistent with the null findings of a
study of hair mercury levels and blood pressure in fish-consuming Indian
tribes of the Amazon rain forest (Dorea et al., 2005).

Methylmercury Reference Dose

A report from the National Research Council of the National Acad-
emies reviewed the US EPA’s process in deriving the RfD (see Box 4-2). It
concluded that the existing RfD of 0.1 ug/kg per day was a “scientifically
justifiable level for the protection of public health,” although it recommend-
ed that it be derived on the basis of the findings of the newer epidemiological
studies rather than of the Iragi study (NRC, 2000). Such a calculation is
subject to numerous uncertainties, however. Among these are the choice of
the functional form of the statistical model used to identify the methylmer-
cury dose at which a doubling of the target response occurs (e.g., linear vs.
supralinear vs. sublinear models), the choice of the adverse health effect,
the choice of the point estimate for the excess prevalence to be prevented,
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BOX 4-2
Reference Dose for Methylmercury

The US Environmental Protection Agency (US EPA, 2001) established a
Reference Dose (RfD) for methylmercury (MeHg) that it defines as “...an
estimate of a daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime.” To derive the RfD for MeHg, the US EPA applied
benchmark dose modeling. In this approach, the benchmark dose (BMD)
is identified at which the prevalence of a defined health abnormality
exceeds the background prevalence of the abnormality by a specified
amount. The abnormality can be defined distributionally (e.g., scores
more than 2 standard deviations below the mean) or clinically (e.g., the
presence of a particular abnormal finding on neurologic examination).
Once the critical dose is identified, the dose corresponding to the lower
bound of its 95 percent confidence interval (the Benchmark Dose lower
bound [BMDL]) is taken as the “point of departure” for calculating the Hg
intake that would result in that dose. In other words, the BMDL is the low-
est hair mercury (Hg) level that is statistically consistent with the observed
increased in the prevalence of the target outcome. Although the US EPA
used the Boston Naming Test results from the Faroe Islands study to
illustrate the process by which it derived the RfD for Hg, it considered
all of the data from the Faroe Islands and New Zealand studies and an
integrative analysis that included the Seychelles study. A test score at the
5th percentile or below was selected as the critical health effect, and a
doubling of the prevalence of such scores to be prevented (Rice, 2004).
The US EPA selected 12 ppm in maternal hair as the critical BMDL (or 58
pg/L in cord blood). A one-compartment pharmacokinetic model, involv-
ing assumptions about factors such as the elimination constant, blood
volume, MeHg absorption, fraction of absorbed dose in the blood, and
the ratio of cord blood mercury to maternal blood mercury, was used to
determine that an MeHg intake of 0.1 ug/kg/day over a lifetime would not
result in a hair Hg level exceeding 1.2 ppm.

the choices of the point estimates for the assumptions made in fitting the
one-compartment model, and the size of the aggregate uncertainty factor
that should be applied to take account of all these unknowns (Rice, 2004).
Reference Dose calculations are sensitive to the assumptions made about
factors such as the ratio of cord blood Hg:maternal blood Hg. Although the
RfD is intended to address a pregnant woman’s MeHg intake, the fetal risk
estimates for the Faroe Islands study, the critical study, were expressed as
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cord blood Hg levels. The US EPA assumed a ratio of 1:1, but recent Monte
Carlo analyses suggest that the Hg level in cord blood might be as much
as 70 percent higher than the Hg level in maternal blood (Stern and Smith,
2003). The results of these analyses suggest that reducing the RfD so that
maternal blood Hg levels do not exceed 3.4 pg/L. would prevent cord blood
Hg levels from exceeding 5.8 pg/L.

The NRC (2000) study identified several other important data gaps that
contribute to uncertainty, e.g., the possibility of interindividual variation
in susceptibility to MeHg. Factors that might affect susceptibility include
age, sex, genetics, health status, nutritional status, and toxicokinetic and
toxicodynamic processes. The role of nutritional factors as potential con-
founders or effect modifiers of MeHg neurotoxicity is particularly important
(Chapman and Chan, 2000). The many differences between the diets of the
Faroese and Seychellois have been suggested as a possible explanation for
apparent differences between findings. The specific dietary components sug-
gested as possibly important are DHA, iodine, choline, and iron (Clarkson
and Strain, 2003). One study found that greater consumption of tropical
fruit is associated with lower hair Hg levels, although it could not be deter-
mined whether this reflected altered absorption, distribution, or excretion
(Passos et al., 2003). Other data gaps pertain to the lack of information
about possible late-emerging neurodevelopmental effects as children mature
and the lack of dose-response analyses for other potential adverse health
effects of MeHg, such as cardiovascular disease. A third class of data gaps
pertains to the characterization of exposure. Factors that contribute to this
are a lack of dietary intake data, the extrapolation from a biomarker such
as maternal hair Hg to maternal MeHg intake, confounding by coexposures
to other neurotoxic contaminants (e.g., PCBs), and the impracticality of
characterizing short-term temporal variations in exposure using currently
available biomarkers, particularly during potentially critical windows of
brain vulnerability. Using bootstrap analyses, Budtz-Jorgensen et al. (2004b)
showed that the BMDL is overestimated by 25 percent if it is not adjusted
for error in measuring cord blood Hg and by 40 percent if it is not adjusted
for error in measuring hair Hg. The authors argued that a failure to take
these sources of error into account would result in a reference dose that is
too high, and thus insufficiently protective.

Summary of Evidence

Interpretations of data from the three major epidemiologic methylmer-
cury studies are not entirely concordant. The Faroe Islands and New Zealand
studies are regarded as providing evidence that children prenatally exposed
to methylmercury as the result of maternal seafood consumption during
pregnancy are at increased risk of manifesting subtle neurodevelopmental
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deficits. The Seychelles study is regarded as not providing such evidence. A
new statistical approach revealed similarities between the three studies not
previously evident in published analyses. Results of this approach reduced
the degree of discordance, which might have been overestimated due to a
focus on p-values. This yielded greater consistency between findings of the
three studies, indicating a decline of 0.1 to 0.25 points, on a scale of IQ-like
measurement, for each part-per-million increase in maternal hair mercury
level during pregnancy.

Observational studies in adult men from the general population have
produced mixed results regarding the associations between fish consump-
tion, mercury level, and cardiovascular health. Overall, the data considered
suggests an increased risk of myocardial infarction among men with higher
hair Hg levels. For both child neurodevelopment and adult cardiovascular
health, emerging evidence suggests that the health benefits of seafood con-
sumption are greater among individuals whose body burden of methylmer-
cury is lower.

Other Metals

Metal contaminants other than mercury, including lead, manganese,
chromium, cadmium, and arsenic may be present in seafood, although on
a population basis, seafood consumption does not appear to be a major
route of exposure to these metals. In analyses of farmed Atlantic and wild
salmon, Foran et al. (2004) found that for none of nine metals measured
did the levels exceed federal standards. For three of the metals measured
(cobalt, copper, and cadmium), levels were significantly higher in wild than
farmed salmon. Burger and Gochfeld (2005) measured the levels of seven
metals (arsenic, cadmium, chromium, lead, manganese, mercury, selenium)
in fish obtained from New Jersey markets. Although these levels sometimes
exceeded health-based standards, the intercorrelations among the different
metals were low, leading the authors to conclude that consuming a variety of
fish species will reduce a consumer’s risk. The source of fish is an important
consideration, however. Kong et al. (2005) found levels of lead and chro-
mium in farmed tilapia from China that exceeded local guidelines.

Persistent Organic Pollutants

Persistent organic pollutants are defined as organic chemicals that
remain intact in the environment for long periods, become widely distrib-
uted geographically, bioaccumulate up the food chain by amassing in fatty
tissues of animals, and are toxic to humans, wildlife, and the environment
(Bidleman and Harner, 2000; IOM, 2003; UNEP Global Environmental
Facility, 2003; Robson and Hamilton, 2005). Many POPs are chlorinated
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compounds, but brominated and fluorinated compounds also exist (e.g.,
brominated flame retardants and Freon) and may have a detrimental impact
on the environment.

Evidence for long-range transport (to regions distant from the original
source) and the threats posed to the environment (Fries, 1995a,b; UNEP
Global Environmental Facility, 2003) has prompted regulatory action to
reduce emissions (CFSAN, 2001; also reviewed in IOM, 2003). As a re-
sult of concerns about global circulation through the atmosphere, oceans,
and other pathways, the US signed an agreement on POPs at a diplomatic
conference in Stockholm, Sweden (UNEP Global Environmental Facility,
2003). Under this Convention, signatory countries were committed to re-
duce and/or eliminate the production, use, and/or release of the 12 POPs of
greatest concern to the global community and to establish a mechanism by
which additional chemicals may be added to the treaty in the future. The
POPs initially targeted by the agreement, informally called the “dirty dozen”
(Table 4-2), include:

e Certain insecticides, such as DDT and chlordane, once commonly
used to control pests in agriculture and building materials;

e Polychlorinated biphenyls, used in electrical, heat transfer, and
hydraulic equipment and as plasticizers in paints, plastics, and rubber
products;

e Certain chemical byproducts, such as dioxins and furans, which are
produced unintentionally from most forms of combustion, including mu-
nicipal and medical waste incinerators, open barrel burning, and industrial
processing.

The POPs to which seafood consumers are most likely exposed are the
dioxins, dioxin-like compounds (DLCs), and PCBs.

Dioxins and Dioxin-like Compounds

Dioxins and DLCs are unintentional by-products of combustion of
organic material. Sources of dioxins include herbicides (2,4,5-T), wood pre-
servatives, diesel and gasoline fuel combustion, and industrial combustion
and backyard barrel burning. Currently, new dioxin releases into the envi-
ronment are mostly from backyard and agricultural burning (IOM, 2003).
Because of the long half-life of dioxins, they will persist in the environment.
Furthermore, even if all anthropogenic sources could be eliminated, low
levels of naturally occurring dioxins will continue to be produced (US EPA,
2003).

Since 1987, the US EPA has been taking action to effectively reduce
environmental release of dioxins and furans to land, air, and water from
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TABLE 4-2 The “Dirty Dozen” Identified
in United Nations Environment Programme

The “Dirty Dozen”

Aldrin?

Chlordane?

DDT#

Dieldrin®

Endrin?

Heptachlor?

Hexachlorobenzene®b-

Mirex?

Toxaphene?

Polychlorinated biphenyls (PCBs)bx
Polychlorinated dibenzo-p-dioxins (Dioxins)¢
Polychlorinated dibenzo-p-furans (Furans)¢

NOTES: The United States has taken strong domestic
action to reduce emissions of POPs. Currently, none of
the pesticide POPs are registered for sale and distribution
in the United States. In 1978, the US Congress prohibited
the manufacture of any new PCBs and severely restricted
the use of remaining stocks.

aPesticides.
bIndustrial Chemical.
‘By-products.

SOURCES: UNEP Global Environmental Facility, 2003;
1ISD, 1998.

sources within the continental United States. Regulatory action has resulted
in a 77 percent decline in total dioxin and furan releases between 1987 and
1995 (US EPA, 2005) (for more information see also US EPA 1987, 1991,
1994, 1995). Overall, levels of dioxins and DLCs in the environment have
been declining for the past three decades. However, since dioxins are per-
sistent compounds, they can be expected to remain in the environment and
the food supply for many years to come (IOM, 2003).

Toxic Equivalency Factors (TEFs) are a convenient method for assess-
ing the toxicity of mixtures containing dioxins and DLCs but there are
uncertainties associated with calculating TEF values for individual con-
geners because of variability in their half-lives and differences in toxicity
to humans. The reference compound for the TEF is the dioxin compound
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). WHO recommends a toler-
able daily intake of DLCs and PCBs of 1-4 pg/TEQ/kg/day (IOM, 2003).
The US EPA has estimated 0.001 pg/kg/day of TCDD as the level associated
with a 1 in 1 million excess risk for human health effects from exposure to
DLCs and PCBs (IOM, 2003). The NRC committee on EPA’s Exposure and
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Human Health Reassessment of TCDD and Related Compounds (NRC,
2006) noted that the classification of DLCs as “carcinogenic to humans” vs.
“likely to be carcinogenic to humans” is dependent on “the definition and
interpretation of the specific criteria used for classification, with the explicit
recognition that the true weight of evidence lies on a continuum with no
bright line that easily distinguishes between these two categories.”

Bioaccumulation of Dioxins in Seafood Exposure to dioxins and DLCs
occurs when fish consume aquatic invertebrates that come in direct contact
with dioxin particles that settle in sediment; through direct absorption
through the gills; or by eating contaminated sediment, insects, and smaller
fish (Evans, 1991). Because of their lipophilic character, dioxins and DLCs
are distributed to fatty tissues in fish, including the liver and gonads. Muscle
tissue is less contaminated, depending on the fat content of the muscle,
which is likely to be greater in the older, larger, and oily fish.

Adverse Health Effects TCDD is used as the reference congener as a
measure of toxicity for all dioxin-like compounds. Adverse health effects
associated with exposure to dioxins have been identified in populations
exposed through unintended industrial releases. One of the largest popula-
tion exposures to TCDD occurred from an unintended industrial release
in Seveso, Italy. Those who were exposed to the highest doses, primarily
children, exhibited chloracne (Mocarelli et al., 1999), a severe skin disease
with acne-like lesions that occur mainly on the face and upper body. Other
adverse health outcomes included an increased risk for cancer. When com-
pared to the nonexposed general population, the exposed population did
not show an increased overall cancer mortality, but did have a significant
excess mortality risk for esophageal cancer in males and bone cancer in
females among those who were exposed to the lowest doses (Bertazzi et al.,
1997). The US EPA (2000a) concluded that the cancer data on the Seveso
population was difficult to interpret because of the small number of cases,
exposure classification problems, and limited follow-up.

In 1997, the International Agency for Research on Cancer (IARC) placed
TCDD in a Group I (agents with sufficient evidence of carcinogenicity for
humans) designation, but weaknesses and inconsistencies among the posi-
tive studies published have made this designation controversial (Cole et al.,
2003). The US EPA (2000a) considers TCDD to be a human carcinogen
and other DLCs likely carcinogens, based on epidemiological and animal
studies. Although epidemiological evidence alone does not support a causal
relationship between dioxin exposure and cancer, US EPA (2000a) describes
TCDD as a non-genotoxic carcinogen and a potent tumor promoter.
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Polychlorinated Biphenyls

Polychlorinated biphenyls are also long-lived chlorinated aromatic
compounds. They include over 200 chemical compounds in the form of
oily fluids to heavier grease or waxy substances. Production of PCBs began
in 1929, and the compounds were used as coolants and lubricants in trans-
formers and other electrical equipment. Because of their noncombustible
insulating characteristics, PCBs were used to reduce the flammability of
materials used in schools, hospitals, factories, and office buildings. A variety
of commercial products, including paints, plastics, newsprint, fluorescent
light ballasts, and caulking materials contained PCBs until production was
banned in the 1970s.

Local sources of PCBs may be more important than local sources of
dioxins and DLCs for contamination of aquatic organisms. PCBs were le-
gally widely discharged into rivers, streams, and open landfills between 1940
and the early 1970s. In 1976, the Toxic Substance Control Act (TSCA) was
passed, calling for a ban on the manufacture, processing, distribution, and
use of PCBs in all products in which the PCBs were not totally enclosed.
The TSCA was based on three concerns: first, PCBs persist in the environ-
ment and resist biodegradation; second, a population-wide incident of
human poisoning in Japan in 1968 was attributed to introduction of PCB-
contaminated oil into a community; and third, in 1975 the CDC reported
that, in rat experiments, oral gavage with Aroclor 1260 (a mixture of PCBs)
caused liver cancer (Kimbrough et al., 1975). As a result of the TSCA,
transformers and electrical capacitors that contained PCB compartments
were sealed. Such transformers remain in place unless the seals leaked or
were damaged, and by 1990, any PCB transformer within 30 meters of a
commercial or public access building should have been replaced, registered,
or provided with protection (US EPA, 1994).

Bioaccumulation of PCBs A significant correlation has been observed be-
tween blood PCB levels and the quantity of fish consumed by humans (Fein
et al., 1984; Humpfrey, 1988; Jacobson et al., 1990; Smith and Gangolli,
2002). Bioaccumulation of dioxins and PCBs in the fatty tissues of food
animals contributes to human body burdens through ingestion of animal
fats in foods such as meat and full-fat dairy products. These foods are the
largest contributors of dioxins and DLCs from the US food supply. The
levels of dioxins, DLCs, and PCBs in seafood are generally greater than
those in meat; however, actual exposure levels are far lower because of the
lower consumption of fish among the general population (IOM, 2003).
Fish oils that are used for supplements tend to have lower levels of dioxins,
DLCs, and PCBs than fatty or oily fish as a result of processing methods
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that remove these compounds from the final product (Source: http://www.
ocean-nutrition.com/inside.asp?cmPagelD=158).

Adverse Health Effects An extensive experimental literature on rodent and
nonhuman primate models demonstrates that prenatal exposure to PCBs
can interfere with neurodevelopment (Rice, 2000; Faroon et al., 2001;
Bowers et al., 2004; Nguon et al., 2005). This literature is complemented
by numerous prospective epidemiological studies of children conducted
in Michigan; North Carolina; Oswego, NY; Germany; Faroe Islands; and
the Netherlands (Schantz et al., 2003). The cohorts were often chosen to
include children born to women who consumed fish from waters known to
be contaminated with PCBs. The results of these epidemiological studies are
generally congruent with those using animal models, although, as in most
areas of observational research in humans, results are not always consistent
across studies or consistent over time in a particular study.

Higher prenatal exposures have been associated with deficits in various
functional domains including intelligence, attention, response inhibition,
activity, and play behaviors (Jacobson and Jacobson, 1996; Patandin et al.,
1999; Walkowiak et al., 2001; Vreugdenhil et al., 2002a,b; 2004; Jacobson
and Jacobson, 2003; Stewart et al., 2003). However, there are some un-
certainties about many key issues. One issue is the shape of the dose-effect
relationship curve and, specifically, whether a threshold exists. A second is
whether PCB exposure leading to adverse effects occurs prenatally or post-
natally. Although most of the focus has been on prenatal exposures, some
recent studies suggest that early postnatal exposures are also associated with
neurotoxicities (Huisman et al., 1995; Walkowiak et al., 2001; Winneke et
al., 2002). A third issue is the relative potency of the different congeners.
For some neurodevelopmental outcomes, it is exposure to the dioxin-like
congeners that is most strongly associated with deficits. A fourth issue is
the impact of synergism between PCBs and other toxicants. Some studies
suggest that adverse effects arise only when PCB exposure occurs in the
presence of methylmercury or in environments in which individuals may be
exposed to increased levels or multiple exposures (Grandjean et al., 2001;
Roegge et al., 2004; Roegge and Schantz, 2006).

The PCB exposures identified in these study samples were considerably
greater than those of the general US population. The median concentration
of PCB 153 in the 10 studies, the only basis for direct comparison, ranged
from 30 to 450 ng/g serum lipid, and the median of the 10 medians was
110 ng/g. The exposure levels in the two recent US studies were about one-
third of those in the four earlier US studies or recent Dutch, German, and
northern Québec studies (Longneker et al., 2003), consistent with exposure
surveys indicating that PCB levels in human tissues in the United States
have declined in recent decades (Sjodin et al., 2004a). In the most recent
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Centers for Disease Control and Prevention (CDC) National Report of
Human Exposure to Environmental Chemicals, the 95th percentile of the
distribution of PCB 153 levels in the US population was 126 ng/g serum
lipid (CDC, 2005d).

Animal studies carried out by CDC suggest that it is likely cancer risks
were overstated and animal-specific. PCBs have been associated with health
effects in laboratory animals, but typically at very high doses, possibly not
relevant to noncatastrophic exposure for humans. Similar conclusions have
been derived from looking at animal studies of exposure to high levels of
PCBs resulting in tumor formation. Although there is evidence to substan-
tiate PCB-associated health problems, several epidemiological studies of
occupational workers exposed to PCBs found no evidence of ill health as-
sociated with their exposure. Even the PCB-chloracne association may be
due to co-exposure to DLCs, and there is concern that multiple confounding
factors make it difficult to interpret epidemiological studies in the work-
place. Some studies of PCB workers found increases in rare liver cancers
and malignant melanoma (US EPA, 2006). Thus, the US EPA found that the
epidemiological studies are inconclusive; based on animal and recent human
studies, PCBs are probable human carcinogens.

The earliest reported incidents of adverse effects from PCB poisoning
occurred in Japan and Taiwan following widespread consumption of con-
taminated rice oil. The high-level exposure to PCBs resulted in skin lesions
(acneform dermatitis) and peripheral nerve damage among adults, and
similar effects among their offspring. Children born to exposed mothers also
showed inhibition of growth and tissue maintenance (Kimbrough, 1987;
Erickson, 1997). NRC (1999) also identified low birth weight and shorter
gestation, and both neurological and neuromuscular deficits as adverse
outcomes associated with prenatal PCB exposure.

Reports from occupational exposure to PCBs have identified several
subclinical adverse health effects. The US EPA reviewed and identified many
potentially serious noncancer adverse health effects associated with PCB
exposure. These adverse effects included impairment of immune, reproduc-
tive, and neurological systems. The long-term impact of low-level exposure
to PCBs is unclear, particularly on the endocrine system (US EPA, 2006) and
will require further research to understand.

As PCB exposure levels continue to decline subsequent to federal laws
banning PCB production, it may be difficult to characterize adverse health
effects from low-level exposure (WHO Consultation on Risk Assessment of
Non-Dioxin-Like PCBs, 2001; Ross, 2004) and to determine the significance
of these exposure levels to health outcomes among the general population.
Advances in analytic techniques may enhance data gathering and analysis
efforts and improve our understanding of risks associated with low-level
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TABLE 4-3 TEF Values from WHO (1998)

Compound TEF value?
2,3,7,8-TCDD 1
Octachlorodibenzo-p-dioxins 0.0001
1,2,3,4,6,7,8,9-octachlorodibenzofuran 0.0001
3,3%,4,4’-tetrachlorobiphenyl (PCB 77) 0.0001

aTEF = Toxicity Equivalency Factor, a numerical index
that is used to compare the toxicity of different congeners
and substances.

SOURCE: Van den Berg et al., 1998.

exposure as well as the role of specific PCB congeners or classes of congeners
in health outcomes (Schantz et al., 2003; Ulbrick and Stahlmann, 2004).

Toxicity and Recommended Intake Limits for Dioxins, DLCs, and PCBs

Toxicity and Estimates of Risk The biological activity of dioxins, DLCs,
and PCBs varies due to differences in toxicity and half-life of the various
congeners. Variations in toxicity among congeners are related to a number
of factors, including binding interaction at the cellular level with the arylhy-
drocarbon receptor (AhR) and variability in pharmacokinetics in vivo. Not
all factors apply to all congeners; for example, many PCBs that do not have
dioxin-like characteristics do not bind to the AhR. Van den Berg et al. (1998)
describes factors used to determine the TEF values for dioxins, DLCs, and
PCBs that include (but are not universal to all congeners):

Structural relationships between congeners;

Binding to the AhR;

Toxic responses mediated through AhR activation; and
Persistence and bioaccumulation.

The TEF value expresses the activity or toxicity of a specific congener
relative to the toxicity of reference congeners, 2,3,7,8-TCDD; it is assigned a
TEF of 1 and the toxicity of other congeners is expressed relative to TCDD
(Van den Berg et al., 1998; IOM, 2003; SACN, 2004). Examples of some
TEF values established by WHO are shown in Table 4-3. Toxicity can be
additive in a mixture of congeners and so the Toxicity Equivalency (TEQ)
of a mixture of DLCs is calculated by multiplying the concentration of each
congener by its TEF, and summing across all DLCs in the mixture.

The Toxic Equivalency system is difficult to use, but it does permit
extrapolation from 2,3,7,8-TCDD, a congener for which much is known.
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WHO has recommended a Tolerable Daily Intake (TDI) of 1-4 pg/kg body
weight per day for TCDD, and the TDI is applied to mixtures of dioxins
and PCBs (IOM, 2003). Based on its estimate of cancer potency for DLCs,
the US EPA concludes that intakes should not exceed 1-4 pg TEQ/kg/day
in the general population (IOM, 2003).

DLC Exposure Limits in Foods With the exception of Canada and the
United States, most countries utilize the TDI for assessing adverse health
effects from exposure to DLCs and for setting acceptable limits in foods. The
TDI represents an index for a contaminant similar to the adequate dietary
intake (ADI) used for food additives. These limits are based on the assump-
tion of an experimental threshold dose level below which no toxic effect is
found in animal models, and include an additional uncertainty factor for
extrapolation to humans.

The FDA and US EPA utilize probabilistic models to derive a Risk
Specific Dose (RsD) for a contaminant. This model assumes the lowest dose
that could result in a specific risk to humans, i.e., the dose with a lifetime
cancer risk of 1 in 1 million. The use of the RfD, as previously described
for methylmercury, was not applied to DLCs by the US EPA in its Draft
Reassessment; the margins of exposure in the range of 100-1000 are gener-
ally considered inadequate to rule out the likelihood of significant effects
occurring in humans, based on sensitive animal responses within the TEQ
(US EPA, 1994; Foran et al., 2005a). Guidance on the development of
risk-based meal consumption limits for 25 high-priority contaminants and
analytes has been described by the US EPA (US EPA, 2000b). As described
by the US EPA, a cancer slope factor (CSF) for carcinogenic risk can be
calculated for DLC exposure of 1 x 10-3/pg TEQ/kg/day (US EPA, 2000c).
These risks are described later for analyzing benefits and risks associated
with consuming farmed salmon (Foran et al., 2005b).

Exposure to DLCs from Seafood In 2002, the IOM Committee on the
Implications of Dioxin in the Food Supply commissioned an exposure esti-
mate for DLCs using intake estimates from the Continuing Survey of Food
Intake by Individuals (CSFII) imputed to data from the FDA’s Total Diet
Study (Source: http://www.cfsan.fda.gov/~Ird/dioxdata.html). This analysis
estimated that for all males and females in the general population, 1 year
of age and older, the percentage contribution of fish and fish mixtures to
the total DLC exposure from all foods was approximately 8 percent (IOM,
2003). When the data was analyzed for specific subgroups within the general
population, the estimated contribution from fish and fish mixtures for preg-
nant and lactating women and for children (both males and females) aged
1 to 5 years was approximately 4 percent. By comparison, the estimated
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contribution of meat and meat mixtures to the total DLC exposure for these
groups was approximately 37 and 35 percent, respectively, for pregnant and
lactating women compared to children aged 1-5 years (IOM, 2003).

Polybrominated Diphenyl Ethers

Polybrominated diphenyl ethers (PBDEs) are synthetic compounds that
are added to a variety of materials to increase their fire resistance. PBDEs
are structurally similar to PCBs, and can exist, theoretically, as 209 dis-
tinct isomers. PBDEs are released into the environment as emissions from
facilities manufacturing them and as a result of degradation, recycling, or
disposal of products that contain them. The patterns of use of PBDEs are
changing rapidly.

Bioaccumulation of PBDEs As with other persistent organic pollutants,
PBDEs are cycled globally (de Wit et al., 2004). PBDE levels in aquatic
wildlife have increased rapidly in recent decades (Ikonomou et al., 2002;
Law et al., 2003), with doubling times of between 1.6 years and 6.0 years
(Lunder and Sharp, 2003; Rayne et al., 2003; Hites et al., 2004a). PBDE
tissue (blood, milk, and adipose) levels in humans have followed a time
course similar to that in wildlife. The concentrations in human milk samples
in Sweden, British Columbia, and the United States have increased manyfold
over recent decades (Darneud et al., 2001; Ryan et al., 2002; Hites, 2004;
Sjodin et al., 2004a; Schecter et al., 2005), with doubling times of 10 years
or less (Meironyte et al., 1999; Ryan et al., 2002). For reasons that are not
known, the concentrations of PBDEs in biological tissues collected in North
America are at least 10 times greater than those collected in Europe or Japan
(Peele, 2004). Although ingestion is considered to be an important route of
exposure to PBDEs, the importance of other routes, such as indoor air and
dust, are poorly characterized and could be important in certain settings
(Sjodin et al., 2004b).

Although the concentrations of PBDEs have been found to vary widely
across countries, market basket surveys, total diet studies, duplicate diet
studies, and commodity-specific surveys have repeatedly shown that, within
a region, fish and shellfish tend to have PBDE concentrations that are
greater than those found in dairy products, eggs, fats, and oils, and other
meat products are important sources of exposure to PBDEs. This has been
found in Canada, Finland, Germany, Japan, the Netherlands, Sweden,
and the United States. In terms of total intake of PBDEs, fish and shellfish
are the major contributors in Europe and Japan, while meats and poultry
are the major contributors in the United States and Canada (FAO/WHO
JECFA, 2005). The PBDE concentration tends to be greater in fish at higher
trophic levels, i.e., predatory fish (Rice, 2005). In a market basket survey
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conducted in Dallas, Texas (Schecter et al., 2004), the highest levels of total
PBDEs were found in samples of salmon, catfish, and shark. It is notable
that the congener pattern was highly variable across samples, even within
types (e.g., catfish), perhaps reflecting site specificity in the magnitude and
nature of the problem of PBDE contamination. Total PBDE levels were
also greater in meats with relatively high fat content, such as pork sausage,
hot dogs, and duck; and in dairy products with higher fat content, such as
cheese and butter (Schecter et al., 2004). Similar findings were reported in a
market basket survey of foods conducted in California (Luksemburg et al.,
2004), in which the highest PBDE levels were found in swordfish, Alaskan
halibut, and Atlantic salmon. PBDE levels were 15 times greater in Pacific
farm-raised salmon than in Pacific wild salmon (Easton et al., 2002). PBDE
levels are higher in salmon farmed in the United States and Europe than in
Chile (Hites et al., 2004a). Limited data are available, however, on the as-
sociation between seafood consumption and PBDE levels in human tissues.
In a small study of 94 urban anglers in the New York-New Jersey area,
greater consumption of locally caught fish was not significantly related to
blood PBDE levels, suggesting that, at least at this time and in this study

population, consumption of local fish is not a major route of exposure to
PBDEs (Moreland et al., 2005).

Adverse Health Effects The data available on the toxicity of PBDEs are
extremely limited. Experimental animal studies indicate that PBDEs affect
the nervous (Viberg et al., 2003), endocrine (Stocker et al., 2004), and im-
mune systems (Fowles et al., 1994), and that the potency of PBDEs might
be comparable to that of PCBs, although considerable uncertainty remains
(Kodavanti and Ward, 2005). No population-based epidemiological stud-
ies have evaluated the human health effects of environmental exposure to
PBDEs. It is not known whether all PBDEs share a common mechanism
of action, complicating any effort to characterize toxicity using a toxic
equivalence factor approach. In light of the fact that in vitro studies with
purified PBDE congeners do not show AhR activation, it is possible that
the presence of trace amounts of DLCs have confounded these assessments
of PBDE toxicity (FAO/WHO JECFA, 2006). The FAO/WHO Joint Expert
Committee on Food Additives and Contaminants concluded that the toxico-
logical data available on PBDEs were insufficient to establish a Provisional
Tolerable Weekly Intake (FAO/WHO JECFA, 2005). The data, however,
are not sufficient to identify “no observed adverse effect levels” (NOAELSs)
for congeners of greatest interest, and thus to draw inferences about the
prevalence of exposures of concern in the US population.
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Levels of POPs in Seafood

Because of their lipophilic character, persistent organic pollutants are
absorbed and transported to fatty tissues in fish and marine mammals. Up-
take of POPs can occur through exposure from sediments in water or via
consumption of smaller fish by predatory species (Geyer et al., 2000).

Farmed fish are exposed to these contaminants to the extent that they
are present in feed (Hites et al., 2004a). Recently, Hites et al. (2004a) found
that, perhaps because of their higher fat levels, some farmed salmon contain
significantly higher concentrations of certain organochlorine contaminants,
including PCBs, than wild-caught salmon. In addition, PCB concentrations
in samples of commercial salmon feed purchased in Europe were higher
than those in samples purchased in North and South America, suggesting
that regional differences in the composition of feed contribute to regional
differences in the PCB concentrations in farmed salmon. The mean wet
weight concentration of PCBs in farmed salmon was 50 ng/g or below
(Hites et al., 2004a), regardless of source, and thus below the Food and
Drug Administration (FDA) action level of 2 ppm for PCBs in food. Using
the US EPA risk assessment for PCB and cancer risk, Hites et al. (2004a)
concluded that, given the PCB levels in the fish samples, a consumer’s risk
will not be increased if consumption is limited to no more than 1 meal per
month of farmed salmon. Given the substantial regional differences found
in PCB levels, however, these analyses demonstrated the importance for the
consumer of knowing whether a fish was farmed or wild-caught and also
its region of origin.

In a subsequent paper, the same group of investigators reported a quan-
titative analysis of competing risks and benefits associated with consum-
ing farmed Atlantic and wild-caught Pacific salmon, for both cancer and
noncancer end points (Foran et al., 2005b). Sixteen organic contaminants
were considered. A benefit/cancer risk ratio was calculated for cancer us-
ing cancer slope factors developed by the US EPA (assuming that a 1x10-3
risk is acceptable) and a benefit/noncancer risk ratio using reference doses
established by the US EPA. Foran et al. (2005b) concluded that neither
farmed nor wild-caught salmon can be consumed in quantities that would
provide 1 g/day of EPA/DHA while still maintaining an acceptable level of
carcinogenic risk (1x1075). In contrast, they determined that based on the
benefit/noncarcinogenic risk ratio, wild-caught salmon could be consumed
in amounts consistent with EPA/DHA intake levels recommended by the
American Heart Association (see Chapter 2).

As expected, however, the results differed for farmed and wild-caught
salmon. Consuming farmed salmon in amounts that provides 1 g/day of
EPA/DHA would produce a cumulative cancer risk that is 24 times the ac-
ceptable cancer risk level. For wild-caught salmon, the cumulative cancer
risk would be eight times the acceptable level. Both farmed and wild-caught
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salmon could be consumed in amounts that provide at least 1 g/day of EPA/
DHA per unit of noncarcinogenic risk (Foran et al., 2005b).

These analyses were conducted assuming salmon intake needed to
provide 1 g/day of EPA/DHA. The authors interpreted the WHO intake
recommendation for omega-3 fatty acids as corresponding to 2-3 g/day;
this includes alpha-linolenic acid (ALA) intake, which is derived primarily
from plant sources such as soy, flaxseed, and walnut oils (see Chapter 1).
The analysis of Foran et al. (2005b) was based on the assumption that the
2-3 g/day of omega-3 fatty acids applied only to EPA/DHA and did not take
ALA into consideration. The WHO (2003) recommendation for fish con-
sumption is 1-2 servings per week; it assumes that this level of consumption
would provide 200-500 mg of EPA/DHA, considerably less than the intake
of 1 g/day EPA/DHA from fish that Foran et al. assumed. These analyses
represent a “worst case” scenario in that it is assumed that consumption
of salmon would be the sole source of omega-3 fatty acids. Further, it as-
sumed that salmon would provide all omega-3 fatty acids (DHA, EPA, and
ALA) and salmon is not a source of ALA. Their analysis was based on data
obtained prior to the implementation of industry safety measures for the
prevention of POP contamination of aquaculture products (Santerre, 2004).
It is worth emphasizing that because the food supply is dynamic, benefit-risk
analyses are not static (Willett, 2006).

Body Burdens of POPs

Body burden can be defined as the total amount of a chemical in the
human body or in human tissue from exposure to contaminants found in
the environment (DeCaprio, 1997; Mendelsohn et al., 1998; IOM, 2003).
CDC monitors over 200 contaminants with the aim of identifying baseline
concentrations of specific substances and determining trends in body burdens
among the general population (http://www.cdc.gov/biomonitoring/overview.
htm; Kamrin, 2004). CDC reports (CDC, 2004; 2005b) include data on
human exposure to approximately 150 compounds, including potential sea-
food contaminants such as lead, mercury, and many POPs. Technological ad-
vancements now afford the ability to detect minute levels of contaminants in
human tissue, although detection of such contaminants does not indicate that
a hazard or risk is present. For example, individuals regularly consuming fish
from the Great Lakes were reported to have higher serum dichlorodiphenyl
dichloroethene (DDE) concentrations (median 10 pg/L) compared to those
who did not eat fish (1 pg/L); however, they did not show impaired motor
function, impaired visuospatial function, or reduced memory and learning
(Schantz et al., 1999; 2001; Rogan and Chen, 2005).

Body burdens for PCBs have been reviewed in studies of fish-consuming
populations by the US EPA (US EPA, 2000a,c). The review did not show any
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cases among the general population of PCB exposure through fish consump-
tion that exceeded the upper limit of background exposure, although it did
find that consumers who had higher consumption levels of fish with typical
PCDD/PCDF profiles than the general population may receive up to five
times the mean intake exposure level of the general population (Armstrong,
2002). To illustrate, sport fishers living near an industrial release site in the
United States had blood PCB levels (both dioxin-like and nondioxin-like
congeners) three times higher than control groups eating fish from areas
that were not highly contaminated (US EPA, 2000c).

Toxicological and epidemiological data suggests that the population
does not necessarily incur adverse health effects from the majority of chemi-
cals currently detected in biomonitoring programs (US EPA, 2005). Thus,
biomonitoring measures the level of the contaminant in a biological sample,
which is not used to correlate such data to toxicology studies in animals;
rather, biomonitoring gives a picture of a person’s body burden at one par-
ticular point in time, and it can be difficult to determine when the exposure
might have occurred (Paustenbach and Galbraith, 2005). Biomonitoring
measurements are relevant exposure assessment tools because they indicate
body burden levels from all environmental sources (e.g., air, soil, water, dust,
food) combined. The purpose of the CDC national biomonitoring programs
is to determine which environmental chemicals are absorbed, measure
exposure levels, assess health impacts of exposure on population groups
(e.g., pregnant women and children), determine exposure risks among
population groups, and monitor trends over time (Source: http://www.cdc.
gov/biomonitoring/overview.htm). Research investigations may be utilized
to identify specific sources of the elevated exposure and action to deal with
the sources (Paustenbach and Galbraith, 2005).

Summary of Evidence

Evidence for specific adverse health effects associated with exposure
to POPs is inconsistent. Among confounding factors related to this class
of contaminant is the uncertainty that accompanies association of specific
disease outcomes with low-level exposures. An issue of particular concern
is the inability to determine a threshold for an adverse effect. Thus, the
determination of toxicity related to exposure to POPs is challenging and
requires further research.
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INTERACTIONS BETWEEN NUTRIENTS AND
CONTAMINANTS IN SEAFOOD

Selenium and Seafood Contaminants

There are several distinct ways that selenium may influence the impact
of toxicants, e.g., through hepatic and extrahepatic detoxification mecha-
nisms, effects on oxidative stress, modulating the immune response, and
some novel sequestering mechanism rendering toxicants, e.g., heavy metals,
inactive.

As noted previously, mercury, i.e., elemental mercury (Hg), ionic mer-
cury (Hg*), and organic mercury (MeHg), may exist in three different states,
and each state likely governs how selenium may interact with this element.
MeHg has been implicated as a neurotoxicant, a mutagen, and a teratogen
in various organisms. Epidemiological studies have been conducted on the
exposure of humans to mercury through consumption of fish and marine
mammals in different geographical areas including Seychelles, the Canadian
North, the Amazon, Faroe Islands, Papua New Guinea, and Sweden. There
are inconsistencies among these studies in the toxic dose, which may be
due to differences in dietary patterns between the populations studied, e.g.,
more whale meat is consumed in Faroe Islands and more fish in Seychelles
(Chapman and Chan, 2000) (see Box 4-1). Additionally, toxicity assess-
ments were not conducted in all of the study locations and where they were
the results may not be comparable in terms of populations examined and
outcomes assessed.

Coexposure to selenium may diminish the toxic effects of some forms of
mercury and other heavy metals, including cadmium and silver (Whanger,
1985). The mechanisms for these interactions are only partially understood
but their occurrence certainly influences the determination of safe and toxic
levels of such metals for persons in the general population. Selenium was
first reported to counteract acute mercuric chloride toxicity by Parizek and
Ostadalova (1967). Later, Ganther et al. (1972) showed the mitigating
effect of sodium selenite on the toxicity of methylmercury. When selenite
and mercuric chloride are co-adminstered, these elements react in the
bloodstream forming complexes at an equimolar ratio. This reaction may
explain the consistent equimolar ratio of selenium and mercury in tissues
of seals and other marine mammals (Koeman et al., 1973; 1975) and mer-
cury mine workers (Kosta et al., 1975). In nearly all marine fish sampled,
the stoichiometric mercury-to-selenium ratio was less than 1. In contrast,
freshwater fish accumulate mercury in such a way that the stoichiometric
ratio was greater than 1 (Luten et al., 1980; Whanger, 1985; Cuvin-Aralar
and Furness, 1991; Ikemoto et al., 2004). Despite extremely high values
for mercury and selenium, sea fish are protected against toxicity of either
element. It is interesting to note that adding selenium to lakes contami-
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nated with mercury has been shown to be an effective remediation process
(Paulsson and Lundbergh, 1989).

Selenide has one of the highest known mercury binding constants and
will avidly partner with mercury (Whanger, 1985). Therefore, if dietary
or tissue selenium is limited, selenide will be bound by mercury resulting
in a lack of selenocysteine for incorporation into vital selenoproteins. The
sequestered complex of mercury-selenium is highly insoluble and can be
localized in lysosomes. Such sequestered material seems to be an inconse-
quential accumulation, with no toxicity to the animal.

It should be noted that ocean fish, though not lake fish, are a rich
source of selenium. The US Department of Agriculture (USDA) ranked fish
sources as 16 of the top 25 (out of a total of 1100) selenium-containing
foods (USDA, Release 18. It has been suggested that the differences in mer-
cury toxicity found in the Faroe Islands study compared to the Seychelles
study may be due to the fact that mothers in the Faroe Islands ate whale
meat, which is low in selenium, while mothers in the Seychelles studies ate
seafood, which is rich in selenium (Ralston, 2005). This hypothesis is likely
too simplistic, however, given that the Faroese also consume large amounts
of seafood other than pilot whale.

Overall, selenium in the form of selenide is pivotal with regards to
forming key selenoproteins and interacting with various heavy metals, such
as mercury, to form a sequestered inert complex of mercury and seleno-
compounds, i.e., bis(methylmercuric)selenide (BMS) (Yoneda and Suzuki,
1997; Watanabe, 2002). MeHg might be acting as a methyl donor, thereby
sparing the amount of S-adenosylmethionine (SAM) required for methyla-
tion. The net effect would be demethylation of MeHg by selenide, which
then could lead to other interactions between selenide molecules and newly
formed ionic Hg (Gregus et al., 2001; Watanabe 2002). Evidence suggests
that the two elements interact with protein through basic amino acids in
the molecule and also that the protein may be one of the heparin-binding
proteins (Yoneda and Suzuki, 1997).

RISKS ASSOCIATED WITH MORE ACUTE
SEAFOODBORNE HAZARDS

Microbiological Hazards

The best measures of seafood safety in the United States are based on
illness reports compiled by the CDC (Source: http://cdc.gov/foodnet/) and
the respective epidemiology programs in each state. Complementary lists
of seafoodborne illness were also compiled by the Center for Science in the
Public Interest (CSPI) (DeWaal and Barlow, 2004). Although these data are
compromised by limited reporting and a large portion of unidentified etio-
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logical agents or nonspecific food vehicles, they remain the best measures
of causes and trends in seafoodborne illnesses.

CDC estimates during the years prior to 1980 with less informative
reporting suggested approximately 11 percent of all foodborne outbreaks
(an outbreak involves two or more cases from a common source) implicated
fish, mollusks, or crustaceans as the food vehicle (Bryan, 1980). Compila-
tions of CDC data from 1978-1987 indicated fish and shellfish constituted
only 10.5 percent of foodborne outbreaks and 3.6 percent of total cases
(IOM, 1991). Estimates from the same data indicated “both [the percentage
of] people made ill from beef (4) and turkey (3.7) exceeded total illnesses
from seafood (3.5), whereas pork (2.7) and chicken (2.6) were each slightly
lower. When shellfish (2.3 percent) and fish (1.2 percent) were considered
separately, the number of reported cases from each was lower than for any
other animal meat category” (IOM, 1991). These comparisons did not ad-
just for per capita consumption. FAO’s compilation of CDC’s data indicated
that the number of cases remained higher for shellfish, but that outbreaks
for fish, of which 90 percent could be linked to the cause, are more com-
mon (Huss et al., 2004). The association between exposure and illness is
considered higher for seafood than for other foods due to the early onset
of symptoms and the particular symptoms per types of seafood. This situ-
ation reinforces reporting of seafoodborne illnesses. Table 4-4 summarizes
commonly encountered hazards and risks associated with classes of seafood
consumed in the United States, and systems in place to control or minimize
potential exposure risks.

Estimating Frequency of Seafoodborne Illnesses

CDC estimates for foodborne illnesses (76 million/year) and related
deaths (5000/year) (Mead et al., 1999) indicated that the number of cases
were reduced by 6.2 and 44.4 percent, respectively, from previous estimates
from Archer and Kvenberg (1985), which were based on foodborne diar-
rheal diseases alone. These reports did not include any specific references
to seafood other than data involving various food-related Vibrio infections.
Although Vibrio-related illnesses are not a CDC-reportable disease and
therefore may be underreported, Mead et al. (1999) included cases and
outbreaks involving Vibrios, which frequently implicate seafood, particu-
larly raw molluscan shellfish, as a likely vehicle. This study accounted for
underreporting of foodborne illnesses through the use of multipliers (see
Table 4-5). The less serious an illness experienced by an individual, the less
likely they are to seek medical attention and thus minor illnesses are less
likely to be reported. A low multiplier is needed to accurately depict the
actual number of cases of a serious illness, such as those associated with
Vibrio vulnificus.
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Huss et al. (2004) compiled data from CSPI indicating consumption
of molluscan shellfish caused the highest percentage of seafoodborne cases
(individual illnesses) during 1990-1998, but the primary causative agent
was reported in the collective category for noroviruses (see Table 4-6). The
general norovirus category accounted for the large majority of seafoodborne
outbreaks reported by CSPI (DeWaal and Barlow, 2004) from their survey
of reported illness during 1990-2003. The most recent CDC report (2005a)
suggested the incidence of infections involving Vibrio bacteria has been in-
creasing (Figure 4-4), using the estimated number of total incidences based
on laboratory-confirmed infections divided by the population estimates. The
extent of the estimated affected population was equated to 15.2 percent of
the US population. This report did not distinguish the Vibrio species or food
vehicles involved, but it did suggest some of the Vibrio infections may have
resulted from nonfoodborne sources, e.g., previous wounds.

With the exception of concerns for Vibrio and Norovirus infections, in
general, the CDC report (2005a) does not reflect an increase in seafood-
borne illnesses, particularly of microbial origin (most commonly associated
with consumption of raw molluscan shellfish). Figures reported by CDC
(2005a) are imprecise due to inclusion of other nonfoodborne causes and
changes in state reporting. Since 1988, CDC has maintained only a volun-
tary Vibrio surveillance system for culture-confirmed infections in the states
contiguous to the Gulf of Mexico. In 1999, the Foodborne and Diarrheal
Disease Branch of CDC encouraged all state epidemiology programs to
improve Vibrio reporting and the Council for State and Territorial Epide-
miologists has drafted a resolution calling for more mandatory reporting
of Vibrio-related illnesses (Personal communication, K. Moore, Interstate
Shellfish Sanitation Conference, November, 2005).

Reducing Risk of Seafoodborne Illness

Vibrio-Associated Illness The Vibrio family of bacteria are indigenous to
most coastal environments; the particular types and amounts present are
influenced by salinity and water temperature (IOM, 1991). Filter-feeding
animals, e.g., oysters, will take up chemical and microbial flora, including
Vibrios, in their immediate environment. The two species of concern are
Vibrio vulnificus (Vv) and Vibrio parabaemolyticus (Vp). Like the related
Vibrio cholera species, Vv and Vp can live in warm seawater and have been
isolated from oysters, clams, crabs, and finfish. In contrast, Vv can cause
serious illness (wound infections, gastroenteritis, or a syndrome known as
“primary septicemia”) and death in persons with pre-existing liver disease or
compromised immune systems while Vp typically causes less severe illness.
Vp can infect healthy consumers yet severe disease is rare.
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TABLE 4-4 Current Seafood Safety Hazards, Controls, and Risks
Hazardous Severity to
Seafood? Hazard? Consumers Occurrence and Trend
Raw bivalve (1) Viruses, enteric bacteria (1&3) (1) Random by location
mollusks (2) Vibrio vulnificus Mostly mild and time; improper
(oysters, (3) Vibrio gastroenteritis; water classification;
clams, parahaemolyticus certain types and  recreational harvests
mussels) serotypes can be  (2) Rare yet persistent;
more harmful primarily warm-water
for very few products involving at-
consumers risk consumers
(2) Severe (3) Sporadic; may be
for “at-risk” increasing
consumers®
Natural (1) Ciguatera (1) Moderate (1) Limited to certain
toxins (2) Scombroid poisoning to severe fish species from certain
Finfish (1&2) (3) PSP, NSP, DSP, ASP and reported areas; could increase
Mollusk (3) prolonged with more imports
symptoms in (2) Limited but persistent
some cases for certain species
(2) Mild and subject to thermal abuse;
short duration could increase with more
(3) Mild to imports
severe relative to  (3) Rare but can be very
toxin type serious; could increase
with global warming and
related environmental
changes
Processed (1) Salmonella Usually mild; Very limited and
seafood (2) Listeria monocytogenes can be severe decreasing; more
(3) C. perfringens to very severe prevalent in ready-to-eat
(4) C. botulinum for (2) and (4), items; could increase
(5) Shigella respectively, yet  with more and certain
(6) Staphylococcus aureus ~ occurrence very — imports
(7) HAV and NLV rare
Allergies Host specific Host specific; Seafood ranked in top

can be mild to
severe

four food allergies;
could increase for pre-
formulated, value-added
products

NOTE: PSP = paralytic shellfish poisoning; NSP = neurotoxic poisoning; DSP = diarrhetic
shellfish poisoning; ASP = amnesic shellfish poisoning; HAV = hepatitis A virus; NLV =
Norwalk-like viruses (Noroviruses) spp.

@Fish or shellfish, the consumption of which can lead to disease. Ranked in order of concern
per occurrence and risk.
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Risk to Consumers

Facts Enhancing Risk

Factors Reducing Risk

High for consumers’
preferred raw mollusks;
particular concern for at-
risk consumers

(1) Higher in endemic areas
for certain fish species;
recreational harvest and
illegal sales

(2) High for consumption of
few species; more common
for certain imported species
(3) High if harvest is
uncontrolled or recreational
interest disregards advice

Low when adequate cooking
precedes consumption

Moderate without proper
labeling and product
identification

(1) Unapproved waters,
improper harvest water
classifications; recreational
harvest disregards advice

(2) Natural occurrence and
host factors

(3) Post-harvest temperature
abuse

(1) Commercial and
recreational harvest from
specific areas for certain
fish, i.e., reef species;

no recognized screening
methods; problematic species
identified

(2) Temperature abuse

after capture of certain

fish species; no practical
screening methods

(3) Lack of harvest controls;
recreational shellfish harvest

Cross-contamination;
temperature abuse;
processing errors;
mishandling by retail
sections, restaurants, and
consumers

Formulated products
with seafood ingredients;
mislabeling; cross-cooking

(1) Approved waters; revised
indicator programs

(2&3); cooking; rapid and
continued cooling; Post
Harvest Processing (PHP)
methods to reduce number of
organisms; thermal mapping
of harvest areas; consumer
education

(1) Restrict harvest and
consumption of certain fish
from certain areas; designate
approved fish and harvest
areas; restrict recreational
sales

(2) Temperature controls and
monitoring for histamines;
harvester education; screening
for imports and suspect fish
(3) Regional water and
product monitoring
programs; consumer
education

Adequate cooking;
temperature controls; proper
processing and food service;
proper satisfaction; consumer
education; use of polymerase
chain reaction-based
detection for viruses

Proper seafood identification;
cleaning and sanitizing

of equipment to avoid
cross-contamination

bAn organism, substance, or condition having the potential to cause disease.
cAt-risk consumers include consumers with pre-existing health conditions, e.g., immuno-
compromised, that place the consumer in a predisposed category for seafoodborne illnesses.

SOURCE: Revised from IOM, 1991.
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TABLE 4-5 Multipliers Used by CDC to Estimate
Total Cases for Different Foodborne Bacterial
Illnesses Based on Actual Reported Cases

Agent Causing Illness Multiplier for Estimated Cases

Campylobacteria 38
Clostridium perfringens
Salmonella, nontyphoidal
Staphylococcus aureus

E. coli O157:H7 20
Shigella

Vibrio, other spp.

Bacillus cereus 10
Clostridium botulinum 2

Salmonella typhi
Vibrio cholerae, toxigenic
Vibrio vulnificus

SOURCES: Derived from Mead et al., 1999; 2006.

TABLE 4-6 Seafoodborne Diseases Traced to “Molluscan Shellfish”
in the United States from 1990 to 1998, and Outbreaks and Cases for
Which the Etiological Agent Has Been Identified

Outbreaks Cases
Agent Total Percent Total Percent
V. parahaemolytics 18 27 733 22
Noro-/Norwalk-like virus? 15 23 2175 66
PSP/toxin 14 20 92 3
Salmonella 6 9 183 6
Scombroid 2 3 4 —
Ciguatera 3 N S —
Shigella 2 3 17 0.5
Campylobacter 2 3 6 —
V. vulnificus 1 — 2 —
V. alginolyticus 1 — 4 —
C. perfringens 1 — 57 2
Giardia 1 — 3 —
Total 66 93 3281 100

Norovirus was recently approved as the official genus name for the group of viruses
provisionally described as “Norwalk-like viruses” (NLV) (http://www.cdc.gov/ncidod/dvrd/
revb/gastro/norovirus.htm).
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FIGURE 4-4 Relative rates (compared with 1996) of laboratory-confirmed cases
of Yersinia, Escherichia coli O157, Campylobacter, and Salmonella, by year; from
Foodborne Diseases Active Surveillance Network, United States, 1996-2004.
SOURCE: CDC, 2005a.

More detailed assessment of the Vibrio illnesses from seafood can be
found in state reports for Vibrio vulnificus (see Table 4-7). These reports
provide more specific data for infections resulting from consumption of raw
molluscan shellfish of commercial origin. With the exception of California,
the majority of reported illnesses involve the oyster-producing regions about
the Gulf of Mexico, due to the relative prevalence of Vv in warmer coastal
waters. The number of Vv illnesses involving commercial shellfish harvests
per year across all states reporting (32) during 1995-2004 averages less than
one case per year (0.98 cases/year/state). The justification for the persistent
concern about Vv stems from the potentially severe consequences for con-
sumers in a higher risk category for infection (e.g., immunocompromised)
for whom there may be as much as a 50 percent mortality rate (IOM, 1991;
Hlady and Klontz, 1996).

California, Florida, Louisiana, and Texas represent “core states” des-
ignated in a Vv management plan designed by FDA through cooperation
with the Interstate Shellfish Sanitation Conference (ISSC, 2002) to reduce
Vv illnesses from raw oyster consumption (see Table 4-8). This plan was
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TABLE 4-7 Individual Reported Vibrio vulnificus Cases of Illness
Involving Commercial Oyster Products

State 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Avg/Yr

CA N 7 2 2 8 7 7 6 1 4.5
FL 8 5 6 14 12 5 11 5 12 8 8.6
LA 2 2 1 7 2 1 4 1 1 2 2.3
X 1 8 7 2 6 9 7 5 6 3 5.4
AL 4 2 1 3 1 1 2 2 1.6
AR 1 1 1 1 1 0.5
AZ 1 2 1 1 0.5
CcO 2 0.2
CT 1 0.1
GA 2 3 4 1 1 6 5 N 3 3.0
IL 1 1 0.2
IN 1 0.1
KY 1 1 0.2
MD 2 2 0.4
ME 1 0.1
MI 1 1 0.2
MO 1 1 1 0.2
MS 1 1 0.2
NC 1 2 1 1 1 1 0.7
NJ 1 0.1
NM 1 1 0.2
NV 1 1 0.2
NY 1 1 0.2
OH 1 2 0.3
OK 1 1 1 0.3
OR 1 0.1
PA 1 0.1
SC 4 3 2 0.9
N 1 1 2 0.4
VA 1 1 1 2 0.5
VI 1 1 0.2
WI 1 0.1
Totals 26 33 21 41 36 30 40 35 33 32
Avg/state/year 0.98

NOTE: A blank cell means no reported cases.

SOURCE: Personal communication, A.P. Rainosek, National Oceanographic and Atmospheric
Administration Fisheries, National Seafood Inspection Laboratory, Pascagoula, MS, July 2005
(Data prepared for the Interstate Shellfish Sanitation Conference).

complemented with a formal risk assessment conducted for Vv (FAO/WHO,
2001). The plan includes specified industry performance goals for illness
reduction rates and consequences if the goals are not attained.
Commercial operations have responded with post-harvest processing
procedures such as high-pressure, low-temperature pasteurization and
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TABLE 4-8 Abbreviated Table of Compliance for Core States as Specified
in the ISSC’s Vibrio vulnificus Management Plan

Deadline Post-Harvest Treatments? Illness Reductions? Florida Example¢
December 2004 25% capacity 9/year—Dbaseline
2005-2006 40% (average) Slyear—goal
December 2006 50% capacity

2007-2008 60% (average) 4/year—goal

If the 60 percent illness reduction rate is not collectively achieved
by 2008, additional controls can be imposed, including harvest
restrictions or closures relative to water temperatures and special
labels designating product to be shucked by a certified oyster dealer.

NOTE: Core states are California, Florida, Louisiana, and Texas.

aPost-harvest treatment “capacity will be based on all oysters intended for raw, half-shelled
market during the months of May through September harvested from source states, to include
the capacity of all operational plants and the capacity of plants under construction.”

bTlIness reductions will be based on the average illness rate for years 1995-1999 of 0.036/
million persons, using data from California, Florida, Louisiana, and Texas. Adjustments in
methodology can be adopted based on further review.

“The Florida example indicates the performance goals (total reported illnesses per year) that
must be attained for compliance relative to the initial established baseline.

SOURCES: ISSC, 2001, 2002, 2003b.

“frosting” methods to kill Vv in the oysters as part of the illness reduction
efforts. FDA (2005a) has recently approved the use of irradiation as another
post-harvest processing option.

This risk management plan also includes recommendations for a pub-
lic education component including programs targeting consumers of raw
oysters, both those with and those without health conditions that increase
their risk of Vv infection. In the states that were required to develop risk-
management plans, Flattery and Bashin (2003) conducted a survey to
elicit new information about media exposure, attitudes, and consumption
behavior from consumers of raw oysters. They found that (1) generally,
consumer awareness of who should avoid consuming raw oysters is limited;
(2) many at-risk consumers are already taking some actions, albeit ineffec-
tive, to avoid illness; (3) one in three consumers are eating raw oysters less
frequently. International Conference on Emerging Infections and Diseases
(2006) also reported a decline in “risky food consumption.” This survey
response showed a decline of one-third in the number of individuals who
reported consuming foods, including raw oysters, associated with a higher
risk for foodborne disease.

Flattery and Bashin (2003) determined that to increase the effectiveness
of the educational component of the plan, key messages should identify at-
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risk consumers; communicate effective action to prevent illness (i.e., refrain
from eating raw oysters); and address popular myths about preventing
illness.

It may be difficult to determine precisely the reduction in illnesses
achieved because of the large standard deviation about the annual mean
(the average illness rate for 1995-1999 of 0.036/million persons, based
on data from California, Florida, Louisiana, and Texas) reported by ISSC
(2001, 2002). At present, the number of Vibrio illnesses reported annually
is small. For example, in Florida the 40 and 60 percent illness reduction
goals represent a drop in reported illnesses from nine/year to five/year by
2006, and to four/year by 2008 (see Table 4-8 and Table 4-9). The recent
increase in reporting from states that had not previously monitored Vibrio
illnesses shows that national trends for reported illnesses are similar to those
for the core states.

Management plans are also being considered to address illnesses due
to Vibrio parahaemolyticus (Vp) from raw shellfish. Illnesses resulting from
this source are less severe than for Vv, but occurrence is not confined to at-
risk consumers. Further, international occurrence of certain Vp strains sug-
gests the possibility of a pandemic infection because these strains have been
identified as deriving from a known pathogenic strain of Vp (Chowdjury
et al., 2000). Vp is a leading cause of seafoodborne illnesses in Japan and
eastern Asian countries noted for higher consumption of raw seafood.

Infections in the United States are more sporadic and have involved
crabs, shrimp, and crayfish, with cross-contamination of raw and previously
cooked product as a contributing factor, although raw oysters remain the pri-
mary vehicle for Vp infections. Vp elicited little response from the National
Shellfish Sanitation Program (NSSP) prior to two major outbreaks in the Gulf
Coast region in 1997 and 1998, some cases of which involved a previously
unreported and more virulent serotype (03:K6) from Asia (FDA, 1999).
Recent outbreaks of Vp have also occurred in the more temperate waters of
the northwest United States and Canada (Fyfe et al., 1998; CDC, 2006a,b).
Infection prevention is complicated by the ability of Vp to grow in the oysters
after harvest, particularly in the absence of adequate temperature control.
Preventive measures for Vp are similar to those for Vv and include cooking,
post-harvest temperature controls, and consumer and processor education
and processing innovations. In the absence of regulatory mandates the FDA
offers voluntary guidance indicating that no more than 10,000 bacteria per
gram of raw shellfish (FDA, 2001b) should be present.

Other Bacterial Hazards

In addition to Vibrios, a variety of potentially pathogenic bacteria have
been associated with seafood safety risks, though actual occurrence is very
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TABLE 4-9 Human Pathogens Associated with Seafood

Isolated  Proven
from Pathogen  Pathogen
Pathogens Seafoods in Seafood Source?

Organisms That Can Cause Disease in Normal, Healthy Adults

Bacteria
Vibrio cholerae O1 Yes Yes 1,2
Vibrio chloerae non-O1% Yes Yes 1
Vibrio parabaemolyticus Yes Yes 1
Vibrio mimicus Yes Yes 1
Vibrio fluvialis Yes Yes 1
Vibrio furnissii Yes Yes 1
Vibrio hollisae Yes Yes 1
Salmonella typhic Yes Yes 2,3
Salmonella (nontyphoidal) Yes Yes 2,3
Campylobacter jejuni Yes Yes 2,3
Escherichia coli Yes No 2,3
Yersinia enterocolitica Yes No 2,3
Clostridium botulinum Yes Yes 2,3
Shigella Yes Yes 2,3
Staphylococcus aureus Yes Yes 3
Hekminths
Anisakis simplex Yes Yes 1
Other helminths Yes Yes 1
Viruses
Poliovirus Yes No 2
Other picornaviruses Yes No 2
Norwalk/Snow Mountain/small round viruses (SRVs)  No Yes 2
Enteral non-A, non-B, hepatitis No Yes 2
Hepatitis A Yes Yes 2,3
Organisms That Cause Disease Most Often in Special Population Groups
Vibrio vulnificus? Yes Yes 1
Rotavirus® Yes No 2
Listeria Yes No 1,3
Organisms with Uncertain Roles as Foodborne Pathogens
Aeromonas hydrophila Yes Yes 1
Plesiomonas shigelloides Yes Yes 1
Edwardsiella tarda Yes No 1

(1) Harvest water/associated with naturally occurring aquatic bacteria; (2) harvest
water/associated with fecal pollution; (3) associated with processing and preparation (cross-
contamination or time/temperature abuse, infected food handlers).

bCauses gastroenteritis in normal, healthy hosts; can cause septicemia in persons in high-risk
groups.

“Primarily of historical association in the United States, but remains a problem in some
foreign countries and could affect imports.

9[lIness usually confined to high-risk groups.

eIllness generally occurs in children under the age of 2; older persons are usually immune.

fAeromonas can cause serious wound infections and septicemia; however, conclusive data on
its role as a cause of gastroenteritis are lacking. Studies suggesting that it is a gastrointestinal
pathogen have not implicated seafood as a risk factor for illness.

SOURCE: IOM, 1991.
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rare or not reported due to lack of severity of symptoms (see Table 4-9)
(IOM, 1991). The two principle pathogens of concern are Salmonella spp.
and Listeria monocytogenes.

Salmonella is a bacterium of widespread occurrence in animals, espe-
cially in poultry and swine. Environmental sources of the organism include
water, soil, insects, factory and kitchen surfaces, animal feces, raw meats and
poultry, and raw seafoods. S. typhi and the paratyphoid bacteria normally
cause septicemia and produce typhoid or typhoid-like fever in humans.
Other forms of salmonellosis generally produce milder symptoms (Source:
http://www.cfsan.fda.gov/~mow/chap1.html).

Listeria monocyotogenes is a bacterium that can cause a serious infec-
tion in humans called listeriosis. Foodborne illness caused by L. monocyto-
genes in pregnant women can result in miscarriage, fetal death, and severe
illness or death of a newborn infant. Others at risk for severe illness or death
are older adults and those with weakened immune systems. L. monocyto-
genes can grow at refrigerator temperatures and is found in ready-to-eat
foods (Source: http://www.cfsan.fda.gov/~dms/adlister.html 2003).

Federal regulation prohibits the sale of any raw or cooked seafood
products contaminated with any Salmonella, or cooked, ready-to-eat sea-
food products contaminated with any L. monocytogenes (CFSAN, 2001)
(see Appendix Table B-4). The zero tolerance policy for Salmonella on any
seafood product is historically based on concerns for unsanitary practices
that contaminated a food after harvest. The presence of any Salmonella on
seafood from freshwater or saltwater harvests is considered an adulterant.
Inland aquacultural production can expose farmed seafood to Salmo-
nella from other animal sources including neighboring wildlife. Koonse
et al. (2005) evaluated both product and environments (source water and
grow-out pond water) from shrimp aquaculture across six countries, and
found a significant association between the concentrations of Salmonella
and both fecal coliforms and E. coli. Nevertheless, the occurrence of sea-
foodborne salmonellosis is rare. Reported cases are usually the result of
cross-contamination or unsanitary handling practices (Koonse et al., 2005).
Proper sanitation that includes adherence to Hazard Analysis and Critical
Control Point (HACCP) regulatory requirements for daily sanitary monitor-
ing and records plus cooking of seafood appear to be adequately controlling
Salmonella in seafood.

Likewise, proper sanitary practices and cooking temperature remain
the primary control points to prevent potential illnesses due to contamina-
tion from particular types and amounts of L. monocytogenes (Lm) that
have been found on certain seafood products (Gombas et al., 2003). The
most likely vehicle of transmission is previously cooked and ready-to-eat
(RTE) seafood products with prolonged refrigerated storage that could al-
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low further growth of these more cold-tolerant pathogens. The incidence of
reported illnesses for L. monocytogenes for all foods significantly declined
by 32 percent from 1996 to 2005 (CDC, 2006a), and there are few reports
involving seafood products confirmed by CDC.

Regulatory control of C. botulinum includes processing for canned
products, reduced oxygen packaging, smoking, fermenting, and pickling
(FDA, 2001a). The C. botulinum is destroyed by heat processing. Botulinum
poisoning is rare and usually involves previously cooked and ready-to-eat
(RTE) products that have not been properly heat processed. Through 2004,
there have been no documented cases of botulism from any fresh seafood
product regardless of packaging (Austin and Smith, 2006) with one excep-
tion. This involved a whole fresh fish including uncooked viscera, prepared
and consumed in Hawaii (CDC, 1991). None of the 19 incidences of botu-
lism cited by Bryan (1980) involved fresh fish. In addition, the CDC (2005a)
reported no incidences of C. botulinum for foodborne illnesses cited.

The remaining bacteria with proven pathogenicity in seafood have not
posed any significant risk beyond occurrences and causes recognized with
other foods. The controls for these hazards are similar in terms of sanitation,
proper cooking, and proper refrigeration. They currently pose no unique
trend in occurrences that suggest increased exposure risk through seafood
consumption.

Viruses

There are a large number of seafoodborne illnesses of unknown etiology
generally classified as norovirusal. Evidence is lacking due to limitations in
the methodology for culturing and enumerating viruses; further identifica-
tion is difficult. Current controls rely on monitoring of harvest waters used
in production of molluscan shellfish intended for raw consumption (ISSC,
2003a). Water classification or approval protocols rely on indicators associ-
ated with the presence of viruses rather than actual measures for a particular
virus. Contamination of water with human fecal matter on or near oyster
beds has resulted in shellfishborne “Norwalk-like” viruses (NLV) and hepa-
titis A (HAV) infections in consumers of raw oysters harvested from the
contaminated waters (Kohn et al., 1995).

Monitoring of water for indicators associated with the presence of
viruses remains the primary control for products to be consumed raw
because most new post-harvesting processing methods, including irradia-
tion, used to reduce Vv in raw oysters have not been proven effective for
reduction of viruses. Improvements in water classification programs may
include advancing methodologies using PCR-based identification and moni-
toring for viruses in water and seafood products.
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Parasites

Consumption of raw or undercooked seafood products that had not
been previously frozen has been implicated in certain human parasitic in-
fections. Table 4-10 lists the parasites and seafood choices that have been
involved in previous documented illnesses. Incidence of parasitic infection
is far more common in regions of the world where raw consumption is
more frequent (Table 4-11). Seafoodborne infections are more prevalent
in these regions than in the United States due to agricultural practices
and reliance on freshwater sources that support the life cycle of certain
hazardous parasites (Rodrick and Cheng, 1989; Sakanari et al., 19935).
Since their adoption, HACCP programs, which include specific controls to
prevent parasite infections, suggested incidence levels were underreported
and expected to increase as consumer trends favored more consumption
of raw selections (Jackson, 1975; Olson, 1986; McKerrow et al., 1988).
The American Gastroenterological Association (AGA) surveyed approxi-
mately 30 percent (996 members) of the active AGA practitioners located
in coastal states along the Pacific, Atlantic, and Gulf of Mexico, areas prone
to parasite exposure (Personal communication, G. Hoskins, FDA Office of
Seafood, December 2005). Survey respondents (over 58 percent) estimated

TABLE 4-10 Parasites and Products Involved in Documented Incidences
of Parasitic Infection

Fishborne parasites involved Some raw and undercooked seafood dishes involved in
in human infections resulting  parasitic infections for products and recipes that are not
from consumption? previously frozen?

e Tapeworms (Cestodes) e Cold-smoked fish (low-temperature smoked fish)
Diphyllobothrium latum e Ceviche (raw fish in lime juice or other pickling)
Diphyllobothrium pacificurn ® “Drunken crabs” (crabs marinated in wine and pepper)

e Dutch green herring (light pickled herring)

e Flukes (Trematodes) e Gravlax (type of cold-smoked salmon)

Clonorchis sinensis e Hawaiian lomi lomi (chopped raw salmon with bell

Opisthorchis viverrini peppers and tomatoes)

Heterophyes heterophyes e Japanese “salad” (raw fish, fresh lettuce, and soy sauce)

Metagonimus yokogawai e Pacific Island poisson cru (raw fish fillet in a coconut
milk recipe)

® Roundworms (Nematodes) ¢ Palu (fermented fish head and viscera recipe)
Gnathostoma spinigerum e Philippine bagoong (a fermented paste made from whole
Capillaria philippinensis fish)

Sashimi (raw fish slices)

Sushi (raw seafood with rice and seaweed)

Tako poki (Japanese and Hawaiian raw squid or raw
octopus dish)

SOURCES: “Higashi, 1985; FDA, 2001a; ®Sakanari et al., 1995; FDA, 2001a.

Anisakis simplex
Phocanema spp.
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TABLE 4-11 Estimated Annual Occurrence of Parasitic
Infections Due to Consumption of Seafood, Based on
Original Compilation by FDA

Parasite Worldwide USA Source
Tapeworm 9,000,000 100,000 Bylund, 1982
Fluke 20,000,000 Relatively low Rim, 1982
Roundworm 2000+ 50 Higashi, 1985

SOURCE: As referenced in FDA, 1987.

the number of cases over 24 months during 1998-2000 at 38 parasitic
infections, of which 17 were anisikiasis, 16 were diphyllobothriasis, and 5
were pseudoterranoviasis. In the final report, the AGA estimated the actual
number of infections would likely be 270 cases. This survey is considered
one of the most current estimates for seafoodborne parasite infections in
the United States but as a single survey, it is also considered underreport-
ing. Nevertheless, seafoodborne parasitic infections are not common in the
United States.

The guidelines for seafood processing and handling that accompanied
the FDA mandate for HACCP regulations introduced additional specific
controls to further prevent seafoodborne parasitic infections (FDA, 2001a).
The FDA identified seafood species of concern (Table 4-12) and controls
for HACCP program compliance (Table 4-13). Cooking and freezing had
previously been reported as effective methods to kill parasites in order to

TABLE 4-12 Seafood Identified by the FDA that Could Involve Potential
Parasite Hazards If Consumed Raw and Not Previously Frozen

Bass, Sea Herrings Rockfish Trevally

Caplin Hogfish Sablefish Trout

Cobia Jacks Salmon? Tuna®

Cod Kahawai Scad Turbot

Corvina Mackerels Sea trout Wolffish

Eelpout Monkfish Snapper

Flounders,® Sole, Mullet Sprat Octopus
Dab, and Fluke Perch, Ocean Thorny head Squid

Grouper Plaice Tomcod

Halibut Pollock Tongue sole Snails

NOTES: The general market names can include numerous species from various locations. The
original sources should be referenced for actual species identified.

Includes wild and aquacultured sources if fresh fish or plankton used as feed.
bQOnly applies to small tuna species; excludes large tuna species such as the yellowfin, bigeye,
bluefin, and albacore.

SOURCE: FDA, 2001a.
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TABLE 4-13 FDA Recommended Controls to Reduce or Eliminate

Potential Parasite Hazards from Seafood

Procedure FDA Recommendation Comment
Parasite  Trimming away of suspect and Not recommended as sole preventive
Removal identified portions and/or portions method
identified with candling
Cooking  Heating of raw fish sufficient to kill FDA Food Code (2005¢) definition for
bacterial pathogens cooked seafood is an internal product
temperature of 145°F for 15 seconds
Freezing  Freezing and storing at —4°F or below ~ FDA’s Food Code recommends

for 7 days or freezing at -31°F or
below until solid and storing at —=31°F
or below for 15 hours, or freezing at

these freezing conditions to retailers
who provide fish intended for raw
consumption

-31°F or below until solid and storing
at —4°F or below for 24 hours

SOURCE: FDA, 2001a, International Food Safety Council (http://www.foodsafety.gov/~dms/
sept/99-week1.html).

prevent infections (Bier, 1976; Deardorff and Throm, 1988; FDA, 2001a).
The current HACCP program requires freezing for certain species intended
for commercial use as sushi and related raw seafood products (FDA, 2001a).
Given the widespread adoption of HACCP and infrequent incidence of
reported infections, concern about parasitic infection may not be deterring
consumers from raw seafood consumption. Consumers may still choose to
consume raw seafood products that have not been frozen previously.

Naturally Occurring Toxins

Ciguatera and Scombroid

Ciguatera and scombrotoxin are the two most persistent seafoodborne
toxicants (IOM, 1991). Ciguatoxins, acquired through the local environ-
mental food chain prior to harvest, may involve a variety of toxins from cer-
tain dinoflagellates. Ciguatera arises in certain fish harvested from specific
tropical to subtropical regions about South Florida, the Caribbean region,
and Hawaii. Reports in Florida suggest there is no evidence for increasing
incidence (Personal communication, R. Hammond, Florida Department
of Health, Tallahassee, FL, December 2005) (see Table 4-14). These data
do not distinguish harvest source, but they do identify the more probable
species of concern. Occurrence involves recreational as well as commercial
harvests. Risk of ciguatera may increase with illegal recreational sales (not
subject to HACCP controls) and with increasing imports of certain fish
from affected areas.
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TABLE 4-14 Reported Incidences for Ciguatera and Scombroid in the
United States and by Selected States

Years and Ciguatera Scombroid Poisoning
Locations Outbreaks Cases Outbreaks Cases
1993-19974 60 total 205 total 69 total 297 total
USA Avg-12/year Avg-41/year Avg-14/year Avg-59/year
1990-1998°
Hawaii 73 total 260 total 46 total 287 total
Avg-8/year Avg-29/year Avg-Slyear Avg-32/year
Florida 16 total 82 total 10 total 55 total
Avg-2/year Avg-9lyear Avg-1/year Avg-6/year
Floridac
1994 3 13 5 14
1995 2 4 6 55
1996 8 30 5 9
1997 9 30 4 11
1998 5 37 5 14
1999 5 21 5 19
2000 9 31 3 10
2001 5 27 8 20
2002 5 10 3 4
2003 3 5 6 35
Avg-5.4/year Avg-21/year Avg-5.0/year Avg-19/year

SOURCES: “Olson et al., 2000; *Huss et al., 2004; Personal communication, R. Hammond,
Florida Department of Health, Tallahassee, FL, December 2005.

Subsequent handling, storage, or cooking cannot substantially reduce
the risk. The toxic dose and consumer susceptibility remain in question
while regulatory controls simply call for avoidance of certain fish from
suspect areas. Absence of testable material, errant recall, and consumer
misnaming can confuse species identification in reported illnesses. Despite
product claims for utility, there are no reliable test kits to screen for cigua-
tera due to limited specificity for the toxins (Hungerford, 2005). Species
avoidance may be the best control to reduce the potential hazard (Lange
et al., 1992; Lehane, 1999). Barracuda is a common culprit that should be
avoided (Morton and Burklew, 1970). Federal regulations for controls of
ciguatoxins advise against consumption of certain species, and avoidance of
fish from harvest locations with prior evidence of occurrence (FDA, 2001a).
This advice is compromised by lack of area designations, unpredictable
changes in the local food chains, and fish migration. Future controls could
involve species restrictions from designated areas.

Scombroid poisoning, also known as histamine poisoning, involves
thermal abuse of certain fish resulting in elevated levels of histamine con-
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centrations that can invoke allergic-type reactions in susceptible consumers
of raw or cooked fish. Cooking does not diminish these toxins. The pri-
mary fish involved include tunas and mackerels from the Scombridae
family of fish—thus the name—and related species mahi-mahi (Coryphaena
hippurus), escolar (Lepidocybium flavobrunneum), and others. The common
feature distinguishing these fish is a higher proportion of free amino acids,
i.e., histidine, lysine, and ornithine, naturally occurring in the muscle tissue,
which can be decarboxylated to histamine, cadaverine, and putrascine. This
conversion is driven by temperatures that allow growth of certain bacteria
to generate the decarboxylating enzymes. Although regulatory action levels
for histamine content (<50 ppm) have been established to prevent illnesses,
cadaverine and putrascine have the potential to cause illness even in the ab-
sence of histamine (FDA, 2001a). Inadequate cooling at the point of harvest
is considered the primary problem, and subsequent abuse can increase the
potential hazard. Temperature control from harvest until consumption is
recommended by the FDA (2001a). In the United States, HACCP mandates
thermal controls from harvest through processing; most illnesses which con-
tinue to appear involve recreational harvests and imports. The incidences of
illness could increase as more supply of affected species is imported and the
illegal sale of recreational fish is not addressed with pertinent enforcement.

Shellfish Toxins

Naturally occurring toxins that have been associated with illnesses re-
sulting from the consumption of certain molluscan shellfish such as oysters,
clams, and mussels harvested from locations with specific environmental
conditions include:

Paralytic Shellfish Poisoning (PSP)
Neurotoxic Shellfish Poisoning (NSP)
Diarrhetic Shellfish Poisoning (DSP)
Amnesic Shellfish Poisoning (ASP)

The filter-feeding mollusks accumulate the toxins in their viscera from the
waters harboring naturally occurring marine algae (phytoplankton) that
produce the toxins. Occurrence has involved both domestic and imported
marine mollusks from tropical and temperate waters, depending on the par-
ticular species of phytoplankton and water conditions. Recent international
reports include a comprehensive assessment of the potential occurrences
that warrant closer scrutiny of particular algal species in various locations
(FAO/TOC/WHO, 2004).

Related illnesses are rare but poisoning from shellfish toxins can be
severe and deadly. Cooking is not considered sufficient to control potential
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toxic levels in seafood (FDA, 2001a). Regulatory monitoring programs have
been effective; but new toxins and plankton blooms are emerging world-
wide, particularly in areas less subject to surveillance. Incidences of toxicity
could increase without controls, although the likelihood for an outbreak is
low. Appendix Table B-4 identifies tolerances and action levels set by federal
agencies for potentially problematic products.

Chemotherapeutants

Most aquaculture operations depend on the use of various chemothera-
peutants to control infectious diseases (FAO/NACA/WHO Study Group,
1999; FDA, 2001a). Aquaculture initially relied upon the same antimicro-
bials employed for production of beef and poultry and other land-based
farming. The resultant food safety concerns, as for land-based agriculture,
include possible toxic residue in the edible portions, contributions to po-
tential antibiotic-resistant diseases (for both animals and consumers), and
concomitant issues involving environmental contamination. Although the
volume of chemotherapeutants used in aquaculture is far less than for other
medical practices and agricultural production, international aquacultural
use with less scrutiny may increase. Product seizures due to the presence of
chemotherapeutants in some imported farm-raised seafood have occurred.
(Allshouse, 2003; http://www.fda.gov/ora/oasis/3/ora_oasis_i_16.html;
http://www.fda.gov/ora/oasis/1/ora_oasis_i_16.html).

Compounds of concern have included chloramphenicol, nitrofurans,
fluoroquinolone, malachite green, and others (Table 4-15). All of these an-
timicrobial/antifungal agents have been used at some time for aquacultural
production in the United States, prior to the implemention of restrictions by
federal agencies (FDA, 2005f). The established level of controls is zero toler-

TABLE 4-15 Antimicrobial/Antifungal Agents Used at Some Time for
Aquaculture Production in the United States

Illegal Antibiotic or Chemotherapeutant Action Level Based on Detection Limit
Chloramphenicol 0.3 ppb

Nitrofurans 1.0 ppb

Malachite green 1.0 ppb

Fluoroquinolones 5.0 ppb

Quinolones (Oxolinic Acid, Flumequine) 10.0 ppb (oxolinic acid) and 20.0 ppb
Ivermectin 10.0 ppb

Oxytetracycline 2.0 ppm

NOTES: ppb = parts per billion; ppm = parts per million.
SOURCE: Personal communication, W. Jones, Food and Drug Administration, October 12,
2006.
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ance, based on the most current limits for analytical detection (Hanekamp,
2003), which currently range in parts per billion (ppb) for residuals. Similar
limits are in place in other developed nations that depend on seafood im-
ports (Kulkarni, 2005).

The actual food safety risk resulting from the use of chemotherapeutants
in aquaculture has been difficult to assess for lack of surveillance for the
types and extent of use, and uncertainty about the hazards (FAO/NACA/
WHO Study Group, 1999; Caprioli, 2000; Hanekamp, 2003). Toxic effects
from the very low, ppb levels encountered in some aquacultured foods have
been questioned (Hanekamp, 2003). Some studies have suggested probable
transmission of antimicrobial-resistant bacteria in aquacultured food (Ervik
et al., 1994; Weinstein et al., 1997; Angulo, 1999; Duran and Marshall,
2005). Yet recent reviews compiled by the Institute of Food Technologists
(ITF, 2006) indicate the use of “chemical and biological antimicrobials and
physical preservation systems has been remarkably successful in providing
safe foods and has not been compromised by the occurrence of resistent
microorganisms.” The list of chemotherapeutants approved for use in aqua-
culture is limited and there is strict monitoring of finished products.

Analytical procedures for detecting chemotherapeutants in the ppb
range are expensive and time-consuming which may deter routine sampling
of aquacultured products. Prevention of illegal use of chemotherapeutants
may be achieved through education and development of “best aquaculture
practices” (Florida Department of Agriculture and Consumer Services,
2005). Programs are emerging to address this need in both domestic (Otwell
et al., 2001; ACC, 2004) and international settings (http://www.gaalliance.
org/resp.html; http://www.aquaculturecertification.org/index.html; Otwell
et al., 2001). Agencies in the United States have developed programs to ad-
vance approval and use of additional chemotherapeutants, as exemplified by
the recent recognition for use of florfenicol in catfish farms (FDA, 2005b).

Seafood Allergens

According to the recommended definitions for adverse food reactions
(Anderson, 1986; O’Neil and Lehrer, 1995; Adverse Reactions to Food
Committee, 2003), a seafood allergy involves an immunologic reaction fol-
lowing exposure to a seafood. The true prevalence of seafood allergies in the
United States is unknown and difficult to estimate (Bush, 1995), although
they remain among the most common food-induced allergies (Taylor and
Bush, 1988; O’Neil et al., 1993; Hefle, 1996) (see Table 4-16). They are
more commonly associated with adults (Taylor and Bush, 1988). In general,
the prevalence of food allergies is overestimated (Sampson, 1992; O’Neil
and Lehrer, 1995) for lack of proper diagnosis or confusion with other
food sensitivities, but actual occurrence of seafood allergies is estimated
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TABLE 4-16 Most Commonly
Implicated Foods in Food Allergy Listed
by Most Common Age Group Involved
According to the Original Source

Adults Children
Peanuts Cow milk
Tree nuts Eggs
Soybeans Soybeans
Fish Peanuts
Crustaceans Wheat
Tree nuts

SOURCE: Hefle, 1996.

to affect less than 2 percent of the US population (Hefle, 1996). Of this
group, 280,000 to 500,000 consumers may be at risk for developing al-
lergic reactions to seafood (Lehrer, 1993; O’Neil and Lehrer, 1995). Since
exposure is the mediating factor, occurrence tends to be more prevalent near
coastal regions and will likely increase as per capita seafood consumption
increases (Lehrer, 1993; O’Neil et al., 1993; O’Neil and Lehrer, 1995).

Exposure can involve ingestion, inhalation (of vapors), or product han-
dling for consumption or occupation. Likewise, potential exposure can be
hidden as the presence of the particular seafood item may not be obvious
or expected due to an unidentified ingredient or misidentified ingredients
(i.e., fish-based surimi used in a “crab” salad). It can also result from cross-
contamination of nonallergenic foods from handling either with the same
improperly cleaned utensils or through subsequent cooking in the same
containers or cooking media (frying oil or boiling water) as seafood (O’Neil
and Lehrer, 1995; Hefle, 1996).

Similar food intolerances that are misidentified as a seafood allergy can
involve an abnormal physiological or sensitive response to components ac-
companying the seafood (Taylor and Nordlee, 1993). Exposure to sulfiting
agents is a common suspect. Sulfites are among the most widely used food
additives in the food industry (IOM, 1991; Otwell et al., 2001). They are
approved for use in preventing discoloration caused by indigenous enzyme
activity on shrimp, lobsters, and other crustaceans (FDA, 2001a). If the sul-
fite residual on certain foods is excessive and not bound to the food matrix,
exposure for certain asthmatic consumers could result in serious reactions.
The prevalence of such reactions has been estimated at approximately 3.9
percent of asthmatic patients (Bush et al., 1986). Adverse reactions to sulfite
residuals on properly treated seafood are rare, since the sulfiting agents are
usually bound to the food protein matrix and are not readily released in the
throat or nasal areas during consumption. Regulatory HACCP mandates
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also specify requirements for distinct labeling of any seafood exposed to
sulfiting agents.

Consumer awareness and labeling remain the most effective measures
to prevent exposure to seafood that could elicit a food sensitivity response.
Commercial practices for dual processing or preparation of other foods
in facilities or with utensils used for seafood must avoid potential cross-
contamination that could result in unanticipated exposures. Requirements
to identify seafood or any use of seafood ingredients, as well as certain food
additives, have been emphasized by the HACCP mandate (FDA, 2001a) re-
quiring appropriate hazard analysis to identify any potential food sensitivity
risks controlled through proper cleaning, product segregation, or product
identification in order to prevent a potential hazard.

Adverse Effects Associated with Omega-3 Supplementation

While there is extensive research suggesting health benefits from the
consumption of EPA/DHA found in fish oils, there are also data that indicate
that overconsumption of fish oils could have adverse consequences. Evi-
dence suggests that EPA and DHA may increase bleeding time, specifically
by reducing platelet aggregability, and prolonged bleeding times in humans
whose diets were supplemented with fish oil have been observed (e.g., Jensen
et al., 1988; Rodgers and Levin, 1990; Harris et al., 1991). After reviewing
this literature, FDA concluded that prolonged bleeding is not a significant
risk at levels of consumption of up to 3 grams per day of EPA and DHA
(Source: http://www.cfsan.fda.gov/~dms/ds-ltr11.html). This conclusion was
the basis for FDA’s recommendation, which remains in force, that consump-
tion of EPA and DHA combined should be limited to 3 grams per day, of
which 2 might come from supplements.

Other potentially adverse effects of excessive consumption of fish oils
include reduced glycemic control among diabetics, increased levels of low-
density lipoprotein (LDL) cholesterol among diabetics and hyperglycemics,
and immunosuppressive effects. FDA determined that limiting consumption
of EPA and DHA to 3 grams per day would protect against these effects
also.

Since some contaminants that may be found in seafood are lipophilic,
including PCBs, DDT and its metabolites, DLCs, and polyaromatic hydro-
carbons (PAHs), they may tend to concentrate in the fish oil. It is important
to recognize that dietary supplements, including fish oils sold as supple-
ments, are subject to the same regulations regarding adulteration as are
conventional foods. A food is considered adulterated if it “bears or contains
any poisonous or deleterious substance which may render it injurious to
health” or if it “has been prepared, packed, or held under insanitary condi-
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tions whereby it may have become contaminated with filth, or whereby it
may have been rendered injurious to health” (21 USC 342(a)(1) & (4)).

Fish-oil supplements are regulated by FDA under the provisions of the
Dietary Supplement Health and Education Act (DSHEA). This law provides
that no FDA safety notification is needed for dietary supplement ingredients
that were already on the US market prior to October 15, 2004. Fish oils
are “grandfathered” under this provision, and thus there are no standards
of identity for commercial fish-oil dietary supplements. Further, there is no
provision under any law or regulation that requires a firm to disclose to
FDA or consumers the information they have about the safety or purported
benefits of their fish-oil products.

FDA is, however, empowered to remove from the market any fish-oil
supplement that is not of adequate purity to ensure consumer safety under
normal conditions of use. Since FDA has limited resources to analyze the
composition of food products, including dietary supplements, it focuses
these resources first on public health emergencies and products that may
have caused injury or illness. Enforcement priorities then go to products
thought to be unsafe or fraudulent or in violation of the law.

Fish-oil products, as opposed to fish themselves, can be processed to
remove undesirable constituents. An industry trade association, the Council
for Responsible Nutrition, established voluntary standards for its members
in October of 2002. These standards limit concentrations of contaminants
in fish-oil products as follows:

e DLGCs: <2 pg TEQ/g
e PCBs: £0.09 ug/g
¢ Heavy metals (lead, cadmium, mercury, arsenic): all <1 pg/g

Data submitted to FDA by the National Fish Meal and Oil Association
on pesticide and PCB analysis in fish oil, conducted under Title 21, Code
of Federal Regulations, Parts 109 and 509 “Action Levels for Poisonous
or Deleterious Substances in Human Food and Animal Feed,” indicated
that multiple samples of menhaden and fish oil (refined and crude) did
not contain detectable levels of a panel of pesticides, PCBs, and diox-
ins (Source: http://www.fda.gov/ohrms/dockets/dailys/02/Jul02/070202/
99p-5332_sup0003_01_voll.pdf).

Summary of Evidence

In summary, while certain hazards associated with specific species (e.g.,
scombroid poisoning) and lack of compliance with food safety guidelines
(e.g., eating raw molluscan shellfish) persist, reviews of reported seafood-
borne illnesses indicate that more acute seafood safety hazards are not
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increasing. This trend seems to be due in part to the food safety control
measures mandated since 1997 (e.g., HACCP and monitoring of sanitation
control procedures); the new labeling requirements providing educational
support; and specific management plans implemented by regulatory and
industry partnerships to address the more serious illnesses associated with
consumption of raw molluscan shellfish. However, the potential for misuse
of chemotherapeutants in domestic and imported aquaculture products is
a source for concern about the presence of toxins and increased antimicro-
bial resistance in seafood, particularly in light of increasing dependence on
aquacultured products.

CHAPTER CONCLUSION

The committee’s review of evidence on risks associated with consump-
tion of seafood drew on current research reports and reviews, published
reviews from stakeholder groups, invited presentations made to the com-
mittee, and correspondance with experts in areas relevant to the statement
of work. One component of the committee’s charge was to identify and pri-
oritize the potential for adverse health effects from both naturally occurring
and introduced toxicants in seafood. The conclusion from the committee’s
review of evidence is that, among chemical contaminants, methylmercury
presents as a greater concern for adverse health effects, whereas the risk
associated with dioxins and PCBs in seafood remains uncertain due to
both the availability of evidence and the strength of the findings, and that
microbial hazards, particularly those associated with handling and cooking
practices, pose a more controllable yet persistent seafood-related risk from
the standpoint of public health concerns.

FINDINGS

1. Levels of contaminants in seafood depend on several factors, includ-
ing species, size, harvest location, age, and composition of feed. Methyl-
mercury is the seafoodborne contaminant for which the most exposure
and toxicity data are available; levels of methylmercury in seafood have
not changed substantially in recent decades. Exposure to dioxins and
PCBs varies by location and vulnerable subgroups (e.g., some American
Indian/Alaskan Native groups living near contaminated waters) may be
at increased risk. Microbial illness from seafood is acute, persistent, and a
potentially serious risk, although incidence of illness has not increased in
recent decades.

2. Methylmercury is the seafoodborne contaminant for which the most
comprehensive exposure and toxicity data are available for the purpose of
deriving quantitative estimates of the risks.
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3. The evidence pertaining to the health risks associated with consump-
tion of seafoodborne contaminants derives from observational studies,
primarily cross-sectional and prospective cohort in design. The use of a ran-
domized clinical trial to evaluate contaminant risks would be unethical.

4. The metrics used to characterize the risks associated with consump-
tion of seafoodborne contaminants, such as the reference dose, are useful in
identifying a contaminant intake level that is considered, based on available
data, to be “without an appreciable risk of deleterious effects during a life-
time.” Such metrics are not useful, however, in characterizing the increase
in risk that is associated with intake levels that are above the reference dose.
The dose-response modeling used to identify the BMD and BMDL could
be used to characterize the risks although it is important to recognize that
the estimates will be influenced by the assumptions made regarding, for
example, the appropriate dose-response function.

5. Reference levels for the intake of contaminants, such as the RfDs
for methylmercury and dioxin-like compounds, can be misinterpreted as
“bright lines,” i.e., that intakes above the level are “harmful” and intakes
below the level are “safe.”

6. With regard to trends in population exposures to chemical
contaminants,

a. On the basis of nationally representative data on the US popu-
lation, the median blood mercury level was unchanged over the period
1999-2002.

b. Exposures to PCBs and dioxin-like compounds are decreasing on
a population basis, but exposures can vary greatly according to geographic
region and consumption patterns so that particular subgroups of the popula-
tion could be at increased risk.

7. Increased methylmercury exposure might be a risk factor for adult
cardiovascular toxicity, although the data available are not extensive and
uncertainties remain.

8. Considerable uncertainties are associated with estimates of the health
risks to the general population from exposures to MeHg and POPs at
levels present in commercially obtained seafood. The available evidence to
assess risks to the US population is incomplete and useful to only a limited
extent.

9. Estimates for trends in chemical contaminants in the seafood supply
depend on harvest location and products of concern.

a. Concerns regarding levels of PCBs and DLCs in certain aquacul-
tured products can be addressed by means of further scrutiny of feed content
and uses.

b. The levels of methylmercury in marine seafood do not appear to
have changed systematically in recent decades.

10. New potential chemical-associated risks continue to be identified
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in seafood and other foods (e.g., polybrominated diphenyl ethers and other
persistent organic pollutants), although inadequate data on exposure, tox-
icities, or both make it difficult to define the dimensions of the potential
risks.

11. Consumers are exposed to a complex mixture of dietary and non-
dietary contaminants whereas most studies of the risks associated with sea-
food focus on a single contaminant. The extent to which such co-exposures
might affect the toxicity of seafoodborne contaminants is largely unknown.
Similarly, few data are available on the extent to which beneficial compo-
nents of seafood, such as selenium and omega-3 fatty acids, might mitigate
the risks associated with seafoodborne contaminants.

12. Reported seafoodborne illnesses indicate acute hazards are not
increasing, but certain hazards associated with specific species and consumer
preference (e.g., eating raw molluscan shellfish) persist.

13. Increased dependence on aquacultured and imported products is
raising concerns for certain potential hazards.

a. Use of illegal chemotherapeutants in certain aquaculture
operations.

b. Various microbial and chemical contaminants in products subject
to limited regulatory surveillance.

RECOMMENDATIONS

Recommendation 1: Appropriate federal agencies (the National Oceanic
and Atmospheric Administration [NOAA], the US Environmental Protec-
tion Agency [US EPA], and the Food and Drug Administration [FDA] of the
US Department of Health and Human Services) should increase monitoring
of methylmercury and persistent organic pollutants in seafood and make
the resulting information readily available to the general public. Along with
this information, these agencies should develop better recommendations
to the public about levels of pollutants that may present a risk to specific
population subgroups.

Recommendation 2: Changes in the seafood supply (sources and types
of seafood) must be accounted for—there is inconsistency in sampling and
analysis methodology used for nutrient and contaminants data that are
published by state and federal agencies. Analytical data is not consistently
revised, with separate data values presented for wild-caught, domestic, and
imported products.

Research Recommendations

Recommendation 12: More complete data are needed on the distribu-
tion of contaminant levels among types of fish. This information should be
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made available in order to reduce uncertainties associated with the estima-
tion of health risks for with specific seafoodborne contaminant exposures.

Recommendation 13: More quantitative characterization is needed
of the dose-response relationships between chemical contaminants and
adverse health effects in the ranges of exposure represented in the general
US population. Such information will reduce uncertainties associated with
recommendations for acceptable ranges of intake.

Recommendation 14: In addition, the committee recommends more
research on useful biomarkers of contaminant exposures and more precise
quantitative characterization of the dose-response relationships between
chemical contaminants and adverse health effects in the ranges of exposure
represented in the general US population, in order to reduce uncertainties
associated with recommendations for acceptable ranges of intake.
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Analysis of the Balancing of Benefits and
Risks of Seafood Consumption

priate to the needs of US consumers for selecting seafood in ways that

balance nutritional benefits against exposure risks. In the committee’s
judgment, there are three distinct steps in the process of designing consumer
guidance about balancing benefits and risks in making seafood consumption
decisions (see Box 5-1). After a brief overview, this chapter addresses the first
step in the process: the scientific assessment and balancing of the benefits
and risks of seafood consumption. Subsequent chapters address the second
and third steps in the process.

The scientific assessment and balancing of the benefits and risks of seafood
consumption contained in this chapter is based on the evidence presented in
Chapters 3 and 4. The committee found that its ability to quantify benefit-risk
trade-offs was limited from the benefit side (e.g., the quantitative link between
eicosapentaenoic acid/docosahexaenoic acid [EPA/DHA| consumption and
health benefits), the risk side (e.g., the quantitative risk of methylmercury
[MeHg] exposure for adult men), and in terms of benefit-risk interactions.
Because of this uncertainty, the committee concluded that it was not feasible
to present a quantitative benefit-risk assessment and balancing. Thus it relied
on its expert judgement to produce a qualitative scientific benefit-risk analysis
and balancing of the benefits and risks of seafood consumption.

The committee’s task included a charge to develop a decision path appro-

INTRODUCTION

Advice to consumers about balancing the benefits and risks of seafood
consumption must be based on the best available scientific information. The

195
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BOX 5-1
A Three-Step Process to Design Consumer Guidance on
Balancing Benefits and Risks Associated with
Seafood Consumption

Step 1: Scientific benefit-risk analysis and balancing of the benefits and
risks (including attention to characteristics [e.g., age, sex] that distinguish
target populations and the effects of potential food substitutions made by
consumers).

Step 2: Empirical analysis of consumer perceptions and decision-making
(understanding decision contexts and their variability; eliciting input
from consumers regarding how they perceive and make choices) (see
Chapter 6).

Step 3: Design and evaluation of the guidance program itself (including
the format of guidance, program structure and media [e.g., brochures,
websites, public meetings or programs, radio spots, point-of-purchase
displays, hotlines], and the combination of communication products and
processes) (see Chapter 7).

scientific assessment and balancing of the benefits and risks associated with
seafood consumption is a complex task. Diverse evidence, of varying levels
of completeness and uncertainty, on different types of benefits and risks must
be combined to carry out the balancing required in the first step in design-
ing consumer guidance. To produce coordinated benefit-risk advice requires
combining expertise from several disciplines, as this committee has done.
In other settings, balancing benefits and risks has been approached
through a variety of summary metrics. These include: Quality Adjusted
Life Years (QALYs), which combine the quantity and quality of life; Dis-
ability Adjusted Life Years (DALYs), which are the sum of years of potential
life lost due to premature mortality and the years of productive life lost
due to disability (Gold et al., 2002); monetary measures; utility measures
(estimates from multi-attribute utility analyses); and deliberative decision-
making exercises. These decision-making exercises focus on trade-offs as a
means to inform policymakers about, first, decision attributes of different
choices and, second, development of means-ends objectives networks that
illustrate values people want to achieve and how they think those can best
be achieved (Gregory and Wellman, 2001; Gregory et al., 2001). However,
in the case where benefits and risks have an outcome on the same endpoint,
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such as MeHg and EPA/DHA impacts on neurologic development, it is not
necessary to artificially link the benefit and risk through a separate construct
such as QALYs.

In light of uncertainty in the scientific information associated with both
nutrient intake and contaminant exposure from seafood, it is the commit-
tee’s judgment that no summary metric adequately captures the complexity
of seafood benefit-risk trade-offs. The committee outlined an approach to
balance benefits against risks, conducted an analysis of the trade-offs, and
considered additional factors that informed each in order to produce a deci-
sion framework that incorporates benefit and risk analysis. Over time, the
process of balancing benefits and risks must be iterative, with systematic,
objective reviews following strict profiles, and updates and reinterpretation
as new evidence is developed. This can be accomplished through the conven-
ing of an expert group such as this committee or through the organization
of expertise within federal agencies to provide comprehensive benefit-risk
analysis rather than piecemeal benefit-by-benefit and risk-by-risk analysis.

APPROACH TO BALANCING BENEFITS AND RISKS

In developing its approach to balancing benefits and risks, the commit-
tee considered previous approaches developed to analyze scientific evidence
and balance benefits and risks: two of these approaches are risk-risk or risk-
trade-off analysis and risk relationship analysis.

“Risk-risk” or “risk-trade-off” analysis was developed as a means
of further evaluating regulatory and other actions targeted at reducing a
specific risk (Gray and Hammitt, 2000; Hammitt, 2000; IOM, 2003). This
approach emphasizes that in reducing a targeted risk, it is possible that other
risks would be created or increased. This approach also provides a means
for considering multiple countervailing risks that may indicate whether it is
either riskier to remediate a problem or take no action.

“Risk-relationship” analysis goes a step further, recognizing the possible
existence of ancillary benefits as well as countervailing risks that may result
from adopting a particular risk-management option (IOM, 2003). For ex-
ample, efforts to reduce a contaminant in a specific food product may pose
a countervailing risk if the efforts make a nutrient-rich food too expensive
for some consumers to afford. In addition, the higher price of the product
could cause consumers to switch to alternative products that pose similar or
higher risk from the same or other contaminants. However, if the product
is high in a food component that is unhealthful, then a switch away from it
may generate ancillary benefits such as reduced risk for chronic disease.

The committee concluded that its charge goes an important additional
step beyond risk-relationship analysis. Risk-relationship analysis starts
with a targeted risk reduction and attempts to identify significant potential
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ancillary benefits and countervailing risks that may affect the risk reduction
actually achieved through a risk management option. In the case of design-
ing guidance to consumers on selecting seafood, there is a suite of benefits
and risks that needs to be simultaneously targeted and considered. The
target of analysis is the overall effect of seafood selection and consumption
decisions, and not reduction of a specific risk or enhancement of a specific
benefit. For this reason, the construct of ancillary benefits and countervail-
ing risks is not applicable.

For Step 1 of the three-step process, the committee developed the ap-
proach of benefit-risk analysis to design consumer guidance on balancing
benefits and risks associated with seafood consumption, shown in Box 5-1.
The approach points to the types of information needed to improve benefit-
risk decisions. An expert judgment technique is one approach to this task,
given the uncertainty in the data that supports the evidence on benefits and
risks. In its deliberations, the commmittee adapted a four-part protocol
based on previous work (IOM, 2003) to complete Step 1, scientific benefit-
risk analysis, in the process of designing seafood guidance.

Part A. Identify and determine the magnitude of the benefits and risks
associated with different types of consumption for the population as a whole
and, if appropriate, for specific target populations.

Part B. Identify the benefits and risks that evidence suggests are im-
portant enough to be included in the balancing process used to develop
consumption guidance for the population as a whole and, if appropriate,
for specific target populations.

Part C. Evaluate changes in benefits and risks associated with changes
in consumption patterns. The magnitude of the changes depends on the
magnitude of exposure to specific agents, either nutrients or contaminants,
and how the magnitude of the response varies in relation to changes in
intake or exposure.

Part D. Balance the benefits and risks to arrive at specific guidance for
healthy consumption for the population as a whole and, if appropriate, for
specific target populations.

SCIENTIFIC BENEFIT-RISK ANALYSIS FOR
SEAFOOD CONSUMPTION

Part A. Identify and Determine the Magnitude of the Benefits and Risks

The committee identified the range of benefits and risks that the evidence
suggests are important to balance in developing seafood choice guidance.
The nutritional benefits of seafood include: it is a source of protein that is
low in saturated fat, and contains several essential micronutrients, especially
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selenium. Seafood also is a primary source of the omega-3 fatty acids EPA
and DHA. The evidence detailed in Chapter 3 indicates that consumption
of seafood and/or EPA/DHA by pregnant females may provide benefits to
their developing fetuses. Infants receiving EPA/DHA either from breast milk
or supplemented formula may benefit in terms of neurological and visual
development. Similarly, there is evidence that consumption of fish is associ-
ated with cardiovascular benefits in the general population.

These benefits must be balanced against risks to health, as reviewed
in Chapter 4, from exposure to chemical and/or microbial contamination
that may be present in some seafood available to US consumers. The best-
characterized risk from chemical contamination of seafood is from methyl-
mercury, a potent neurotoxin. Thus, the population groups at greatest risk
from exposure to contaminants in seafood are the developing fetus, infants,
and young children. As discussed in Chapter 4, a Reference Dose (RfD) has
been established for methylmercury on the basis of developmental tests in
children born to mothers from populations where seafood is a major part of
their diets. At the same time, evidence suggests the fetus and infant may be
among the principal beneficiaries from certain nutrients in seafood. Evidence
available on levels of MeHg that may be detrimental to nonpregnant adults
has not allowed the formulation of a similar reference dose based on risks
to these population segments.

In establishing their joint advisory targeted at pregnant women and
children, the US Environmental Protection Agency (US EPA) and Food
and Drug Administration (FDA) examined potential intakes of MeHg
that would occur in pregnant women given consumption patterns using
various available commercial sources of seafood. If predatory fish high in
mercury were avoided completely, they concluded that up to 12 ounces of
fish (four 3-ounce servings per week) could be consumed without exceed-
ing the RfD dose that has been established with studies in populations of
women consuming substantial amounts of seafood (US EPA/FDA, 2004)
(see Chapter 4). Though the committee recognized that the RfD was not
a “bright line” that established a firm cutoff for risk, the FDA/EPA fish
advisory provides reasonable guidelines for pregnant women to consume
seafood in amounts that may confer benefit without significantly increasing
risk. There is little evidence available about levels of methylmercury that
may be detrimental to other segments of the population.

Risks from other contaminants in seafood are, comparatively, less well-
characterized than methylmercury. Contamination from persistant organic
pollutants (POPs) has been characterized at exposure levels that result from
industrial releases or occupational exposure, and for fish-consumers in
geographic areas where contaminants are more concentrated. However, at
lower levels of exposure there is less information available on adverse health
effects. In addition, levels of dioxin-like compounds (DLCs) and polychlori-
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nated biphenyls (PCBs) vary considerably among different types of seafood,
with relatively higher levels found in fatty compared to lean fish. There is
limited available data on levels of DLCs and PCBs in seafood and terrestrial
animal products, but levels in seafood may on average be comparable to or
higher than those in red meat and full-fat dairy products (IOM, 2003). Risks
from microbiological hazards will vary, largely according to handling and
preparation methods (e.g., consuming raw rather than cooked seafood).

Part B. Identify Important Benefits and Risks in the Balancing Process

Although some guidance applies to all groups, e.g., general nutritional
benefits and microbial risks, a key conclusion of the committee’s delibera-
tions is that the evidence in regard to the benefits and risks associated with
seafood consumption varies in important ways across target populations.
Thus, guidance should be tailored to these populations. Equally important
is that everyone in the population be covered by specific guidance.

Given the current evidence reviewed in this report, decisions about
seafood consumption for the general population consuming commercially
available seafood fall into four target populations: (1) females who are or
may become pregnant, and those who are breastfeeding; (2) infants and chil-
dren up to age 12; (3) adolescent males, adult males, and females who will
not become pregnant; and (4) adult males and females at risk for coronary
heart disease. During the committee’s initial deliberations, adult males and
females with a history of coronary heart disease were considered as a sepa-
rate target population. However, recent evidence suggests that the guidance
for these persons is not different from that for adult males and females at
risk of coronary heart disease.

The committee recognizes that there are additional groups of consum-
ers for whom guidance must be further tailored, such as subsistence and
recreational fishers. However, designing guidance for these groups requires
further separate, specific analyses of benefit and risk impacts. As noted in
Chapter 4, to date there is little known about the impact of high seafood
consumption, beyond that previously reported on neurological development
in fetuses and young children. The committee decided there was insuf-
ficient evidence to set an upper limit on the amount of seafood consumed
each week by the general public, except where research supports such
recommendations.

Part C: Evaluating Changes in Benefits and Risks Associated with
Changes in Consumption Patterns

The committee conducted several analyses to evaluate and understand
changes in benefits and risks that may be associated with changes in con-
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sumption patterns that could occur due to the type of guidance provided to
consumers. The extent of these changes depends on the magnitude of ex-
posure to a specific agent—either nutrients or contaminants—and how the
change of the response varies in relation to changes in intake or exposure.
These analyses and their implications for the design of consumer guidance
are discussed below.

Substitution Impact on Selected Nutrients

The committee reviewed the impact of substitution in two ways. First,
it considered the quantity of various foods that would need to be eaten to
provide approximately 100 mg of EPA/DHA. Next, the committee reviewed
the differences in selected nutrients contributed by 3-ounce portions of vari-
ous meat, poultry, and seafood sources. While recognizing that there are
many species of seafood, those chosen for this analysis represent the most
frequently eaten types in the United States (e.g., shrimp, tuna, and salmon).
The committee further considered the contribution of specific nutrient levels
(e.g., EPA/DHA in species of salmon) in developing consumer guidance (see
Figures 7-5 through 7-8b). The committee looked at the specific impact of
food choice trade-offs involving calories, saturated fat, EPA/DHA, selenium,
and iron. The committee did not consider potential impacts of seafood
choices on other vitamins and minerals because it relied on the conclusions
already drawn by the Dietary Guidelines Advisory Committee (DGAC) that
the substitution of two servings of seafood for two servings of animal pro-
tein foods would not substantially impact the vitamin and mineral content
of the diet of the average American consumer (DGAC, 2005).

Figure 5-1 compares the number of portions (servings) from various
animal foods that an individual would need to select to consume 100 mg
EPA/DHA. The graph shows that to achieve a similar EPA/DHA intake level,
a smaller amount of a high-EPA/DHA seafood, e.g., salmon, is needed com-
pared to other food sources. This difference (consuming higher quantities
of food to achieve an equivalent intake of EPA/DHA) is significant because
of the corollary increase in total caloric and saturated fat intake from most
other foods (see Table 5-1). Nonanimal sources of omega-3 fatty acids are
not included in this comparison.

Weighing benefits against risks from consuming seafood needs to be
considered in the context of the total diet. Table 5-1 highlights nutritional
factors that may influence the assessment of the benefits and risks associated
with seafood consumption by comparing nutrient levels from one 3-ounce
serving of different animal protein foods commonly consumed by Ameri-
cans. The foods selected as examples include lean (10 percent fat) and fatty
(20 percent fat) beef, chicken (< 5 percent fat), shrimp, and canned tuna,
both light and white (albacore). Preparation methods chosen were the low-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

202 SEAFOOD CHOICES

High omega-3 egg [
Light canned tuna
Salmon

Shrimp, mixed species

0.0 0.1 0.2 0.3 0.4 0.5 06 07 0.8
# Portions

FIGURE 5-1 Number of portions* needed to consume 100 mg EPA/DHA in selected
animal protein foods.
*Portion size = 100 g uncooked for all foods except eggs (~85 g = 1 egg).
SOURCE: US Department of Agriculture [USDA] Nutrient Database, Release 18.
[Online]. Available: http://www.nal.usda.gov/fnic/foodcomp/Data/SR18/sr18.html;
Sindelar et al., 2004.

est in fat (e.g., baked). It should be noted that any adjustments to the total
diet to accommodate the addition of one food choice can be balanced by
decreases in other choices (e.g., higher and lower energy foods). Benefits
associated with selecting a specific food may be counterbalanced by risks
associated with food preparation methods, e.g., the introduction of more
calories and saturated fat by frying fish.

Although most seafood choices are lower in fat than animal meats,
poultry, and eggs, the impact on energy and saturated fat intake depends
on the particular substitution being made. For example, although salmon
provides less energy and saturated fat than either of the beef choices shown
in Table 5-1, it is higher in both these nutrients than chicken or eggs.
Nonetheless, the substitution of salmon for all other animal protein sources
results in increases in EPA/DHA intake levels (from 0.0 to 1.8 g). In fact,
the substitution of any of the seafood choices listed in Table 5-1 for any of
the beef, chicken, or egg choices results in more EPA/DHA and selenium.
Finally, it can be seen that salmon and tuna are generally lower in iron than
beef, which may be a consideration for pregnant females, other females of
childbearing age, and individuals at risk for iron deficiency anemia.

Substitution Impact on Selected Contaminants

There are limited available data from which to construct scenarios of
the risk impacts of substituting seafood for other animal protein sources.
Contaminants for which there are reported values are methylmercury and

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

ANALYSIS OF THE BALANCING OF BENEFITS AND RISKS 203

dioxins and DLCs. Food choices are compared in Table 5-1. For a 57 kg
reference female to make a weekly selection of two 3-ounce servings of
seafood and not exceed the RfD level for methylmercury (5.7 ug MeHg per
day) requires that no more than one of those selections be white (albacore)
tuna. In contrast, levels of DLCs in two 3-ounce servings of white (albacore)
or light canned tuna or salmon do not exceed target exposure limits. Making
a trade-off of 20 percent fat beef for salmon will not decrease the exposure
levels to DLCs, although it will for MeHg. Selecting light canned tuna in
place of white (albacore) tuna will decrease exposure levels to both MeHg
and DLCs, but will also significantly decrease intake levels of EPA/DHA.

Uncertainties in Substitution Analysis

The substitution analyses presented above are based on nutrient and
contaminant values. However, there are several sources of uncertainty in
the estimates of these nutrient and contaminant values. Mean estimates of
nutrients represent best estimates of the value one would expect to find in
any specific case. A common indication of how much one can expect indi-
vidual values to vary from the mean is a confidence band, the calculation of
which is based on the individual sample values observed. The committee did
not have access to individual sample values or estimates of the variability in
those for the estimates reported in Table 5-1.

Table 5-2 characterizes some of what is known about the data from
which the estimates in Table 5-1 were derived (i.e., their provenance). As
Table 5-2 illustrates, sample sizes and ages vary tremendously. While it is
difficult to determine just how significant it is, variability in sample sizes and
approaches, together with changes over time in analytical methods (Igarashi
et al., 2000; Siddiqui et al., 2003) and in feed (e.g., reductions in the use of
fishmeal in poultry feed) are noteworthy sources of uncertainties (Barlow,
2001). The EPA/DHA levels in chicken provide a case in point.

Comparison of the estimates in Table 5-1 with those from other sources
also suggests considerable variability and uncertainty. Hamilton et al. (2005)
illustrate that levels of omega-3 fatty acids in salmon vary by source. Using
samples of farmed, wild, and store-purchased salmon from a large number
of locations, they estimated that omega-3 fatty acid levels in farmed Atlantic
salmon are more than twice as high as in salmon from other sources. Fur-
ther, their estimate of omega-3 fatty acid levels in farmed Atlantic salmon
is almost twice as high as that shown in Table 5-1.

Importantly, specific population subgroups, e.g., Native Alaskans who
previously relied on seafood and marine mammal consumption and fol-
lowed advice to decrease their intake of these foods to reduce the risks
associated with exposure to contaminants, suffered negative consequences
in overall nutrition (Wheately and Wheately, 1981; Murphy et al., 1995;
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TABLE 5-1 Continued

PTDI = Tolerable Daily Intake; represents an index for a contaminant similar to the
Adequate Daily Intake, used for food additives. These limits are based on the assumption of
an experimental threshold dose level below which no toxic effect is found in animal models
and includes an additional uncertainty factor for extrapolation to humans. TEQ = Toxicity
Equivalency.

‘EPA/DHA levels in chicken and egg are based on existing published data; changes in the
use of fishmeal in feed sources may have an impact on levels detected in the future.

SOURCES:

*USDA, 200S.

**Adapted from http://www.cfsan.fda.gov/~frf/sea-mehg.html; Carrington et al., 2004;
Mahaffey, 2004; CFSAN, 2005b.

*#* Adapted from CFSAN, 2005a.

110M, 2002/2005.

2 I0OM, 2000.

3 I0OM, 2001.

4 NRC, 2000.

S IOM, 2003.

TABLE 5-2 Data Available on Sampling of Selenium, EPA/DHA, and
Mercury in Food

Food Selenium? EPA/DHA“ Methylmercury?

Salmon N/A* 2 samples 5 samples: 4 from 1992, 1

(Atlantic, farmed, from 1993

cooked)

Tuna 45 samples S samples 2 samples from 1991-1992

(light, canned in (plus 131 samples for

water, drained) methylmercury from
2003-2004)

Shrimp 58 samples 11 samples 19 samples from 1991-1992,

1993, 1996 (plus 2 samples
for methylmercury from 1993

and 1995)
Chicken¢ 20 samples (data over 20 years old); 44 samples from 1990-1993
New data forthcoming show most through 2003-2004

nutrient levels comparable to earlier
samples, but EPA/DHA levels as
undetectable.

*N/A means that the values are not available.

SOURCES:

@Data from USDA Agriculture Handbook 8 (1976-1992) and its four supplements (1990-
1993) as listed in USDA, 2005.

bCFSAN, 2006a.

Personal communication, J.M. Holden, USDA-ARS-BHNRC-NDL, Beltsville, MD, March
30, 2006.
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Nobmann and Lanier, 2001). Native Alaskans who switched from their
traditional diet high in seafood products had few affordable healthful sub-
stitution foods from which to choose. When they decreased their seafood
intake, they purchased more processed foods that were less nutrient-dense
(such as manufactured snack products) and actually decreased the overall
quality of their diets (see discussion Chapter 2, American Indian/Alaska
Native and First Nations Populations).

Table 5-2 illustrates the available sampling data on nutrients and
contaminants in food. The Agricultural Research Service (ARS) of the US
Department of Agriculture (USDA) has begun updating its nutrient database
through its National Food and Nutrient Analysis Program in collaboration
with the National Institutes of Health (NIH). This ambitious project, which
began in 1997, includes instituting a monitoring program for key foods
and critical nutrients; conducting a thorough analysis of selected poultry
products, restaurant foods, and items on FDA’s list of the most commonly
consumed fruits, vegetables, and seafood; and developing databases of foods
of importance to ethnic subpopulations (Source: http://www.ars.usda.gov/
Research/docs.htm?docid=9446).

In the committee’s judgment, it is important to conduct substitution
analyses of the potential impacts of changes in consumption despite the
uncertainties about the underlying nutrient and contamination levels. These
analyses are incorporated into the balancing of benefits and risks in the fol-
lowing discussion.

Part D: Balancing the Benefits and Risks to Arrive at
Specific Guidance for Healthy Consumption

To complete the scientific analysis considering benefits and risks to-
gether, the committee developed the following consumption guidance for
each of the four target population groups:

1. Females who are or may become pregnant or who are breast-
feeding;:
a. May benefit from consuming seafood, especially those with rela-
tively higher concentrations of EPA and DHA;
b. A reasonable intake would be two 3-ounce (cooked) servings but
can safely consume 12 ounces per week;
c. Can consume up to 6 ounces of white (albacore) tuna per week;
d. Should avoid large predatory fish such as shark, swordfish, tile-
fish, or king mackerel.
2. Children up to age 12:
a. May benefit from consuming seafood, especially those with rela-
tively higher concentrations of EPA and DHA;

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

208 SEAFOOD CHOICES

b. A reasonable intake would be two 3-ounce (cooked), or age-
appropriate, servings but can safely consume 12 ounces per
week;

c. Can consume up to 6 ounces (or age-appropriate servings) of
white (albacore) tuna per week;

d. Should avoid large predatory fish such as shark, swordfish, tile-
fish, or king mackerel.

3. Adolescent males, adult males, and females who will not become
pregnant:

a. May reduce their risk for cardiovascular disease by consuming
seafood regularly, e.g., two 3-ounce servings per week;

b. Who consume more than two servings a week should choose
a variety of types of seafood to reduce the risk for exposure to
contaminants from a single source;

4. Adult males and females who are at risk of cardiovascular disease:

a. May reduce their risk of cardiovascular disease by consuming
seafood regularly, e.g., two 3-ounce servings per week;

b. Although supporting evidence is limited, there may be additional
benefits from including high-EPA/DHA seafood selections;

¢. Who consume more than two servings a week should choose a
variety of types of seafood to reduce the risk for exposure to con-
taminants from a single source.

This information differs from the dietary guidance and advisories
available from federal agencies and private organizations (see Chapter 2)
in three important ways. First, the information combines benefit and risk
information to yield coordinated statements. Second, the information com-
prehensively covers everyone in the population so that population groups
are not left with uncertainties about which information applies to them.
Third, while previous guidance has had tailored messages for people with a
risk for cardiovascular disease (and to those with a history of such disease),
the committee concludes that current scientific evidence suggests that the
guidance for them is not materially different from that for the more general
“adolescent males, adult males, and females who will not become pregnant”
reflected above. For this reason the decision pathway that follows focuses
on target populations 1-3 identified above. This suggested guidance should
be reconsidered periodically as new data on risks and benefits associated
with seafood consumption emerge.

The suggested guidance presented above is the endpoint of judgements
about the important benefits and risks, as well as how they balance. The
process of forming such guidance can be made more transparent with the
use of tables that present the key considerations. Table 5-3 illustrates this
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TABLE 5-3 Potential for Benefits and Risks Associated with Seafood
Choices by Population Group

Seafood Choices for Females Who Are or May Become Pregnant and Those Who Are

Breastfeeding

Choice Consume locally caught freshwater fish (commercial and recreational catches)
only after checking state advisories.

Potential ~ Might reduce food costs; continues family traditions.

for Benefit

Potential ~ Potential for increased MeHg, dioxin, and PCB exposure compared to other

for Risk seafood selections. Risk for bacterial contamination will increase if consumed
raw. Intake levels of iron will be lower than meat selections.

Choice May benefit from consuming seafood, especially those with relatively higher
concentrations of EPA and DHA. A reasonable intake would be two 3-ounce
(cooked) servings but can safely consume 12 ounces per week; should avoid
large predatory fish such as shark, swordfish, tilefish, or king mackerel.

Potential ~ Seafood is a high-quality low-fat protein source. Intake levels of saturated fat

for Benefit  will likely decrease compared to meat selections. Intake levels of EPA/DHA
will increase compared to meat and “nonfatty” seafood selections. Intake of
selenium may increase compared with beef, pork, and poultry selections.

Potential ~ Available data suggest levels of MeHg are not associated with adverse health

for Risk effects if consumption is limited to no more than four 3-ounce servings per
week. Potential risk from exposure to dioxins and PCBs is similar to meat
selections. Risk for bacterial contamination will increase if raw seafood is
consumed. Intake levels of iron will be lower than meat selections.

Choice Can consume up to 6 ounces of white (albacore) tuna per week.

Potential ~ Seafood is a high-quality low-fat protein source. Intake levels of saturated fat

for Benefit  will likely decrease compared to meat selections. Intake levels of EPA/DHA will
increase compared to meat and leaner seafood selections. Intake of selenium
may increase compared with beef, pork, and poultry selections.

Potential ~ Available data suggest levels of MeHg are not associated with adverse health

for Risk effects if consumption is limited to 6 ounces per week. Potential risk from

exposure to dioxins and PCBs is similar to meat selections. Risk for bacterial
contamination will increase if raw seafood is consumed. Intake levels of iron
will be lower than meat selections.

Seafood Choices for Children up to Age 12

Choice

Potential
for Benefit

Potential
for Risk

May benefit from consuming seafood, especially those with relatively higher
concentrations of EPA and DHA.

Decreased caloric intake from total and saturated fats and increased intake of
selenium compared with beef, pork, and poultry selections. Intake levels of
EPA/DHA will increase compared to meat and lean seafood selections.

Available data suggests levels of MeHg in high-EPA and -DHA seafood are
not associated with adverse health effects at recommended consumption levels.
Potential risk from exposure to dioxins and PCBs is similar to meat selections.
Decreased intake of iron compared to meat selections. Risk for bacterial

contamination will increase if raw seafood is consumed.
continued
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TABLE 5-3 Continued

Choice A reasonable intake would be two 3-ounce (cooked) or age-appropriate
servings but they can safely consume 12 ounces per week.

Potential  Intake levels of EPA/DHA will increase compared to meat and lean seafood

for Benefit  selections. Decreased caloric intake from total and saturated fats compared
with beef, pork, and poultry selections, but increased compared to lean seafood
selections. Increased intake of selenium compared to meat selections.

Potential ~ Potential for greater exposure to dioxins and PCBs compared with lean
for Risk seafood. Decreased intake of iron compared to meat selections.

Choice Should avoid large predatory fish such as shark, swordfish, tilefish, or king
mackerel.

Potential ~ Available data suggests reduced exposure to MeHg. No anticipated impact on
for Benefit exposure to POPs.

Potential  Intake levels of EPA/DHA and selenium will be lower if meat is selected as a
for Risk substitute.

Choice Can consume up to 6 ounces of white (albacore) tuna per week.

Potential ~ Seafood is a high-quality low-fat protein source. Intake levels of saturated fat

for Benefit  will likely decrease compared to meat selections. Intake levels of EPA/DHA will
increase compared to meat and leaner seafood selections. Intake of selenium
may increase compared with beef, pork, and poultry selections.

Potential  Available data suggest levels of MeHg are not associated with adverse health

for Risk effects if consumption is limited to two 3-ounce servings per week. Potential
risk from exposure to dioxins and PCBs is similar to meat selections. Risk for
bacterial contamination will increase if raw seafood is consumed. Intake levels
of iron will be lower than meat selections.

Seafood Choices for Adolescent Males, Adult Males, and Females Who Will Not Become
Pregnant

Choice Consume seafood regularly, e.g., two 3-ounce servings per week; if more are
consumed, then insure a variety of choices are made to reduce exposure to
contaminants.

Potential ~ Decreased caloric intake from total and saturated fats and increased intake of

for Benefit  selenium compared with beef, pork, and poultry selections. Intake levels of
EPA/DHA will increase compared to meat selections if high EPA/DHA seafood
is selected.

Potential ~ Available data suggest levels of MeHg, dioxins, and PCB exposure will likely

for Risk be within exposure guidelines regardless of type of seafood selected. The
potential for exposure to contaminants is increased if locally caught seafood
is consumed without regard to local advisories. Increased risk for exposure to
infectious microorganisms if raw seafood is consumed. Decreased intake of
iron compared to meat selections.
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more detailed background approach to the design of guidance intended for
the four target populations.

A decision tree or other decision representation is another way of
depicting the consumption guidance listed above. This kind of diagram
highlights the variables that group consumers into specific target popula-
tions who face different benefits and risks and who should receive tailored
advice. In the committee’s judgment, the variables that distinguish between
target populations facing different benefit-risk balances, based on existing
evidence, are age, gender, and pregnant or could become pregnant, or breast-
feeding. A fourth distinguishing variable explored by the committee was
risk of cardiovascular disease. However, as noted above, the committee be-
lieves the evidence is insufficient to warrant separate guidance to this group
beyond that which would be offered based on age, gender, and pregnancy
or breastfeeding status. These three variables, as they apply to the target
population groups, are arrayed in a decision pathway, shown in Figure 5-2,
that illustrates the committee’s final analysis of the balance between benefits
and risks associated with seafood consumption.

Acknowledging Limitations of the Benefit-Risk Analysis

The committee believes that it is fundamentally important to acknowl-
edge that benefit-risk analysis as conducted here will always have limitations
related to the availability of data on and evaluation of benefits and risks.
For example, here the committee relied on data that contain a variety of
uncertainties. In the case of seafood consumption, the potential for an ad-
verse health effect from exposure to a contaminant is presumed to depend
upon, among other things, differences in prior exposure levels as well as
differences in sensitivity to toxicants among individuals. Likewise, persons
may receive variable benefits, including no benefit, from nutrients that
are found in higher concentrations in seafood than in most other foods,
i.e., EPA/DHA and selenium. Those already at low risk for cardiovascular
disease, for example, may see little cardiovascular benefit from seafood
consumption. Furthermore, it is difficult to obtain information regarding
when sampling occurred, the number of samples taken, and the methodol-
ogy used to identify and quantitate specific nutrients over time, resulting
in uncertainty about the variability of nutrient levels in seafood. Finally,
no two samples of seafood, either from the same species or from different
tissues in the same seafood will contain the same level of either nutrients
or contaminants.

In the committee’s judgment, these uncertainties may reduce the ap-
plicability of the guidance to a specific person, but the general guidance
for safe seafood consumption applies to most persons in a category. The
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Age/Gender Group

I
¢ v
13 years and
over

I
] v

Female Male

12 years and
under

Could become pregnant,
pregnant, or lactating

Yes No

v v

May benefit from consuming seafood,
especially those with relatively higher
concentrations of EPA and DHA.

Consume seafood regularly, e.g.,

two 3-ounce servings weekly.
A reasonable intake would be two

3-ounce servings (or for children,
age-appropriate servings) but can
safely consume 12 ounces per week.

If consuming more than 2 servings
per week, choose a variety of seafood
types.

Can consume up to 6 ounces (or for
children, age-appropriate servings)
of white (albacore) tuna per week
and should avoid large predatory fish
such as shark, swordfish,
tilefish, or king mackerel.

v v

Contaminants in seafood vary according to local conditions; consume locally caught seafood
only if appropriate after checking your state advisories.

There may be additional benefits
from including seafood comparatively
high in EPA and DHA.

FIGURE 5-2 A decision pathway or representation of the balance between benefits
and risks associated with seafood consumption. This diagram highlights the variables
that group consumers into specific target populations who should receive tailored
advice. Specific details about consumer advice are discussed in Chapter 7.
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following points illustrate the variables that influence what can be generally
applicable:

e Concentrations of contaminants in seafood are known to be influ-
enced by factors such as location of harvest, seasonal variations, size, and
species. General guidance to consumers must be based on available data for
average levels of potential contaminants in type or species of seafood. Sparse
data on adverse health effects associated with some contaminants make it
difficult to estimate the variability of specific contaminant levels in seafood,
as well as levels of EPA and DHA.

e Levels of EPA and DHA in seafood depend upon the fatty acid con-
tent of the type of seafood consumed, the source of fat in feed for farmed
fish, and serving size. Sparse data make it difficult to determine variability
in the EPA and DHA content. As more seafood is produced by aquacul-
ture rather than wild-caught, EPA and DHA levels within species could
change.

e There is considerable uncertainty about the concentration of con-
taminants that present a health risk. Methylmercury exposure levels that
pose a risk were established for the most vulnerable members of the popu-
lation, i.e., the fetus, infant, and young child. However, methylmercury
exposure levels that pose a risk for adverse health effects for other popula-
tion categories listed above are unknown. Similarly, exposure limitations
for persistant organic pollutants, dioxins and dioxin-like compounds, and
PCBs are unclear.

¢ Methylmercury intake exposures that are used to indicate a poten-
tial for risk for the fetus, infant, and young child are adjusted (as noted in
Chapter 4) to make them more conservative than levels of observed risk.

These uncertainties mean that guidance to individual consumers can,
at best, present the broad trade-offs of benefits and risks associated with
seafood selections and consumption patterns, and inform consumers of the
inherent uncertainties therein. The committee is aware that considerations
other than health benefits or risks also may influence consumers’ choice of
seafood. These include environmental concerns about aquaculture and the
sustainability of wild seafood stocks. These considerations are beyond the
charge to the committee and are not included in the decision pathway.

FINDINGS

1. Relatively few studies have attempted to simultaneously assess both
the health benefits and the risks associated with seafood consumption.
However, there is emerging evidence of the trade-offs between the benefits
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and risks associated with seafood consumption for health endpoints such
as infant development and cardiovascular disease.

2. Given the uncertainty in the underlying exposure data and evolving
health impacts, there is no summary metric that can adequately capture the
complexity of seafood choices to balance benefits and risks for purposes
of providing guidance to consumers. An expert judgement technique can
be used to consider benefits and risks together, to yield specific suggested
consumption advice.

3. Developing guidance on seafood consumption requires the develop-
ment of a benefit-risk analysis that identifies the magnitude of benefits and
risks associated with different types of consumption, identifies which are
important enough to be included in the balancing process, evaluates changes
in benefits and risks associated with changes in consumption patterns, and
balances the benefits and risks to arrive at specific guidance for healthy
consumption for the population as a whole or, if appropriate, for specific
target populations.

4. Current evidence suggests that important benefits and risks to be
considered in benefit-risk analysis vary across the following target popu-
lations: (1) females who are or may become pregnant and those who are
breastfeeding; (2) children up to age 12; and (3) adolescent and adult males,
and females who will not become pregnant. The committee did not find
evidence that adult males and females who are at risk of cardiovascular
disease differ from group 3 in terms of potential benefits and risks.

5. The impact of substituting selected species of seafood for other
animal protein sources can result in increased consumption of EPA/DHA
and selenium; however, impacts on saturated fats and energy intakes vary
depending on the seafood selected.

6. The impact of substituting selected species of seafood for other
animal protein sources on exposure to environmental toxicants other than
methylmercury is uncertain due to inadequate supporting evidence.

7. Considering benefits and risks together yields specific suggested
consumption guidance for the three targeted populations enumerated in
Finding 4 above.

8. Guidance should be reconsidered periodically, and on an ongoing
basis, as new data on both risks and benefits associated with seafood con-
sumption emerge.

CONCLUSIONS

Combining expertise from the disparate relevant disciplines to consider
benefits and risks simultaneously is an essential step to producing a compre-
hensive benefit-risk balancing analysis. An organization of experts is needed
among appropriate federal agencies to oversee and manage coordinated
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benefit-risk judgments and to implement a coordinated research effort to
generate the data needed by agencies to issue timely, accurate, and continu-
ously updated advice to consumers, including target populations.
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Understanding Consumer
Decision Making as the Basis for the
Design of Consumer Guidance

designing guidance to consumers about balancing benefits and risks

in making seafood consumption decisions (see Box 5-1): scientific
assessment and analysis of the benefits and risks; analysis of the consumer’s
decision making context; and production and evaluation of the guidance.
Chapter 5 then detailed Step One: the evidence base for the information to
include in the guidance (or what the consumer needs to know to make an
informed decision). This chapter presents an approach to Step Two: devel-
oping an understanding of how consumers make seafood choices and the
informational environment in which they do so. This environment includes
both what information the consumer has access to and what the consumer
needs or wants to know. Included in this chapter is an overview of the types
of information that are currently available and evidence of the degree to
which consumer choice has been influenced by it. The chapter then discusses
reasons why consumer guidance may have weak or unintended impacts
on consumer choice and what must be understood about the consumer
decision-making context in order to design effective guidance.

Chapter 5 outlined the three steps the committee deemed necessary to

INTRODUCTION

As noted in the previous chapters, there is a wide variety of guidance
on seafood consumption currently available to consumers. Based on their
analysis of nutritional benefits, some governmental agencies and nongov-
ernmental organizations (NGOs) have recommended that most Americans
consume two 3-ounce (cooked) servings of seafood weekly, with one of these
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being a fatty fish (see Chapter 1). Other guidance cautions some consumers
against specific types of seafood due to health risks. As shown in preceding
chapters, different populations have different benefit-risk profiles, and guid-
ance to consumers should be tailored to reflect this.

Receiving new information, such as dietary guidance, does not auto-
matically lead consumers to change their food consumption patterns. Food
choice is influenced by a complex informational environment that also in-
cludes labeling, point-of-purchase information, commercial advertising and
promotion, and Web-based health information. Specific guidance may have
a limited impact, although evidence suggests that this varies significantly
and in general is not well measured or understood; current advice may cre-
ate unintended consequences in consumer choices. A better understanding
of the sociocultural, environmental, economic, and other individual factors
that influence consumer choice is necessary for the design of effective con-
sumer guidance, especially where the intent is to communicate balancing of
benefits and risks associated with its consumption.

FOOD CHOICE BEHAVIOR

Food Consumption Decisions

Identification of Factors Influencing Food Consumption Decisions

Studies of food choice behavior have identified both individual and
environmental factors that influence the complex process of decision making
(Lutz et al., 1995; Galef, 1996; Drewnowski, 1997; Nestle et al., 1998;
Booth et al., 2001; Wetter et al., 2001; Bisogni et al., 2002; Devine, 20035;
Raine, 2005; Shepard, 2005). Factors influencing seafood consumption
choices are similar to those for other foods (e.g., taste, convenience, or ease
of preparation) (Gempesaw et al., 19935).

Individual Influences When consumers are asked what is most important
when choosing food, taste is the most likely response (Drewnowski, 1997).
However, a variety of other individual factors (e.g., habit) (Honkanen et
al., 2005) also influence consumer decisions about consumption or avoid-
ance of specific foods (Lutz et al., 1995; Galef, 1996; Drewnowski, 1997;
Nestle et al., 1998; Booth et al., 2001; Bisogni et al., 2002; Devine, 2005).
For example, some people will override taste to select foods to benefit their
health (Stewart-Knox et al., 2005). The choice for healthfulness is further
affected by choice of preparation method and food consumption outside
the home (Blisard et al., 2002). For other consumers, issues of convenience,
availability, and cost may play greater roles than concerns about health.
What is unknown is the degree to which these factors determine final food
selection.
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Environmental Influences Taste is influenced by genetics (Birch, 1999;
Mennella et al., 2005a) and exposure throughout life (Birch, 1998; Birch
and Fisher, 1998; Mennella et al., 2005b). Other environmental factors
that influence seafood choices include accessibility of seafood as a subsis-
tence food (Burger et al., 1999b), cultural tradition (Willows, 2005), price
of seafood and of seafood substitutes (Hanson et al., 1995), and health
and nutrition concerns (Gempesaw et al., 1995; Trondsen et al., 2003).
For example, some consumers make seafood choices based on concerns
about environmental impact (see Monterey Bay Aquarium’s Seafood Watch
[http://www.mbayaq.org/cr/seafoodwatch.asp], production methods, or
geographical origin (Figure 6-1).

An individual’s food choices are made based on their history but are
influenced by a changing environment over time (Devine, 2005; Wethington,
2005). While most patterns of choice (trajectories) are stable throughout
life, significant societal and personal events, as well as relationships, in-
fluence these patterns. The timing of these events may greatly influence
subsequent food choices. In response to these external events and internal
changes, individuals may or may not choose to adopt strategies to improve
their health and change their lifestyle behaviors. Using the pregnant woman
as an example (see Appendix C-1), one can examine the complexity of food
choice using the Life Course Perspective framework (see Appendix C-2).

Economic Considerations Associated with Food Choice Behavior

Economic considerations may also influence consumer food choice be-
havior. Evidence suggests that seafood is a good substitute for other protein
foods (Salvanes and DeVoretz, 1997; Huang and Lin, 2000). US consumers
have the lowest income elasticity of demand (the percentage change in de-
mand for a 1 percent change in income) for the overall category of “food,
beverages, and tobacco” of 114 countries, based on an analysis of 1996 data
(Seale et al., 2003). This indicates that, on average, their food expenditures
are not very sensitive to income changes. For the subcategory of fish, Seale
et al. also found the US expenditure elasticity (the percentage change in
demand for a 1 percent change in expenditures on a category) lowest among
the 114 countries studied. Similarly, US consumers had the lowest own-price
elasticities of demand (the percentage change in demand for a one percent
change in price) for fish among the countries studied.

More detailed analysis within the United States suggests further income
and price considerations that may influence how consumers implement
guidance on seafood choices. For example, Huang and Lin (2000) used
1987-1988 National Food Consumption Survey data to estimate expen-
diture and own-price elasticities adjusting for changes in the quality of the
foods consumed across different income groups. Expenditure and own-
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price elasticities vary between low-, medium-, and high-income consumers,
although the extent differs between food products (Yen and Huang, 1996;
Huang and Lin, 2000). They also conclude that the quality of items chosen
by consumers (e.g., different cuts of beef within the beef subcategory) is
clearly linked to income level. Similarly, an analysis of household expendi-
tures on fruits and vegetables shows significant differences in expenditure
per capita between low-income and higher-income households, as well as
differences in the income elasticity of demand (Blisard et al., 2004). These
results suggest that population averages may conceal significant differences
between income groups in terms of their demand responses to income,
expenditure, and price changes.

Impact of Factors Influencing Food Consumption Decisions

In general, when consumers are presented with new information, e.g.,
balancing health benefits with risks of seafood choices, food choice behavior
theories suggest that they will interpret and respond to this information in
light of their existing beliefs, attitudes, and habits, and will be influenced
by situational factors as much as or more than by the content of the
information.

For example, in a long-term, randomized controlled study involving
advice to men with angina to eat more fish and vegetables, small increases
in fish consumption were observed (Ness et al., 2004), but this did not ap-
pear to improve survival (Ness et al., 2002). Even with carefully planned
prospective studies of the consequences of giving advice, it can be difficult
to discern the effect of advice, due to potentially confounding influences (see
also Impact of State Advisories below). Advice provided publicly may be
focused on by the media, reinforced or contradicted by other policy mea-
sures, or obscured by other news (Kasperson et al., 2003).

As Ness et al. (2004) illustrated, knowledge does not necessarily lead
to the intended changes in consumption patterns. In addition, once a deci-
sion is made, many processes are involved in implementing and sustaining a
change (Appendix C-3). Among the many theories used to explain both food
choice behavior (and its subsequent impact on health) and behavior change
(Achterberg and Trenker, 1990), a few are highlighted in Appendix C-2.

The Current Information Environment Influencing Seafood Choices

Consumers have access to several different types of communication that
form a complex information environment in which they make decisions.
Each of these plays a role in their decisions, either as a source of informa-
tion or as a facilitator of choice.

A striking aspect of the information available to consumers is that it
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is not systematically coordinated. This lack of coordination would not be
unexpected between public agencies and private organizations, or between
groups who may have different interpretations of the evidence about what
is a healthful eating pattern as well as different goals in giving advice.
However, even within the federal government, guidance to consumers has
not been systematically coordinated, either on a benefit-by-benefit or risk-
by-risk basis, as illustrated by the differences between recommendations on
portion sizes and frequency of consumption (see Table 1-2 and Appendix
Table B-3).

Elements of the information environment which government agencies
can control include labels, other point-of-purchase information in the retail
environment, and restaurant and fast-food outlet menus.

Labels and Other Point-of-Purchase Information

Ingredient and Nutrition Labeling Ingredient labeling gives consumers con-
tent information about packaged seafood products. In some cases, regula-
tion also restricts use of terms in identifying products. For example, only
albacore tuna can be labeled as “white tuna,” while “chunk light tuna” may
include several species of tuna.

Nutrition labeling in the form of the Nutrition Facts panel is manda-
tory in the United States for packaged products, while the use of voluntary
nutrient content and health claims is also regulated. Fresh foods are exempt
from mandatory labeling. In 1992, the US Food and Drug Administration
(FDA) issued guidelines for a voluntary point-of-purchase nutrition infor-
mation program for fresh produce and raw fish. The guidelines are sched-
uled to be revised in 2006 to make them more consistent with mandatory
nutrition labeling requirements (Personal communication, K. Carson, Food
and Drug Administration, April 1, 2006). To meet the guidelines, a retailer
must include the following nutrition information on the point-of-purchase
label for seafood that is among the 20 types most commonly eaten in the
US: seafood type; serving size; calories per serving; protein, carbohydrate,
total fat, cholesterol, and sodium content per serving; and percent of the US
Recommended Dietary Allowances (RDA) for iron, calcium, and vitamins
A and C per serving (FDA, 2004a). A serving is defined as 3 ounces or 85
grams cooked weight, without added fat or seasoning.

Qualified Health Claims Labeling While the standard Nutrition Facts for-
mat informs consumers about several nutrition characteristics of seafood
products, it does not list omega-3 fatty acid content. In 2004, the FDA
announced the availability of a qualified health claim for reduced risk of

coronary heart disease on conventional foods that contain eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). Qualified health claims on

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

CONSUMER DECISION MAKING AS BASIS FOR DESIGN OF GUIDANCE 223

foods must be supported by scientific evidence as outlined in the guid-
ance document, Guidance for Industry and FDA: Interim Procedures for
Qualified Health Claims in the Labeling of Conventional Human Food and
Human Dietary Supplements (CFSAN, 2003). In addition, the FDA is con-
ducting further consumer studies to make sure the language used in claims
is well understood by consumers (FDA, 2004b).

In the interim period, the FDA will prioritize health claims for review
based on the potential significance of the product’s health impact on a seri-
ous or life-threatening illness, and the strength of evidence in support of
the claim. The health claims that will be evaluated first include the benefits
of eating foods high in omega-3 fatty acids, including certain fatty fish like
ocean salmon, tuna, and mackerel, for reducing the risk of heart disease.

Country of Origin and Other Labeling The 2002 Supplemental Appropria-
tions Act amended the Agricultural Marketing Act of 1946 to require retail-
ers to inform consumers of the country of origin of wild and farm-raised
fish and shellfish. This information can be conveyed by label, stamp, mark,
placard, or other clear and visible sign on the product, package, display,
holding unit, or bin containing the seafood at the final point of consump-
tion. Food service establishments are exempt, as are processed products.
Box 6-1 describes an unresolved issue over which governmental sector
has the authority to control the consumer’s access to certain information

BOX 6-1
Challenge to California’s Proposition 65

In 2005, the Food and Drug Administration claimed that California’s action
was a violation of federal law. On March 8, 2006, the House passed HR
4167, the National Uniformity for Food Act, which amends the Federal
Food, Drug, and Cosmetic Act to “provide for uniform food safety warn-
ing notification requirements” and to supersede state legislation and
practices on food-warning labels, including Proposition 65. At the writing
of this report, the Act had not passed the Senate. An amendment to the
Act included a clause to exclude mercury warnings: “Nothing in this Act
or the amendments made by this Act shall have any effect upon a State
law, regulation, proposition or other action that establishes a notification
requirement regarding the presence or potential effects of mercury in
fish and shellfish.”

SOURCE: http://www.govtrack.us/data/us/bills.text/109/h/h4167.pdf.
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regarding food. In 2004, the Attorney General of California joined a lawsuit
filed by the Public Media Center, a nonprofit media and consumer advocacy
agency in San Francisco, against the nation’s three largest canned tuna com-
panies to enforce Proposition 65, California’s 1986 law requiring warnings
about exposure to contaminants, such as methylmercury.

Restaurant and Fast-Food Menu Information The away-from-home sector
is exempt from nutritional and country of origin labeling requirements. Fur-
ther, many restaurants do not identify seafood products such as breaded fish
sandwiches by species. Some of this information is provided voluntarily, and
this may increase with consumer demand for specific types of seafood.

In April 2003, the Attorney General of California filed suit against ma-
jor restaurant chains in the state for violating Proposition 65 requirements
to inform consumers of potential exposure to “substances known by the
state to cause cancer or reproductive toxicity” by failing to post “clear and
reasonable” consumer warnings about exposure to mercury in seafood (i.e.,
shark, swordfish, and tuna). The suit was settled in early 2005, when most
of the restaurants agreed to put up warnings about the risks from mercury
in seafood near the front door, hostess desk or reception area, or entry
or waiting area (California Office of the Attorney General, [http://ag.ca.
gov/newsalerts/2005/05-011.htm]). The information provided in this sector
remains largely unregulated. The outcome of the lawsuit concluded that
labeling under Proposition 65 was preempted for mercury in tuna, although
the decision was specific to the circumstances in the case. All applications
of Proposition 65 to food were not preempted by the decision. Moreover,
this decision was by a state judge and specific to Proposition 65 and Cali-
fornia—not other laws or other states.

Regulated Point-of-Purchase Information Retailers may place nutrition
information on individual food wrappers or on stickers affixed to the out-
side of the food. Compliance with point-of-purchase guidelines is checked
by biennial surveys of 2,000 food stores that sell raw produce or fish and
the results are reported to Congress. Additionally, every 2 years the FDA
publishes, in the Federal Register, revised nutrition labeling data for the 20
most frequently consumed raw fruits, vegetables, and fish.

Recent research suggests that the amount of information available on
fresh seafood products in retail settings varies markedly, with counter staff
frequently unable to provide additional information (Burger et al., 2004).
In addition to the quantity and types of information available to consumers,
the accuracy of information should also be considered. Limited tests indicate
that seafood products may be misrepresented—for example, sold as wild
when they are in fact farmed (Is Our Fish Fit to Eat, 1992; Burros, 2005).
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Advertising and Promotion

Advertising and promotion may include nonregulated point-of-purchase
information, which can be displayed on placards, shelf tags, or in pamphlets
or brochures. In addition to regulated labeling and point-of-purchase in-
formation, several types of retail information are available to consumers
making food choices. For processed foods, packaging information includes
the brand, product name, and unregulated product claims and other infor-
mation. It is estimated that $7.3 billion was spent on advertising food in
1999 (Story and French, 2004).

As well, several other forms of point-of-purchase (e.g., signage, bro-
chures) and other forms of information (e.g., websites) may be provided.
Other means to convey this information to consumers may include live
demonstrations, computer booths, or recorded presentations as adjuncts to
the printed information.

Web-Based Health Information

Interactive Health Communication Much of the rapidly rising use of the
Internet is devoted to seeking health information: four out of five Internet
users (95 million Americans) have Internet access to look for health-related
information; 59 percent of female users have used the Internet to look for
information on nutrition (Fox, 2005). The promise of eHealth and, in par-
ticular, interactive health communication (IHC) (Eng et al., 1999; Eng and
Gustafson, 1999; Wyatt and Sullivan, 2005), has captured the attention of
health communicators, in part due to the ability to target and tailor com-
munications, disseminate them rapidly, and engage the audience in an ex-
change of information, rather than a one-way message delivery (Gustafson
et al., 1999); compared with Griffiths et al., 2006. Evaluation of THC,
which falls under the category of eHealth, remains challenging (Eysenbach
and Kummervold, 2005). While ethical issues such as unequal access to the
Internet and maintaining confidentiality of information pose challenges,
THC has become an important tool for health communicators.

Online Seafood Information and Advocacy There are currently several
examples of online seafood consumption information and advocacy avail-
able, as illustrated in Table 6-1. For example, Oceans Alive, a nongovern-
mental organization (Environmental Defense Network), offers “Buying
Guide: Becoming a Smarter Seafood Shopper,” on its website (http://www.
oceansalive.org/eat.cfm). Other sites offer nutrition information about
seafood; however, a cursory glance suggests that some sites may not be
updated frequently, and so may provide out-of-date nutritional and other
guidance. Updating is likely to be a challenge for any interactive guidance
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TABLE 6-1 A Sampling of Online Consumer Information and Advocacy
Sites Which Include Mercury Calculators

Website Organization  Type of Organization/Project  Input
http://www. Environmental Public health and Consumer’s weight
ewg.org/issues/ Working environmental action (Ibs)
mercury/20031209/ Group (EWG) organization Consumer’s gender
calculator.php
http://www. FishScam.com A project of the Center for Consumer’s weight
fishscam.com/ Consumer Freedom (Ibs)
mercuryCalculator. A nonprofit organization Fish of choice
cfm supported by restaurants, (dropdown

food companies, and menu provided)

individuals, created by
Berman & Co., a public
affairs firm which has
represented various animal
production industries

http://gotmercury. ~ Got Mercury? A project of Turtle Island Consumer’s weight
org/english/ Restoration Network (Ibs)
advanced.htm Public education and Type of fish
campaign to reduce consumer has
exposure to methylmercury eaten in a week
from seafood Amount (oz) of
up to three

different fish
consumer has
eaten in a week
(dropdown
menu provided)
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Output

Notes/Quoted Extracts

Amount of canned
albacore and canned
light tuna you can
safely eat (g/kg of
weight/day)

Based on FDA’s
health standard
(i.e., safe dose)

Amount (oz) of
each fish you can
eat weekly without
introducing new
health risks from
mercury

Based on the US EPA’s
Reference Dose

Links the US EPA’s
“Reference Dose” and
the theoretical harm
threshold (a number
ten times greater,
called the “Benchmark
Dose lower limit”) to
the Glossary section
of this website

Mercury exposure (%
of EPA limit)

Based on the US EPA’s
reference dose

Assumes that you do not eat any other seafood.
Assumes that every can of tuna has an average amount of mercury.

The FDA recommends up to 12 ounces a week of a variety of fish.
If you eat other seafood, the amount of tuna that you can eat safely
will be less than calculated here.

EWG recommends that women of childbearing age and children
under 5 not eat albacore tuna at all, because a significant portion of
albacore tuna has very high mercury levels. People eating this tuna
will exceed safe exposure levels by a wide margin.

The EPA knows the level of exposure that represents a hypothetical
risk, but it adjusts it by a factor of 10 in order to arrive at its
“Reference Dose.” It’s this smaller, hyper-cautionary number that
environmental groups use to scare Americans into thinking that
tiny amounts of mercury in fish represent a real health hazard.

According to fishy math from EWG and SeaWeb, for instance, your
health is in grave danger if you consume just 12 ounces of tuna
(canned chunk light) in a given week. This trickery is responsible
for a great deal of needless fear. And food-scare groups ignore

the fact that health risks from mercury take an entire lifetime to
accumulate. It’s simply not possible to get mercury poisoning from
eating a week’s worth of any commercially available fish.

Please be aware that these values are averages. The concentration of
mercury in seafood can be significantly higher or lower than what
is represented here. As a precautionary approach, we recommend
that women (especially of childbearing age) avoid seafood species
that contain higher average levels of mercury. Mercury information
for many shellfish species is currently unavailable.

Data source: FDA website (http://www.cfsan.fda.gov/~frf/sea-mehg.
html). Two exceptions are the troll-caught albacore data which
come from an Oregon State University study and canned albacore
data, which come from an FDA dataset that is not yet published on
its site.

continued
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TABLE 6-1 Continued

Website Organization  Type of Organization/Project  Input
http://www.nrdc. Natural An environmental action Consumer’s weight
org/health/effects/ ~ Resources organization (Ibs)
mercury/index.asp  Defense Types of fish
Council consumer has
(NRDC) eaten in the last
month
Number of
portions

consumer has
eaten of each
fish

Portion sizes for
each fish meal

http://www. The Ocean A research, education, Consumer’s weight
oceanconservancy.  Conservancy advocacy organization (Ibs)
org/site/PageServer? advocating for the oceans Average number
pagename=mercury of 6 oz
Calculator servings/week

of different
seafood types
(list provided)

tool. Information on the nutrient content of foods, including seafood, can
be obtained through the USDA nutrient database (USDA, 2005b; Source:
http://www.nal.usda.gov/fnic/foodcomp/Data/SR18/sr18.html) (see also
Chapter 5, Table 5-2 and discussion).

Currently, much of the interactive seafood consumption information
available on the Web consists of mercury intake calculators that may include
tailoring by the decision-maker’s weight, sometimes gender, and the type
and amount of seafood consumed (Table 6-1). In addition, the computer-
ized nutritional information approach has been successful and shown some
promise in other domains (Lancaster and Stead, 2002; Eng et al., 1999).
Computerized nutrition information in the form of menu planning has been
ongoing since the mid-1960s (Balintfy, 1964; Eckstein, 1967) and is still
being developed (Bouwman et al., 2005).

Northern Contaminants Program

The Northern Contaminants Program (NCP) is funded by a commit-
ment of one million dollars a year from the Canadian government and
managed by aboriginal communities. The aim of the program is to reduce
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Output Notes/Quoted Extracts

Estimated level of Because the numbers used in the mercury calculator are averages,

blood mercury (ug/L), the fish you eat may contain mercury at levels significantly higher

level of blood mercury or lower than the numbers used in this calculator. The results of

that the US EPA the calculator are only an estimate of the possible level of mercury

considers safe in your blood and should not be considered definitive. The
estimate does not predict any risk to you or your family. If you

Based on the US EPA’s  are concerned about the calculator’s results or wish to get a more

Reference Dose accurate reading through a blood mercury test, you should talk to
your doctor.

Link to FDA’s 2003

data on levels of

mercury in 17 types

of fish

Total mg/kg mercury  If your results are less than 0.7 below, your mercury levels are

per week likely within EPA’s recommended range. If your results exceed 0.7,
your levels may be higher than EPA recommends.

Based on the US EPA’s

Reference Dose Data source: “Mercury Levels in Commercial Fish & Shellfish,” by
FDA and EPA (http://vm.cfsan.fda.gov/~frf/sea-mehg.html)

and eliminate some of the contaminants reaching the Arctic, and to inform
and educate Northerners about the issue of contaminants. Relevant to this
report is the work that is being done to inform and educate Northerner
Dwellers about the issue and how to manage their diet around existing and
emerging contaminant issues.

The initial response of Northern aboriginal communities to information
on contaminants in aquatic food was a dramatic switch away from eating
“country foods.” In a region where there are few readily available and af-
fordable nutritional alternatives and 56 percent of the population is “food
insecure,” this exposed the population to a greater risk from poor nutrition
than that posed by the contaminants. Communication about contaminants
also affected the social structure of the region as it had a negative impact on
the practice of sharing food, due to concerns that hunters might be poison-
ing friends and family. There was also a negative impact on the efforts of
health workers to encourage breastfeeding in the region.

Under the NCP, any contaminant information has to be filtered through
a community committee made up of representatives from the aboriginal
and Inuit organizations, and health and wildlife workers. This committee is
responsible for taking the messages that scientists may develop, and turning
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them into something that can be presented to and discussed with the com-
munities. This communication process has enabled the scientific assessments
to be merged into different communication practices that result in better
public perception and understanding.

In the Inuit culture, each community has its own particular system
of knowledge and way of understanding, and the NCP has adapted com-
munication activities to these systems. Among the targeted and tailored
communications activities are school curriculums for children, posters, little
newsletters, and fact sheets. Radio, video shows, and a whole myriad of
different technologies are used to communicate these messages.

Most of these communications relate to benefits—country foods are
good for you and important for good nutrition. Little is said about contami-
nants because the community had established that people really do not care
about bioaccumulation or PCBs. They want to know if their food is good
to eat. The community has told the scientists that contaminant messages
cannot just be “dumped” on communities. Information has to be put into
a context of an overall health and nutrition message. The NCP is delivering
these tailored health and nutrition messages, targeted to specific audiences
such as youth and pregnant or nursing women through a community-based
stakeholder program (Personal communication, E. Loring, Inuit Tapiriit
Kanatami, August 3, 2006; http://www.ainc-inac.gc.ca/ncp/).

Summary

In summary, guidance to consumers regarding the benefits and risks of
seafood consumption may inform individual choices about which types of
seafood and how much to consume. The design of guidance should consider
the context of other product information, particularly labeling, available
to consumers to facilitate choice. These other information sources affect
choice as well as influence how effectively consumers can implement their
decisions once they are made. This distinction is important. For example,
labels provide information that consumers use to decide which products
to buy just as consumer guidance does. But they also facilitate choices that
have already been made. If, following guidance, consumers decide to add a
particular type of seafood from a specific region to their diets, will they be
able to effectively identify this product in a retail store? Do restaurant and
fast-food outlet menus give sufficient information for consumers to imple-
ment their choices made on the basis of guidance?

IMPACT OF INFORMATION ON CONSUMER DECISION MAKING

Although it is difficult to attribute observed behavior changes to spe-
cific advice, like national and local fish advisories, awareness of advisories
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suggests that they contribute to avoidance. For example, shifts away from
traditional (country) foods, much of which is seafood, due to concerns that
include mercury and other pollutants, have resulted in striking increases in
anemia, dental caries, obesity, heart disease, and diabetes among the native
populations of Northern Canada (Willows, 2005). Another example of an
unanticipated effect of risk information is the Alar controversy of 1989
(Marshall, 1991), which effectively stigmatized apple consumption until
Alar was pulled from the market later that year.

As these examples show, reactions to risk information can prevail over,
and change, preferences and markets; consumer information may appear
to have little direct influence, but it can have substantial unanticipated con-
sequences. The combination of responses to and changing understanding
of food consumption choice consequences can amplify the effects of risk
information, which can be further amplified by the media, government, and
other parties (Kasperson et al., 2003). Providing information about risks in
the absence of benefit information is likely to produce negative responses
(Finucane et al., 2003; Slovic et al., 2004), compounding the tendency to
omit consideration of factors that are not mentioned explicitly (Fischhoff
et al., 1978).

Seafood choices, like all consumption choices, may entail value trade-
offs (see Chapter 7). Well-designed guidance and information can simplify
making such trade-offs for consumers by:

e Taking into account consumers’ own decision objectives;

e Understanding consumers’ decision contexts and prior beliefs;

¢ Providing adequate, comprehensible measures for the full range of
consequences;

¢ Recognizing that value trade-offs are dependent on individual prefer-
ences and tastes; and

¢ Supporting consistency checks, to help people make decisions con-
sistent with their preferences (Keeney, 2002).

Interpretation of new messages—including labels, warnings, and risk
communications—depends on prior knowledge and beliefs (Sattler et al.,
1997; Argo and Main, 2004), ethnic and cultural background (Burger et
al., 1999a,b; Bostrom and Lofstedt, 2003; Knuth et al., 2003), and other
characteristics of individual message recipients, as well as attributes of the
messages. In addition to specific content (Bostrom et al., 1994) and attri-
butes such as format, structure, graphics, and wording choices (Schriver,
1989; Atman et al., 1994; Wogalter et al., 1996; Sattler et al., 1997; Schriver,
1997), how messages are processed depends also on the reader’s attributes
and motivation, and the salience and importance of the topic to the reader
(Wogalter et al., 1996; Zuckerman and Chaiken, 1998).
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Knowing how consumers make such decisions is also critical to assess-
ing the likelihood of success of different communication strategies. Hence
the design of consumer information about benefits and risks associated with
seafood consumption requires assessing the decision goals and decision
processes of consumers through formative analyses involving interviews
or focus groups, and observational studies, as well as quantitative survey
analyses and experimental testing of presentation formats and dissemination
outlets. The following discussion summarizes the evidence to date regarding
the effects of seafood advisories, labels, point-of-purchase information, and
other consumer communications.

Evaluating the Effects of Previous Seafood Consumption Guidance

Evaluating the impact of previous guidance on seafood purchasing
behavior can be done either qualitatively or quantitatively. Focus groups
have been the traditional qualitative method; responses to surveys provide
the quantitative information (Source: http://www.cfsan.fda.gov/~dms/adme-
hg3g.html). Simulations, predictions, and scenarios also can be employed.

Impact of Federal Fish Advisories

In a report to the Interagency Working Group on Mercury Communi-
cations, Levy and Derby (2000) described the results of eight focus groups
conducted prior to the 2001 US EPA fish advisory. They characterize prior
concerns about mercury in fish as low, with the perception that mercury in
fish is primarily a pollution problem. Reactions to statements about hazards
of mercury in fish and fish consumption advice were interpreted as dem-
onstrating two kinds of spillover effects. The first was a failure to narrow
the perception of the at-risk group to be pregnant women who eat a lot of
fish; focus group participants concluded that the general public must be at
risk for consuming mercury from fish. The second was a general tendency
to categorize fish as safe or not without paying much attention to quantita-
tive consumption advice. Also noted was the fact that participants wanted
information on fish that were safe to eat as well as on those that were not
safe to eat.

Oken et al. (2003) and Shimshack et al. (2005) conducted post hoc
analyses of the effects of the 2001 US EPA fish advisory on seafood con-
sumption. Oken et al. (2003) found that issuance of the advisory was cor-
related with decreased consumption of “dark meat” fish, canned tuna, and
“white meat” fish in a study of pregnant women. However, it is unclear
whether the decrease is attributable to the advisory because the study lacks
controls for other known possible influences on consumption. Shimshack et
al. (2005) find evidence suggestive of a decrease in canned fish consumption
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after the advisory among those who regularly read newspapers or maga-
zines. Overall, they conclude that the advisory had an effect in that over
the period studied the mean expenditure share for canned fish fell for some
targeted consumers compared to nontargeted consumers. Again, the study
does not control for other factors that may have an important influence
on changes in consumption. In addition, neither study controls for actual
awareness of the advisory, which makes any attribution of the observed
changes difficult. The business press refers to a drop in demand after the
joint 2004 US EPA/FDA fish advisory (e.g., Warner, 2005). The committee
cannot evaluate these claims due to the lack of any statistical information
and controls for other factors that affect sales beyond the effects of the
advisories. To the best of the committee’s knowledge there have been, to
date, no studies done by government, industry, academia, consumer, or en-
vironmental groups that offer a credible measure of market impacts of the
2004 US EPA/FDA fish advisory.

Cohen et al. (2005) carried out simulations of consumer behavior under
what they call optimistic, moderate, and pessimistic scenarios for responses
to the 2001 advisory. Their optimistic scenario assumes that only women
of childbearing age respond to the advisory, and do so by substituting
low-mercury seafood for higher mercury seafood. Their moderate scenario
assumes that women of childbearing age reduce their seafood consumption
by 17 percent in response to the 2001 advisory, with no change in types
of seafood consumed. Their pessimistic scenario assumes that all adults
decrease seafood consumption by 17 percent. In both the moderate and pes-
simistic scenarios, an overall decrease in benefits results (estimated changes
in Quality Adjusted Life Years from a benefit-risk analysis). The optimistic
scenario estimates an increase in net benefits if there is compliance with the
2001 advisory, with no spillover effects. The greatest benefit is derived from
eating one fish meal a week, as opposed to none. In summary, the analysis by
Cohen et al. suggests that the advisory was appropriate, in theory; but the
study is not an empirical evaluation of the effects of the advisories. Further,
the study assumed some coronary and stroke risk-reduction benefits that
recent reviews suggest may not be empirically substantiated.

The US EPA and FDA carried out two sets of focus group studies prior
to issuing their joint 2004 US EPA/FDA fish advisory, for a total of 16 focus
groups in seven locations (SOURCE: http://www.epa.gov/waterscience/
fishadvice/factsheet.html). In a public presentation, an FDA spokesperson
summarized findings from the first eight focus groups in four main points:
(1) most participants preferred a simple message conveying that consum-
ing high amounts of methylmercury may harm a child’s development, and
what to do to avoid high amounts; (2) some participants wanted more
information about how methylmercury would affect health, and more data
on particular species of fish; (3) some participants think of fish consump-
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tion as a whole, and do not distinguish between commercially and sport- or
recreationally caught fish; (4) almost all participants reported that they and
their children would avoid species designated “do not eat,” regardless of
whether or not they were in the targeted audience (Davidson, 2004).

Detailed reports from these focus group studies are not available, al-
though information shows that the focus groups included pregnant or lactat-
ing women and racially diverse groups of both sexes, and were conducted
in coastal as well as noncoastal locations (Davidson, 2004).

Impact of State Fish Advisories

Survey evaluations suggest that awareness of state fish advisories is low
overall. Between one-half and two-thirds of sports fishers reported aware-
ness of state or local advisories in studies of advisory effectiveness (Burger
and Waishwell, 2001; Anderson et al., 2004). Tilden et al. (1997), Anderson
et al. (2004), and Knobeloch et al. (2005) found that awareness was higher
among males than females, with less than half of the women who consume
recreationally caught fish aware of advisories.

Risk information of the type found in fish advisories appears to increase
reluctance to consume seafood proportionately to benefits when the risks
are low, and without regard to benefits when the risks are high (Knuth et
al., 2003). Further, there is preliminary evidence suggesting that risk-risk
information (comparing the risks of seafood with risks of other foods) may
influence risk perceptions more than benefit-risk information (for risks and
benefits of seafood) (Knuth et al., 2003).

As is shown in Table 1-2 and Appendix Table B-3, seafood advisories
and guidance have been issued by federal, state, and local authorities with
conflicting objectives and differing assumptions, even to the point of in-
consistent serving sizes. Even an expert reader would find it challenging to
integrate these different pieces of advice with one another.

In general, it requires careful experimental design to be able to attribute
the effects of specific communications (Golding et al.,1992; Johnson et al.,
1992). Experimental evidence shows that warnings can change perceptions
and beliefs (Wolgater and Laughrey, 1996; Sattler et al., 1997; Burger and
Waishwell, 2001; Riley et al., 2001; Argo and Main, 2004; Knobeloch et al.,
2005), but unintended effects, such as overreactions, may occur (Wheatley
and Wheatley, 1981; Levy and Derby, 2000; Shimshack et al., 2005).

Labeling Effectiveness and Effects of Health Claims

While there is little evidence pertaining to seafood labels per se, there is
considerable evidence on labeling effectiveness in general. In their systematic
review of 129 studies, Cowburn and Stockley (2003) concluded that most
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consumers claim to look at nutrition labels at least sometimes, but actual use
is not widespread. Evidence on consumer understanding of nutrition labels
is mixed; while nutrition labels appear to enable simple comparisons, con-
sumers have difficulty using them for more complex tasks, like placing food
into consumers’ overall dietary context. The review summarizes findings on
label formatting as well, and recommends using boxes for the information;
standard, familiar, consistent formatting; and thin alignment lines. Other
formatting information reviewed suggested that pie charts are difficult for
consumers to understand and should not be used, and that consumers using
bar charts tended to compare the length of the bars without taking note
of the scales (Cowburn and Stockley, 2003). Recent formative research on
more graphic presentation of nutritional information suggests that “traffic
light” formats (Food Standards Agency, 2005) may be effective. These rely
on the familiarity of the traffic light metaphor, and the ease with which
people interpret their colors.

Research on Qualified Health Claims as Applied to Functional Foods In
their survey of consumers in Finland, Denmark, and the United States
(n=1533, stratified by country), Bech-Larsen and Grunert (2003) found that
perceived healthiness of functional foods was primarily determined by the
perceived healthiness of the base foods (orange juice, yogurt and non-butter
spread) used in their experiment regardless of the additional functional
component. Health claims on the label increased the perceived healthiness
of functional foods (Bech-Larsen and Grunert, 2003; Williams, 2005).

The optimal presentation of health claims may be a short health claim
on the package front, with a longer panel on the back (Wansink et al.,
2004). While health claims can change attitudes toward foods, qualifying
such claims appropriately based on the quality of the underlying science is
a challenging communications task. In tests of several formats, including
adjectives embedded in statements and various report card formats (Derby
and Levy, 2005), strength-of-science disclaimers did not have the intended
effects.

Table 6-2 summarizes the current seafood consumption information
environment. Information from the table can be used to identify opportuni-
ties for improving this environment with existing information. As illustrated
in the table, the most salient gap is insufficient evaluation of the current
consumer seafood information environment (e.g., marketing research) and
a lack of emphasis on benefits of seafood consumption. Most information
available focuses on risks alone. Other shortfalls include the limited reach
of state advisories, lack of or potentially misleading (out of date, or inap-
propriate use of Reference Dose [RfD]) use of quantitative benefit and risk
information in interactive online consumer guidance, and limited provision
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of point-of-purchase information. Notably, federal and state government
agencies are not currently providing interactive online guidance.

SETTING THE STAGE FOR DESIGNING CONSUMER GUIDANCE

Seafood is a complex commodity, with a very wide range of individual
products with varying price levels, and nutrient and contaminant profiles.
The availability and affordability of seafood products is changing (see
Chapter 2); this is likely to influence the ability of consumers to implement
the seafood choices that they want to make to balance benefits and risks.
The market context in which consumers make choices should be kept in
mind when designing guidance. For example, information accompanying
the guidance could point to lower-cost alternatives for increasing intake of
seafood rich in EPA and DHA.

Seafood choices, like all consumption choices, entail value trade-offs;
for example, seafood higher in EPA and DHA may cost more than seafood
that is lower. Other seafood may be more economical but contain higher
levels of contaminants. Some individuals will accept high risks to achieve
what they value as high benefits (e.g., consume raw seafood because of its
pleasurable taste), while others may prefer to “play it safe.”

Individual differences in tastes, preferences, beliefs and attitudes, and
situations complicate the task of informing and supporting benefit-risk
trade-off decisions. Food choices may be predicated on different objec-
tives—a healthy baby for the pregnant woman, or weight loss for someone
who is overweight. Audience segmentation and targeting is essential for ef-
fective communication (see above), not only because decision objectives and
risk attitudes vary, but because people’s knowledge and interest varies.

Tailored communications are more effective than general advice (de
Vries and Brug, 1999; Rimer and Glassman, 1999). For example, access
to appropriate, science-based information on both the benefits and risks of
seafood consumption is particularly critical for pregnant women to enable
them to adhere to health guidance messages (Athearn et al., 2004). There-
fore, constructing information on balancing the benefits and risks of seafood
consumption during pregnancy must address pregnant women separately
from other consumers.

A recent multi-state focus group study (Athearn et al., 2004) revealed
that most but not all women were aware of and followed the recommenda-
tion to avoid undercooked or raw seafood during pregnancy. In contrast,
the recommendation not to serve smoked fish cold without heating was less
familiar, which was reflected in higher reported consumption levels (25.8
percent for smoked fish vs. 14.5 percent for undercooked or raw seafood
consumption). This appeared to be related to lack of exposure to this rec-
ommendation (especially from participants’ doctors) and lack of publicized
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evidence of risk (in terms of outbreaks, case studies, or risk assessment
measures). It was also related to the lack of clarity as to whether “smoked”
fish included lox and hot-smoked and/or cold-smoked fish. The authors
concluded that it is critical for pregnant women to understand why the
information is being targeted to them, and to make certain to entitle food
safety information as “applicable to pregnant women” specifically.

Consumer messages about diet and nutrition need to be understand-
able, achievable, and consistent across information sources. They must also
“address sources of discomfort about dietary choices; they must engender a
sense of empowerment; and they should motivate both by providing clear
information that propels toward taking action and appeals to the need to
make personal choices” (Borra et al., 2001). Consumers need access to in-
formation that is in a clear and easy-to-understand format, that is structured
to support decision-making, and that allows consumers access to additional
layers of information when they want them (Morgan et al., 2001).

It is important for those designing consumer guidance to conduct an
empirical analysis of the decision-making process. Part of this assessment
is understanding consumers’ decision context when they are presented with
guidance suggesting changes in food choice behavior. One way to gain such
understanding is to construct an empirically based scenario reflective of
the consumers’ world, rather than that of the scientist, as described in the
Family Seafood Selection Scenario shown in Appendix C-4. This should be
based on the best available evidence from consumer research.

Pre-implemention and post hoc evaluation of the impact of consumer
guidance must control for differences, as well as changes in factors including
incomes and prices, that occur during the period studied in order to isolate
the effect of the guidance itself. Otherwise, the effect of the guidance on
changes in consumption may be over- or underestimated. These types of
controls have been lacking in previous evaluations, making the effect of the
guidance unclear.

FINDINGS

1. Consumers are faced with a multitude of enablers and barriers when
making and implementing food choices. Dietary advice is just one compo-
nent in making food choices.

2. Advice to consumers from the federal government and private orga-
nizations on seafood choices to promote human health has been fragmented.
Benefits have been addressed separately from risks; portion sizes differ from
one piece of advice to another. Some benefits and some risks have been ad-
dressed separately from others for different physiological systems and age
groups. As a result, multiple pieces of guidance—sometimes conflicting—ex-
ist simultaneously for seafood.
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3. The existence of multiple pieces of advice, without a balancing of
benefits and risks, may lead to consumer misunderstanding. As a result,
individuals may under- or overconsume foods relative to their own health
situations.

4. There is inconsistency between current consumer advice in relation
to portion sizes. For example, the FDA/US EPA fish advisory uses a 6-ounce
serving size whereas nutritional advice from some government agencies uses
a 3-ounce serving size.

5. Evidence is insufficient to document changes in general seafood con-
sumption in response to the 2001 or 2004 methylmercury advisories.

6. It is apparent that messages about consumption often have to be
individualized for different groups such as pregnant females, children, the
general population, subsistence fishermen, and native populations.

7. Involving representatives of targeted subpopulations (e.g., Arctic
Circle campaign) in both the design and evaluation of communications in-
tended to reach those subpopulations can improve the effectiveness of those
communications.

8. There are models for designing guidance, e.g., using full programs,
that some individual communities (e.g., Arctic Circle campaign) have con-
tributed to understanding the effects of different modes of health commu-
nication and modifying messages to achieve the desired community and/or
individual response.

RECOMMENDATIONS

Recommendation 1: Appropriate federal agencies should develop tools
for consumers, such as computer-based, interactive decision support and
visual representations of benefits and risks that are easy to use and to in-
terpret. An example of this kind of tool is the health risk appraisal (HRA),
which allows individuals to enter their own specific information and returns
appropriate recommendations to guide their health actions. The model de-
veloped here provides this kind of evidence-based recommendation regard-
ing seafood consumption. Agencies should also develop alternative tools for
populations with limited access to computer-based information.

Recommendation 2: New tools apart from traditional safety assessments
should be developed, such as consumer-based benefit-risk analyses. A better
way is needed to characterize the risks combined with benefit analysis.

Recommendation 3: A consumer-directed decision path needs to be
properly designed, tested, and evaluated. The resulting product must un-
dergo methodological review and update on a continuing basis. Responsible
agencies will need to work with specialists in risk communication and evalu-
ation, and tailor advice to specific groups as appropriate.
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Recommendation 4: Consolidated advice is needed that brings together
different benefit and risk considerations, and is tailored to individual cir-
cumstances, to better inform consumer choices. Effort should be made to
improve coordination of federal guidance with that provided through part-
nerships at the state and local level.

Recommendation 5: Consumer messages should be tested to determine
if there are spillover effects for segments of the population not targeted by
the message. There is suggestive evidence that risk-avoidance advice for
sensitive subpopulations may be construed by other groups or the general
population as appropriate precautionary action for themselves. While em-
phasizing trade-offs may reduce the risk of spillover effects, consumer test-
ing of messages should address the potential for spillover effects explicitly.

RESEARCH RECOMMENDATIONS

Recommendation 1: Research is needed to develop and evaluate more
effective communication tools for use when conveying the health benefits
and risks of seafood consumption as well as current and emerging informa-
tion to the public. These tools should be tested among different communities
and subgroups within the population and evaluated with pre- and post-test
activities.

Recommendation 2: Among federal agencies there is a need to design
and distribute better consumer advice to understand and acknowledge the
context in which the information will be used by consumers. Understanding
consumer decision making is a prerequisite. The information provided to
consumers should be developed with recognition of the individual, envi-
ronmental, social, and economic consequences of the advice. In addition, it
is important that consistency between agencies be maintained, particularly
with regard to communication information using serving sizes.

SUMMARY

Mass communication has inarguably changed the world, using a one-
size-fits-all model. There are health messages that everyone of a certain
generation has heard (“Just Say No”). But like shoes, advice is more helpful
if it is sized appropriately and designed appropriately for the intended use.
As communications technologies have advanced, the communicator’s ability
to tailor communications to reach large audiences rapidly, and interact with
them, has also advanced.
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Balancing Choices:
Supporting Consumer Seafood
Consumption Decisions

his chapter presents Step 3 (see Box 5-1) of the process for designing

consumer guidance on balancing benefits and risks associated with

seafood consumption. This step focuses on the design and evaluation of
the guidance program itself, including the format of the guidance; its com-
munication through media, health care partners, and other channels; and
mock-up examples of ways to integrate the benefit and risk considerations
from previous chapters into consumer guidance. The chapter also discusses
other communication and decision-support design considerations.

INTRODUCTION

The goal of this chapter is to advise agencies on how to develop a con-
sumer seafood information program to support consumers who are trying
to balance benefits and risks in their seafood consumption decisions. Such
advice necessarily builds on an assessment of the benefits and risks, as well
as an assessment of what decisions consumers actually face, and how they
currently approach those decisions. A related and essential element of the
process is use of the best available social and behavioral science research on
the design of effective communications programs and messages to inform
consumer benefit-risk decisions. In addition, we present several specific op-
tions for informing seafood consumption decisions, in order to highlight the
features of alternative formats for informing consumers’ seafood consump-
tion decisions for themselves and their families.

While there is a role for simple slogans and overall guidance to the
general population, the committee believes that it cannot be emphasized
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too much that communications tailored for specific audiences are likely to
be more effective and thus are an important element in communications
programs. This is especially important for benefit-risk choices where target
population groups differ in their risk susceptibility, and in the degree to
which they are likely to benefit. For both education and marketing, under-
standing the audience and targeting it appropriately are critical.

A successful communications program starts with clear objectives and
measurable goals, and includes the steps outlined in the two preceding
chapters followed by implementation and evaluation, as discussed below.
The development strategy should be iterative, such that program evaluation
is built into the program from the outset and used to refine it over time.
One widely used health communications program planning document, the
National Institutes of Health “Pink Book” (SOURCE: http://www.cancer.
gov/pinkbook), suggests these components for a health communications
program plan: a general description of the program, including intended
audiences, goals, and objectives; a market research plan (i.e., for research-
ing the consumer context and choice process); message and materials
development and pretesting plans; materials production, distribution, and
promotion plans; partnership plans; a process evaluation plan; an outcome
evaluation plan; a task and timetable; and a budget.

For demonstration purposes, the committee takes as a working objec-
tive the facilitation of consumer use of information for decision making and
balancing choices, for a wide variety of consumers. Corresponding measur-
able end points would be increased awareness of both benefits and risks of
seafood consumption, and increased ease of access and usability of seafood
benefit-risk information.

Table 6-2 in Chapter 6 provides a summary of the current seafood con-
sumption information environment. Opportunities for improving the cur-
rent information environment include: (1) providing more comprehensive
and systematic evaluation of current consumer seafood information and in-
formation environments for target populations (“marketing research”); (2)
increasing the emphasis on benefits of seafood consumption; (3) assessing
the overall role of state advisories in consumer seafood consumption deci-
sions, taking into account their limited reach; (4) increasing the availability
of quantitative benefit and risk data for seafood consumption, and address-
ing any errors in how quantitative benefit and risk information is used in
interactive online consumer guidance; (5) increasing the use and usefulness
of point-of-purchase displays; and (6) developing partnership programs.

Notably, while US federal and state agencies provide websites for con-
sumers (e.g., http://www.foodsafety.gov/~fsg/fsgadvic.html; http://health.
nih.gov), these do not currently provide interactive online guidance; other
parties are now providing quantitative risk information, as discussed in
Chapter 6. Much has been written about program evaluation (CDC, 1999;
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Mark et al., 2000; Ryan and DeStefano, 2000) and the evaluation of com-
munications (Schriver, 1990; Spyridakis, 2000); the paucity of information
available regarding both formative (e.g., the Food and Drug Administration
focus groups) and summative (e.g., overall effects on attitudes or consump-
tion) evaluation of national seafood consumption advisories suggests that
agencies should devote additional attention and resources to evaluation.
The committee touches on the importance of evaluation in the context of
partnerships, to assess whether communications are appropriate and effec-
tive for target populations.

STEP 3: DESIGNING COMMUNICATIONS TO SUPPORT
INFORMED DECISION-MAKING

Interactive Health Communication

In seafood consumption, “one size does not fit all,” and messages about
consumption often have to be individualized for different groups. There is
a need to consider developing tools for consumers such as web-based, in-
teractive programs that provide easy-to-use seafood consumption decision
tools. Real-time, interactive decision support that is easily available to the
public has the potential to increase informed actions for some portion of the
population. In the absence of federal investment in such tools, some organi-
zations have invested in online mercury calculators or consumption guides
(Table 6-1). Many of these focus solely on risks from seafood consumption,
and while well-intentioned, may be providing misleading information, for
example, by interpreting the Reference Dose (RfD) as a “bright line” to
determine whether consuming seafood puts a consumer at risk.

One model for developing comprehensive consumer tools is a health
risk appraisal (HRA) that would allow individuals to enter their own spe-
cific information and would provide feedback in the form of appropriate
information or advice to guide the user’s health actions, such as seafood
consumption. There are a myriad of health risk appraisal tools commercially
available; of those in the public domain the Centers for Disease Control
and Prevention (CDC) has extensive experience in the development and use
of HRAs (SOURCE: http://www.cdc.gov). In order to be most useful and
appropriately directed, tools such as the HRA must be based on a body of
knowledge that substantiates both benefits and risks. This kind of approach
can be seen in the Clinical Guide to Preventive Services from the Agency for
Healthcare Research and Quality (AHRQ), which adopted recommenda-
tions based on medical evidence and the strength of that evidence in practice
(USPSTE, 2001-2004).

The Clinical Guide to Preventive Services is an example of an interactive
health communication approach to providing one-on-one guidance, along
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with the degree of evidence for that guidance, which is used to categorize a
spectrum of recommendations. These tools are generally not set up to pro-
vide information to individuals, but rather to public health practitioners and
individual care providers. Their recommendations are evidence-based but
not easily translatable to the lay community. Although the Clinical Guide to
Preventive Services is aimed toward practitioners, AHRQ has tried to make
it understandable to the general public—e.g., if you are over 50, and have
a risk factor, then get a mammogram.

A more coordinated approach is needed for developing and disseminat-
ing evidence-based recommendations to health care practioners that can
then be provided to consumers. Such recommendations should be updated
on a continuous, rotating basis, to allow for more rapid translation of sci-
ence to practice. Where HRA tools are targeted for intermediaries who are
experts in their own right, guidance or additional tools are necessary to help
them translate and target information for consumers. The Clinical Guide to
Preventive Services has a handbook that attempts to provide user-friendly
tools to help providers translate and target information to consumers. If the
goal is to guide consumption decisions that balance benefits and risks, there
needs to be a similar translation mechanism because of the limited and con-
tinuously evolving knowledge base concerning seafood benefits and safety.
Currently, consumers are receiving piecemeal information about methylmer-
cury and persistent organic pollutants such as dioxins and polychlorinated
biphenyls (PCBs); for the most part, that information is not pulled together
sufficiently to facilitate consumers’ understanding it in context and thus be-
ing able to use it to inform their choices (see Table 6-2). (Also see Chapter
6 for discussion of the effectiveness of online nutrition information.)

A general framework for developing this kind of communication is a
consumer checklist that engages the user in interactive identification of his
or her benefit-risk factors, and uses that information to produce a tailored
benefit-risk estimation and associated recommended actions. Determining
how to communicate the resulting estimates and actions requires a series
of judgements, including whether and how to represent this information as
text, numbers, or graphics. Empirical testing of the effects of the final tool
is essential, given the difficulties of predicting the effects of communications
on individual consumers, or even specific target populations.

Decision Support for Consumers

The committee’s balancing of the benefits and risks of different pat-
terns of seafood consumption for different target populations resulted in
the analysis presented in Chapter 5. This type of expert identification of the
characteristics that distinguish target populations who face substantially dif-
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ferent consequences from seafood consumption is an important component
of audience segmentation and targeting.

If a target population believes they are exempt from general advice
because of some specific condition, they may either ignore the available
advice or interpret it in unanticipated ways. The spillover effects discussed
in Chapter 6 illustrate the kinds of problems that may arise. While expert
recommendations such as those summarized in Chapter 5 could, in theory,
be used directly by federal agencies as advice to consumers on seafood
consumption, such advice is unlikely to be effective if it ignores consumers’
contexts and information needs.

As discussed in Chapter 6, there are multiple reasons why expert
benefit-risk analyses alone comprise an insufficient communication design
strategy. Examples include when consumers distrust experts, when there
are widespread misconceptions about a risk or benefit, or when experts use
technical jargon that makes their reasoning opaque to nonexperts. Some
consumers may want more information, and some will want to be able to
independently verify experts’ advice.

One previously tested consumer-centered approach to providing infor-
mation is the development of decision support focused on the decisions and
decision contexts faced by consumers, as discussed in Chapter 6. Through a
brief set of questions, a decision pathway can segment and channel consum-
ers into relevant target populations in order to provide benefit and risk infor-
mation that is tailored to each group, as illustrated in Figures 7-1 and 7-2.

Figure 7-2 includes a separate question about cardiovascular health,
which differentiates it from Figure 5-2. This question is included because
the committee anticipates that the many recommendations and guidelines
specially targeting higher eicosapentaenoic acid/docosahexaenoic acid (EPA/
DHA) consumption for those with cardiovascular health concerns may have
created a belief in that target population that they would benefit more than
others from high EPA/DHA consumption. As is evident from the recom-
mendations in both Figure 5-2 and 7-2, the committee’s analysis does not
support this distinction. This assumption about cardiovascular patients’
beliefs would need to be verified empirically before it was included as part
of a communications program.

Alternative formats for presenting information can serve the interests
of consumers who desire different levels of information as inputs to their
decision-making, and provide those most interested with additional insight
regarding the quality of information, including uncertainties. Alternative
guidance structures might be relevant for consumers focused on different
goals and decisions, such as the estimated benefits and risks of eating a spe-
cific seafood meal, as illustrated in Figure 7-3. Figure 7-3 uses consumption
of one 3-ounce serving of Atlantic farmed salmon as an example of the type
of information that could be presented with this tool. The committee notes
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1. What is your age?

O 2-19
0 20-39
[0 40+

2. What is your sex?
O Male

OO Female

If female, could you become pregnant or are you currently pregnant or lactating?
O Yes
[J No

3. Are you at risk of cardiovascular disease?
O VYes

O No

4. Do you eat fish caught in local waters, as opposed to commercially available fish?
O Yes

O No

FIGURE 7-1 Example of set of questions to identify benefit-risk target populations
for seafood consumption.

that the eocological effects of increasing salmon aquaculture are highly
debated (e.g., Naylor et al., 2001). Further consideration would have to be
given to this debate if the decision tool were to also incorporate a weighing
of the ecological impacts of food choices.

Another alternative format structure might be a comparison of two meal
options, as illustrated in Figures 7-4a and 7-4b for the example of consum-
ing a serving of salmon vs. a serving of chicken. Full development of this
comparison approach would require information, such as that shown in
Table 5-1, on a full range of seafood and other food products that consum-
ers may substitute for each other.

Decision analyses can be presented in several formats (e.g., Figures 7-3,
7-4a, and 7-4b) or used to lead consumers through a decision pathway, for
example, via an interactive Web-based program that graphically provides
tailored information. In a Web-based format, the consumer could proceed
by answering a set of questions such as those shown in Figure 7-1.
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12 years and under |

13 years and over |

[_Female |

[_Mvale |

(

Could become pregnant,
pregnant, or lactating

)

Yes

[N |

Do you consume locally caught
seafood?

[ 1

| Yes | | No |

At risk for heart disease J

l
(

Contaminants in seafood

Evidence for additional benefits of
seafood consumption to those at
risk for heart disease is too weak to

warrant special advice

vary according to local
conditions; consume
locally caught seafood
only if appropriate after
checking your state
advisories

May benefit from consuming seafood, especially
those with relatively higher concentrations of EPA
and DHA.

A reasonable intake would be two 3-ounce
servings (or for children, age-appropriate servings)
but can safely consume 12 ounces per week.

Can consume up to 6 ounces (or for children,
age-appropriate servings) of white (albacore) tuna
per week and should avoid large predatory fish
such as shark, swordfish, tilefish, or king mackerel.

Do you consume locally caught
seafood?

1

| Yes | | No |

v

Contaminants in seafood vary
according to local conditions; consume
locally caught seafood only if
appropriate after checking your state

advisories

v

Consume seafood regularly, e.g., two 3-ounce
servings weekly.

If consuming more than two servings per week,
choose a variety of seafood types.

There may be additional benefits from including
seafood comparatively high in EPA and DHA.

FIGURE 7-2 Example of a decision pathway for consumer guidance.
NOTE: The wording in this figure has not been tested among consumers. Designers
will need to test the effects of presenting information on seafood choices in alternative

formats.
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This week | am planning on eating:

Meal 1: (number entered by consumer) ounces of
(type of seafood, entered by consumer from dropdown menu), and

Meal 2: (number entered by consumer) ounces of
(type of seafood, entered by consumer from dropdown menu).

(If you plan on eating additional seafood meals, click here).

Is this a good idea?
Enter your age (from menu) and gender (from menu), then
click here for advice, here for analysis.

: Example:
1 This week | am planning on eating
1

: (no additional meals)

I
I
! i
iMeal 1: 3 ounces of Atlantic farmed salmon,
I
: What will | be getting from this seafood? :

1

/ \ ﬁNALYSIS of nutrients and \

ADVICE: contaminants in your seafood meals:

Eating 3 ounces of Atlantic

farmed salmon a week is 3 _ounces of Atlantic farmed
good for everyone, including salmon has:
children and women of
childbearing age. Nutrients:*

Calories.......cocueu. 175
Evidence suggests that you Saturated fat........ 2.1 grams
could benefit from eating Selenium.............. 35.2 micrograms
more seafood than this 1IroN..ccieieeees 0.3 micrograms
every week. EPA/DHA.............. 1.8 grams
Serving size check: 3 Contaminants:*
ounces is about the size of Methylmercury......1 microgram
a pack of cards. Dioxin/DLC........... 21 toxicity equivalents
Click here for more details
on nutrients and *Hotlink the nutrients and
contaminants *in your contaminants to explanations,
seafood meals. definitions, and relevant
Click here for more general standards, similar to the Notes
seafood consumption at the bottom of Table 5-1.
advice. Include links from these to

data sources.
*link to Nutrients and

& Contaminants / \ /

FIGURE 7-3 Example of seafood meal analysis decision tool—Would I receive a
benefit or risk from eating this seafood meal? Questions: portion size (3 or 6 ounces),
kind of seafood (all of the most commonly eaten kinds), specific species/type (where
applicable and data available—e.g., for salmon).
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What happens if | eat 3 ounces of salmon instead of 3 ounces of chicken?

Tabular Comparison?

Salmon Chickene
(3 02) (3 02)

Energy (kcal)? 175 140
Nutrients

EPA/DHA (g)®? 1.8 0.03

Methylmercury (ug)® 1 0
Contaminants

Dioxin/DLC (TEQ)® 21 2

FIGURE 7-4a Example of a substitution question approach with tabular presentation
of information—What happens if I eat seafood X (e.g., salmon) instead of food Y
(e.g., chicken)?

aContinue the table with other nutrients/contaminants/other factors of interest.

bHot link the units to explanations and definition (for example, TEQ = sum of
toxicity equivalency factors (TEF); where TEF is a numerical index that is used
to compare the toxicity of different congeners and substances, in this case dioxin
congeners.

“Note that EPA/DHA levels in chicken and eggs are based on existing published
data; changes in the use of fishmeal in feed sources may have an impact on levels
detected in the future.

The example decision pathway shown in Figure 7-2 distinguishes be-
tween consumer target populations in order to tailor consumption advice
based on current evidence regarding the benefits and risks of seafood con-
sumption. It also assumes that consumers agree with and accept the health
goals and risk assessments implicit in federal nutritional guidelines and risk
advisories.

Additional information can be added to explain branching in the deci-
sion pathway and the reasons for it. Designers will need to test the effects
of presenting information on seafood choices in alternative formats. The
first set of hypertext explanations would link the questions asked in the
decision pathway to the research used to create the pathway, to explain
the questions’ relevance to assessment of benefits and risks, and to provide
consumers with links to more detailed information on the personal benefits
and risks associated with seafood consumption. Table 7-1 shows examples
of the types of explanations that might be used as added information in the
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What happens if | eat 3 ounces of salmon
instead of 3 ounces of chicken?

Graphical Comparison?

200 . 175
140
150 |
b
Energy”  yqq |
(kcal/3 oz serving)
50 |
0
Salmon Chicken®
2 _ 1.8
EPA/DHA®
(9/3 oz serving) T
0.03
0 T )
Salmon Chicken®
15
1
b 1
Methylmercury
/3 0z servin
(g 9) 05 |
0
0 T )
Salmon Chicken®
25 21
20
Dioxin/DLC? 15
(TEQ/3 oz serving) 10
5 2
0+ T
Salmon Chicken®

FIGURE 7-4b Example of a substitution question approach with graphical
presentation of information—What happens if I eat seafood X (e.g., salmon) instead
of food Y (e.g., chicken)?

aContinue the graphs with other nutrients/contaminants/other factors of interest.

bHot link the units to explanations and definitions (for example, TEQ = sum
of toxicity equivalency factors (TEF); where TEF is a numerical index that is used
to compare the toxicity of different congeners and substances, in this case dioxin
congeners.

‘Note that EPA/DHA levels in chicken and eggs are based on existing published
data; changes in the use of fishmeal in feed sources may have an impact on levels
detected in the future.
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TABLE 7-1 Examples of Possible Additional Layers of Information to
Provide to Interested Consumers

Possible Content of “Click Here for More
Background Information”

Age

Gender

Pregnant, could
become pregnant,
lactating

Prior cardiovascular
event

Seafood type, source,
and preparation
method

Alternative sources
of nutrients; benefits,
risks, and costs of
alternatives

Children should eat age-appropriate portions. (hypertext link to
table or pictures of age-appropriate portions)

Mercury accumulates in the body, and so can pose a risk to a
nursing infant or future baby. This is why gender is important.

Mercury accumulates in the body, and so can pose a risk to a
nursing infant or future baby

The evidence that suggests that those who have had heart attacks
may reduce their risk by consuming EPA and DHA is weaker than
previously thought. (link to additional data, source)

Explanatory paragraphs could summarize benefit and risk data

for various species, by geographical origin (where data exist to
distinguish in this way), and whether commercially available or
self-caught fish. They could also discuss preparation methods—risks
of raw fish (see Chapter 4) and cooking methods (e.g., frying,
breading) that can abbrogate nutritional benefits. Current data do
not support distinctions between seafood types beyond those made
in the Food and Drug Administration/US Environmental Protection
Agency 2004 advisory.

As addressed in Chapters 3, 4, and 3, other foods and fish-oil
supplements are also sources of EPA and DHA. Other trade-offs
identified in Chapter 5 could also be summarized for consumers.
Regular updating would be necessary, given that changes in the use
of fishmeal and other content in feed has changed and will change
the nutritional value of animal products.

formats. Designers will need to test the effects of presenting information on
seafood choices in alternative formats.

Presenting Quantitative Benefit-Risk Information:
The Promise and Peril of Visual Information

Both anecdotal and experimental evidence support the use of visual

information as superior to either text or numbers in many contexts. The in-
clusion of alternative presentations of benefit-risk information in the design
of consumer advice recognizes that while some consumers prefer to follow
the advice given them by experts, others want to decide on the benefit-risk
trade-offs for themselves. Consumers differ in their ability to interpret spe-
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cific benefit or risk metrics. As discussed in Chapter 6, effectively informing
decision-making requires the use of metrics that consumers can evaluate
and use. A consumer-centered information design and evaluation approach
is needed that makes information “easily available, accurate, and timely”
(Hibbard and Peters, 2003). One approach is to present numerical infor-
mation graphically (Hibbard et al., 2002). Consumers should be familiar
with rating systems that represent benefits and risks in a small number of
categories (often five), as is done for crash test ratings (TRB, 2002). The
UK Food Standards Agency (FSA) has proposed “red-amber-green” mul-
tiple traffic light labeling for foods (FSA, 2005, 2006; http://www.food.gov.
uk/foodlabelling/signposting/signpostlabelresearch/).

Graph comprehension depends on experience and expectations, as well
as on the design of the graph in question (Shah and Hoeffner, 2002). Famil-
iarity with an analog, as in the multiple traffic light system proposed by the
FSA, can aid comprehension. Consumer testing carried out by Navigator for
FSA (FSA, 2005) suggests that the multiple traffic light system helps consum-
ers choose more nutritious foods, although the system has been criticized
for its simplicity (Fletcher, 2006). Other common graphical approaches
to presenting benefits or risks include “thermometers,” rank-ordered bar
charts, or a more complex graphic embedded in a matrix of benefit and risk
information, as is done by Consumer Reports.

While some of these approaches have been tested empirically, an agency
developing consumer guidance should test prototypes on representative con-
sumers. A potential problem in presenting benefit and risk metrics together
is that the consumer may misinterpret the relationship between benefit and
risk. For example, consumers are likely to infer that side-by-side thermom-
eters or bars are directly comparable, even if they are labeled with different
numerical scales.

Formats such as those presented by the committee in Figures 7-2
through 7-4b can serve as suitable advice for consumers who want general
guidance on seafood consumption. However, other consumers may want
specific information for different seafood products. In Navigator’s testing,
consumers preferred additional text to be informational rather than advi-
sory (FSA, 2005). For these consumers, there is a large family of graphics
that could be used to present choices across a broad range of seafood prod-
ucts. The committee developed several examples of graphical presentations
of guidance to illustrate possible approaches. In presenting such graphics,
the committee emphasizes its finding that it is not possible to have a single
metric that captures complex benefit-risk relationships. Any sort of score
system is unlikely to capture the inherent uncertainties in what is known
about the underlying benefit-risk trade-offs. Graphical formats should be
carefully and empirically tested to insure that they effectively communicate
with consumers.
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Multiple design decisions are required to produce graphical guidance;
all could influence the impression the consumer takes away. These decisions
include the selection of the seafood types to show; the colors, order, and
formatting of bars to use; and whether to employ error bars to communi-
cate uncertainty about point estimates. The graphical examples presented
in Figures 7-5 through 7-8b below focus on information on EPA/DHA and
methylmercury in seafood selections. A particularly important design choice
here is the inclusion/exclusion and relative size of the scale of EPA/DHA bars
as compared to the scale of methylmercury bars. Similar decisions would
need to be made in presenting other benefit (e.g., low-fat profiles) and risk
(e.g., other contaminants) information in these types of formats. In the fig-
ures presented here, the relative lengths of the EPA/DHA and methylmercury
scales have been chosen arbitrarily, as the committee has not determined
quantitatively the relative values of benefits from EPA/DHA and risks from
methylmercury. The graphics present information that the consumer would
use in conjunction with specific guidance that is appropriate for them (e.g.,
consumption of EPA/DHA, avoidance of methylmercury).

Figures 7-5 through 7-7 are examples of formats that could be tested
with consumers. In the discussion here, the committee highlights consid-
erations in the alternative approaches. All of these graphics relate to the
benefit-risk tradeoff between EPA/DHA consumption and methylmercury
intake. The use of this example reflects the fact that information is more
complete here than for other nutrient and toxicant effects, not that these are
the only benefit-risk tradeoffs that are relevant to consumers. However, the
effect of graphics like these is likely to be to draw consumers’ attention to
this information, and to ignore other possibly relevant information.

Figure 7-5 emphasizes the EPA/DHA content of different fish in grams
per 3-ounce serving. This monochromatic graph is intended to emphasize
benefits and provide guidance on seafood choices to enhance EPA/DHA
consumption. This figure may be appropriate by itself for the guidance of
adolescent males, adult males, and females who will not become pregant.
For females who could become pregnant, are pregnant, or are lactating, and
for infants and young children, the graph might include colored bars (red
and yellow) to indicate fish (e.g., tilefish) containing levels of methylmercury
that increase the potential for adverse health effects for these groups.

Figures 7-6a and 7-6b combine the presentation of information on EPA/
DHA and methylmercury levels in a 3-ounce serving for different types of
seafood. Two versions of this graph are presented in order to emphasize the
design issues involved. These issues arise from the fact that the committee
could not use a single scale, quantitative metric (e.g., Quality Adjusted Life
Year, Disability Adjusted Life Year) for the combined benefit-risk profile of
different seafoods. Thus, the information for methylmercury and EPA/DHA
must be presented in separate metric scales that are not directly comparable.
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Salmon, Atlantic, farmed ?
Salmon, Atlantic, wild @
Oysters, Pacific b
Rainbow trout, farmed ?
Oysters, eastern, wild b
Salmon, Pacific ¢
Rainbow trout, wild #
Tilefish &

Tuna, white, canned
Swordfish 2

Shark
Pollock, Atlantic &
Flounder/sole #
Halibut, Atlantic and Pacific 2
Oysters, eastern, farmed a
Scallops, bay and sea (100 g)
Crab, king °

King mackerel #

Ocean perch, Atlantic @
Shrimp, mixed b

Clams, mixed b

Cod, Pacific &

Tuna, light, canned
Haddock &

Catfish, wild &

Catfish, farmed @

Cod, Atlantic

Lobster, northern b

00 02 04 08 1.0 12 14 16 18
EPA/DHA (g)

FIGURE 7-5 Estimated EPA/DHA amount (grams [g]) in one 3-ounce portion of
seafood.

NOTES: The scale used in this figure for EPA/DHA content is arbitrary. Designers
will need to carefully test the effect of the scale used for the bars on the message
received by consumers.

aCooked, dry heat.

bCooked, moist heat.

“The EPA and DHA content in Pacific salmon is a composite from chum, coho,
and sockeye.
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FIGURE 7-6a Example of estimated EPA/DHA (grams [g]) and methylmercury
(microgram [ug]) amounts in one 3-ounce portion of seafood.

NOTES: The scales used in this figure for EPA/DHA and methylmercury content are
arbitrary. Designers will need to carefully test the effect of the scales used for the bars
on the message received by consumers.

aCooked, dry heat.

bCooked, moist heat.

“The EPA and DHA content in Pacific salmon is a composite from chum, coho,
and sockeye.
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Salmon, Atlantic, farmed a
Salmon, Atlantic, wild
Oysters, Pacific b
Rainbow trout, farmed a
Oysters, eastern, wild b
Salmon, Pacific ¢
Rainbow trout, wild a
Tilefish &

Tuna, white, canned
Swordfish 2

Shark
Pollock, Atlantic &
Flounder/sole &
Halibut, Atlantic and Pacific &
Oysters, eastern, farmed a
Scallops, bay and sea (100 g)
Crab, king b
King mackerel a
Ocean perch, Atlantic a
Shrimp, mixed b
Clams, mixed b
Cod, Pacific
Tuna, light canned
Haddock
Catfish, wild @
Catfish, farmed a
Cod, Atlantic a

Lobster, northern b
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FIGURE 7-6b Example of estimated EPA/DHA (grams [g]) and methylmercury
(microgram [fg]) amounts in one 3-ounce portion of seafood, with emphasis on

methylmercury.

NOTES: The scales used in this figure for EPA/DHA and methylmercury content are
arbitrary. Designers will need to carefully test the effect of the scales used for the bars
on the message received by consumers.

aCooked, dry heat.
bCooked, moist heat.

“The EPA and DHA content in Pacific salmon is a composite from chum, coho,

and sockeye.
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Figures 7-6a and 7-6b illustrate that the choice of scales to use for each can
greatly affect the graph’s appearance. Testing with consumers is required to
assess the impression made by alternative formats.

The scales used in Figure 7-6a have the effect of emphasizing informa-
tion on EPA/DHA content and illustrate that there are a number of seafood
choices, with varying levels of EPA and DHA, available with low exposure
to methylmercury. The figure does not provide information about levels of
lipophilic contaminants such as dioxins and PCBs because of the limited
availability of data for various types of seafood. However, evidence present-
ed in Chapter 4 suggests that levels of these contaminants in commercially
obtained seafood do not pose a risk of adverse health effects even among
the most at-risk groups, i.e., females who could become pregnant, are preg-
nant, or are lactating, and infants and young children, when consumed in
the amount of two 3-ounce servings per week. As shown, Figure 7-6a may
be appropriate for guidance to females who could become pregnant, are
pregnant, or are lactating, and for infants and young children, as the shaded
bars indicate types of seafood that should be avoided or consumed in limited
amounts by individuals in these target populations. For adolescent males,
adult males, and females who will not become pregnant, Figure 7-6a could
be used for guidance without any specially shaded bars.

Figure 7-6b uses alternative scales to show the methylmercury and EPA/
DHA content in 3-ounce servings of different seafoods. The design tends to
emphasize the methylmercury and deemphasize the EPA/DHA information.
A side-by-side comparison of Figures 7-6a and 7-6b illustrates the impact
of design choices on how consumer guidance information is presented. The
committee again emphasizes that the scales used in Figures 7-6a and 7-6b
for EPA/DHA and methylmercury content are arbitrary. Designers will need
to carefully test the effect of the scales used for the bars on the message
received by consumers.

Figure 7-7 also provides information on both EPA/DHA and meth-
ylmercury content, although for a smaller number of seafood choices to
make the figure easier to read. The figure’s advantage is that it combines
information on one and two 3-ounce servings per week. The corresponding
disadvantage is that it may be harder for consumers to grasp. Graphs like
this can be helpful in identifying product consumption patterns that provide
benefits with little risk to most consumers as compared to those that raise
risk concerns for some consumers. Figure 7-7 may be useful guidance for
females who could become pregnant, are pregnant, or are lactating, and
for infants and young children. If the EPA/DHA-methylmercury tradeoff is
less important, for example, for adolescent males, adult males, and females
who will not become pregant, then Figure 7-5, which focuses solely on
EPA/DHA content, may provide more useful guidance. Here, the committee
again notes that the choice of scale on the horizontal and vertical axes may
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have an important effect on the message received by consumers. This effect
should be carefully tested in the design phase.

Finally, Figures 7-8a and 7-8b illustrate the use of color to highlight
information that is important to specific target populations. Figure 7-8a
is a color version of Figure 7-6a. Seafood choices containing levels of
methylmercury that exceed recommended safe intakes for females who
could become pregnant, are pregnant, or are lactating, and for infants and
young children and that should be avoided by these groups are shown in
red. White (albacore) tuna is shown in yellow to indicate that consumption
should be limited to 6 ounces per week for these at-risk population groups.
Figure 7-8b, a color version of Figure 7-7, uses the same color scheme to
emphasize choices for these groups.

The sample graphics presented here do not include a representation of
uncertainty. Uncertainty can be represented with additional symbols (e.g.,
adding error bars), text or numbers, or with variations on the original
graphic (e.g., by fading out the ends of the bars in a bar chart to indicate
uncertain values or quantities. A consumer right-to-know perspective sug-
gests that agencies are obligated to report or reveal uncertainties to inter-
ested consumers, and should strive to do so as transparently as possible.
Representing uncertainty explicitly has the potential to improve decision-
making (Roulston, 2006); failure to communicate uncertainty can increase
public distrust (Frewer, 2004). However, testing is essential, as explicit
representation of uncertainty can have unanticipated effects (Johnson and
Slovic, 1995, 1998).

Given the weaknesses in the data underlying current conclusions on
benefits and risks, strengthened collaboration between federal agencies
appears to be an important goal for development of improved seafood con-
sumption guidance. A federal advisory committee is one mechanism that
could be used to coordinate across agencies.

In addition to collaboration between agencies, collaborating with non-
traditional partners can assist federal agencies not only with dissemination
of guidance, but with design and formative evaluation by engaging relevant
target populations and providing a privileged relationship with them through
the partnering organization. There are large networks of health care pro-
viders including but not limited to federal agencies that dispense daily advice
on health and wellness and recommendations for medical care to broad
segments of the population, including groups at high risk for poor health
outcomes (SOURCE: http://www.healthfinder.gov). There are many oppor-
tunities to communicate benefit and risk information to at-risk population
groups; a dramatic increase in immunization rates for children achieved in
the mid-1990s illustrates one successful effort (CDC, 1996). A coordinated
and tailored approach to individual consumer decision-making would have
utility in working with federal agencies and other public health providers.
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FIGURE 7-8a Color version of Figure 7-6a.

NOTES: The scales used in this figure for EPA/DHA and methylmercury content are
arbitrary. Designers will need to carefully test the effect of the scales used for the bars
on the message received by consumers.

aCooked, dry heat.

bCooked, moist heat.

“The EPA and DHA content in Pacific salmon is a composite from chum, coho,
and sockeye.
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Communicating this information to these groups would often entail
little or no increased cost. The limiting factor may be education of the pro-
viders (e.g., public health nurses) themselves. National associations could
be an easy point of access for communicating information and networking
(e.g., http://www.naccho.org).

Most state public health agencies, as well as many city and county agen-
cies, have some statutory responsibility for seafood safety (advisories and
posting regulatory actions, e.g., based on bacterial testing of oyster beds).
Most of these agencies have health education programs including nutrition
staff who provide individual counseling as well as health education to the
general public. These agencies touch virtually every community and citizen
in this country—there are more than 3000 local public health departments,
not including county and state departments (SOURCE: http://www.naccho.
org).

Community and migrant primary health care centers are funded through
section 330 of the US Public Health Service Act and are charged with provid-
ing primary care and disease prevention services to low-income and other
at-risk groups. Growth of their network has been a priority of the federal
government, and the number of local sites exceeds 400, reaching millions of
people daily (SOURCE: http://www.hrsa.gov). These centers are more often
than not placed in communities at-risk. The community migrant health cen-
ters have also shown that when emphasis and training on disease prevention
issues have been made a priority, disease (e.g., breast and cervical cancers)
prevention interventions can actually exceed those provided to members of
the general population who are not regarded as at risk. Community migrant
health could be an important vehicle in helping consumers make informed
seafood choices.

Collaborative Approaches: Federal Coordination and Communicating
Health Messages Through Nontraditional Partners

There are a variety of federally funded but locally administered con-
sumer education (e.g., Cooperative Extension System, see Box 7-1) and
maternal-child health agencies (e.g., Title 5, Women, Infants, and Children
Program [WIC], Head Start) that provide guidance and care to the general
public, and to mothers and children. Although located in different agen-
cies (e.g., WIC is administered through the US Department of Agriculture,
Head Start is administered through the Administration for Children and
Families [ACF]), these programs frequently serve either similar or the same
populations. As with health partners in community health centers, they have
a similar emphasis on health education and communication, and present
significant opportunities for influencing consumer decision making.
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BOX 7-1
Cooperative Extension

The Cooperative Extension is another nationwide educational network
that delivers information to people in their homes, workplaces, and com-
munities. Each US state and territory has a state office at its land-grant
university and a network of local or regional offices. Extension links the
resources and expertise of nearly 3150 county extension offices, 107
land-grant colleges and universities, and the federal government. County
offices are staffed by one or more experts who provide useful, practical,
and research-based information through printed and media-based mate-
rials, Web-based information sites, the telephone, community programs,
and not-for-credit classes. This system is an excellent resource for dis-
seminating health information and correcting misinformation.

The Need for Pretest and Post Hoc Evaluation

One of the challenges in supporting informed consumer choice is how
governmental agencies communicate health benefits and risks to both the
general population and to target populations. Previous attempts at commu-
nicating benefits and risks may have resulted in misinterpretation or misuse,
including a reduction or total elimination of seafood consumption, by the
intended audiences (Willows, 2005). Federal agencies should develop new
and consumer-friendly tools to disseminate current and emerging informa-
tion to the public. Developing effective tools requires formative evaluation,
as well as an iterative approach to design.

Some individual communities have made substantial progress in un-
derstanding the effects of different modes of health communication and
modifying the message to achieve the desired community and/or individual
response. One such example is the Inuit community in Alaska, where com-
munication of health risks from fish consumption previously resulted in
changing patterns of food consumption from traditional foods to highly
processed and often unhealthy alternative foods. Through the use of tai-
lored messages and the involvement of the community throughout the
entire process, a more effective message is now being provided to local
communities.

Implementation: Embedding Consumer Advice

Within a Larger Consumer Information Program

Consumers face challenging choices about seafood. Both the seafood
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supply and the information about benefits and risks of consuming that sea-
food are changing rapidly. Fortunately, rapid advances in information and
communication technologies now make it possible for agencies to distribute
more up-to-date and detailed information, more widely, than ever before.
Over 80 percent of US adults under age 40 use the Internet (Fox, 2005).
This, however, does not negate the role of point-of-purchase information
and the broader information context.

Further, there are communication structures in place within various
federal agencies that are often duplicative and not effectively utilized. There
is no functional mechanism in place for planning and implementing a new
or evolving communication system that is synergistic and not duplicative.
The committee is not aware of any significant efforts in place that would
coordinate access to various programs within and between agencies and
departments. There is potential for implementation of an effective system
for communicating benefits and risks associated with consumption of
seafood, but the means for implementation are not apparent. Achieving
a coordinated and consistent approach that gives consumers information
they can use and understand is likely to require some kind of coordinating
mechanism, such as oversight by an interagency task force.

RECOMMENDATIONS

The committee offers the following general recommendations relevant
to the design of seafood consumption advice.

Recommendation 1: The decision pathway the committee recommends,
which illustrates its analysis of the current balance between benefits and
risks associated with seafood consumption, should be used as a basis for
developing consumer guidance tools for selecting seafood to obtain nutri-
tional benefits balanced against exposure risks. Real-time, interactive deci-
sion tools, easily available to the public, could increase informed actions
for a significant portion of the population, and help to inform important
intermediaries, such as physicians.

Recommendation 2: The sponsor should work together with appropri-
ate federal and state agencies concerned with public health to develop an
interagency task force to coordinate data and communications on seafood
consumption benefits, risks, and related issues such as fish stocks and sea-
food sources, and begin development of a communication program to help
consumers make informed seafood consumption decisions. Empirical evalu-
ation of consumers’ needs and the effectiveness of communications should
be an integral part of the program.

Recommendation 3: Partnerships should be formed between federal
agencies and community organizations. This effort should include targeting
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and involvement of intermediaries, such as physicians, and use of interactive
Internet communications, which have the potential to increase the usefulness
and accuracy of seafood consumption communications.
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Information

GLOSSARY

Abbreviations/Acronyms

S-HT In vivo synaptic serotonin
AA Arachidonic acid
ADHD Attention Deficit Hyperactivity Disorder
AEDS Atopic eczema/dermatitis syndrome
AHA American Heart Association
AHR Airway hyperresponsiveness
AHRQ Agency for Healthcare Research and Quality
Al Adequate Intake
ALA Alpha-linolenic acid
ALSPAC Avon Longitudinal Study of Parents and Children
AMI Acute myocardial infarction
ANOVA Analysis of variance
AOCS American Oil Chemists Society
APC Aerobic bacterial counts
APGAR Activity, Pulse, Grimace, Appearance, and Respiration
APO Apolipoprotein
APTT Activated partial thromboplastin time
ARS Agricultural Research Society
AUC Area under the curve
BDI Beck Depression Inventory
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BMD
BMDLs
BMI

CAD
CAPS
CAT
CD
CDC
CDDs
CDFs
CFR
CGOST
CHD

CI
CLAMS DQ

CNPase
CNS
COPD
CcOoT
CRP
CSFII
CSPI
CVD

DART

DALY
DBD
DBP
DDE
DDST
DDT
DGA
DGAC
DGLA
DHA
DHHS
DNA
DPA
DQ
DRI
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Benchmark dose
Benchmark dose lower bound
Body Mass Index

Coronary artery disease

Childhood Asthma Prevention Study

Clinical Adaptive Test

Cluster of differentiation (molecule)

Centers for Disease Control and Prevention

Chlorinated dibenzo-p-dioxins

Chlorinated dibenzofurans

Code of Federal Regulations

Combined Cow and Gate Premium and Osterfeed formulae

Coronary heart disease

Confidence interval

Clinical Linguistic and Auditory Milestone Scale—
Development Quotient

2’,3’-cyclic nucleotide 3’-phosphodiesterase

Central nervous system

Chronic obstructive pulmonary disease

Committee on Toxicity

C-reactive protein

Continuing Survey of Food Intake by Individuals

Center for Science in the Public Interest

Cardiovascular disease

Diet and Reinfarction Trial; Diet and Angina Randomized
Trial

Disability adjusted life years

Disruptive Behavior Disorders

Diastolic blood pressure

Dichlorodiphenyldichloroethane

Denver Developmental Screening Test

Dichlorodiphenyltrichloroethane

Dietary Guidelines for Americans

Dietary Guidelines Advisory Committee

Dihomo-gamma-linolenic acid

Docosahexaenoic acid

Department of Health and Human Services

Deoxyribonucleic acid

Docosapentaenoic acid

Developmental quotient

Dietary Reference Intake
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DSM Diagnostic and Statistical Manual of Mental Disorders

DTA Docosatetraenoic acid

ECG Electrocardiogram

EFA Essential fatty acids

EFSA European Food Safety Authority

EPA Eicosapentaenoic acid

EPDS Edinburgh Postpartum Depression Scale

EPIC European Prospective Investigation into Cancer and
Nutrition

ETA Eicosatrienoic acid

FAO Food and Agriculture Organization of the United Nations

FDA Food and Drug Administration

FDCA Federal Food, Drug, and Cosmetic Act

FFQ Food Frequency Questionnaire

FSA Food Standards Agency (UK)

FVEP Flash-visual evoked potential

GLA Gamma-linolenic acid

GRAS Generally recognized as safe

GSH-Px Glutathione peroxidase

HACCP Hazard Analysis and Critical Control Point

Hb Hemoglobin

HDL-C High-density lipoprotein cholesterol
HHS Health and Human Services

HIV Human immunodeficiency virus
HR Hazard ratio

HRA Health risk appraisal

HRT Hormone replacement therapy
HSCL Hopkins Symptom Checklist
HUFA Highly unsaturated fatty acid
HVA Homovanillic acid

IFN-y Interferon-gamma

IgG Immunoglobin G

IgM Immunoglobin M

IHC Interactive Health Communication
IHD Ischemic heart disease

IL Interleukin

IMT Intima-media thickness

IOM Institute of Medicine
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1Q
IRR
ISAAC
ISSC

JECFA

K-ABC
KPS

LA
LCPUFA
LDL-C
LNA
LOAEL

MCDI
MDI

MEC
MFFT

MI
MPCOMP
MPN

NCP
NHANES
NIH

NLV

NMEFS
NOAA
NOAEL
NONVERB
NRC
NYHA

OA
OR
OVA

PC
PCB
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Intelligence quotient

Incidence rate ratio

International Study of Asthma and Allergy in Childhood
Interstate Shellfish Sanitation Conference

Joint FAO/WHO Expert Committee on Food Additives and
Contaminants

Kaufman Assessment Battery for Children
Knobloch, Passamanik, and Sherrad’s Developmental
Screening Inventory

Linoleic acid

Long-chain polyunsaturated fatty acids
Low-density lipoprotein cholesterol
Linolenic acid

Lowest observed adverse effect level

MacArthur Communicative Development Inventory
Bayley Scales of Infant Development Mental Index
Multiethnic Cohort Study

Matching Familiar Figures Test

Myocardial infarction

Mental Processing Composite

Most probable number

Northern Contaminants Program

National Health and Nutrition Examination Survey
National Institutes of Health

Norwalk-like viruses

National Marine Fisheries Service

National Oceanic and Atmospheric Administration
No observed adverse effect level

Nonverbal abilities

National Research Council

New York Heart Association

Oleic acid
Odds ratio
Ovalbumin

Phosphatidylcholine
Polychlorinated biphenyls
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PCDD
PCDF
PCR
PDI
PE
PGF2a
PHP
PL
Ppm
PT
PUFA

QALYs

RBC
RCT
RDA
RR
RRR
RTE

SACN
SBP
SCDS
SCID-CV

SE
SEQPROC
SIMPROC

TCDD
TDE
TDI
TEF
TEQ
TF

TG
TNF-o.
TOVA

UNEP
USDA
US EPA
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Polychlorinated di-benzo-p-dioxin
Polychlorinated di-benzo-p-furan
Polymerase chain reaction
Psychomotor Developmental Index
Phosphatidylethanolamine
Prostaglandin F,

Post-harvest processing
Phospholipid

Parts per million

Prothrombin time
Polyunsaturated fatty acids

Quality Adjusted Life Years

Red blood cell

Randomized clinical trial or randomized controlled trial
Recommended Dietary Allowance

Relative risk

Relative risk reduction

Ready-to-eat

Scientific Advisory Committee on Nutrition (UK)

Systolic blood pressure

Seychelles Child Development Study

Statistical Manual of Mental Disorders, Fourth Edition,
Axis I Disorders—Clinical Version

Standard error

Sequential processing

Simultaneous processing

Tetrachlorodibenzo-p-dioxin
Tetrachlorodiphenylethane
Tolerable Daily Intake
Toxicity Equivalency Factor
Toxicity Equivalency

Total fatty acids
Triglycerides

Tumor necrosis factor alpha
Test of Variables of Attention

United Nations Environmental Programme
US Department of Agriculture
US Environmental Protection Agency
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VEP Visual evoked potential

VLDL Very low-density lipoprotein

VRM Visual recognition memory

WHO World Health Organization

WIC Special Supplemental Nutrition Program for Women, Infants,

and Children

Definitions

24-hour recall A method of collecting food consumption data; an interviewer
solicits detailed information regarding what a study participant ate and
drank in the previous 24 hours or on the previous day

Adipose tissue Fat tissue

Aflatoxin  Any of a group of toxic compounds produced by certain molds
that contaminate stored food supplies such as animal feed and peanuts

Analysis of variance (ANOVA)  To identify sources of variability; to describe
the relationship between a continuous dependent variable and one or more
nominal independent variables

Anglers Those who crab and/or fish

Anthropogenic Of human origin

Aquaculture Rearing or cultivating marine or freshwater fish or shellfish
under controlled conditions for food

Arrhythmia An irregular heartbeat

Assay The evaluation of a substance for impurities, toxicity, etc.

Atherosclerosis A condition in which plaques containing cholesterol and
lipids are deposited on the innermost layer of the walls of large and
medium-sized arteries

Atopic Of, relating to, or caused by a hereditary predisposition toward
developing certain hypersensitivity reactions, such as hay fever, asthma,
or chronic urticaria, upon exposure to specific antigens

Axonal The usually long process of a nerve fiber that generally conducts
impulses away from the body of the nerve cell

Bayesian hierarchical model A statistical method to make inferences about
an unknown parameter in a multi-level model

Benchmark dose modeling A technique for quantitative assessment of
noncancer health effects; based on the level at which the prevalence of
a defined health abnormality exceeds the background prevalence of the
abnormality by a specified amount

Benefit-risk analysis Comparison of the benefits of a situation to its related
risks

Best practices A technique or methodology that, through experience and
research, has reliably proven to lead to a desired result
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Bioaccumulative pollutants Substances that increase in concentration in
living organisms as they take in contaminated air, water, or food because
they are very slowly metabolized or excreted

Biomagnification The process by which the concentration of toxic substances
increases in each successive link in the food chain

Body burden The total amount of a chemical in the human body or in human
tissue from exposure to contaminants in the environment

Boston naming test A type of picture-naming vocabulary test used in the
examination of children with learning disabilities and the evaluation of
brain-injured adults

Calcarine fissure A narrow groove in the mesial surface of the occipital
lobe of the cerebrum

Case-control study An epidemiological and observational study in which
persons are selected because they have a specific disease or other outcome
(cases) and are compared to a control (referent comparison) group without
the disease to evaluate whether there is a difference in the frequency of
exposure to possible disease risk factors; also termed a retrospective study
or case referent study

Cerebellum A region of the brain that plays an important role in the
integration of sensory perception and motor output

Chloracne A severe skin condition with acne-like lesions that occur mainly
on the face and upper body after exposure to high doses of dioxin and
dioxin-like compounds

Cholesterol The chief sterol in all animal tissues, especially brain, nerve,
adrenal cortex, and liver; it functions as a constituent of bile and as a
precursor of vitamin Dj cholesterol circulates in the blood as lipoprotein,
in combination with protein and other blood lipids

Ciguatera A natural toxin occurring sporadically in certain fish harvested
from specific tropical to subtropical regions (i.e., South Florida, the
Caribbean, and Hawaii)

Clostridium botulinum (C. botulinum) A specific microorganism
that, under anaerobic conditions and thermal abuse, can produce an
extremely potent toxin (destroyed by sufficient heating); produces spores
that can be hazardous to babies, individuals on antibiotic therapy, or
immunocompromised individuals

Cochrane review Systematic literature reviews based on the best available
information about health care interventions. They explore the evidence
for and against the effectiveness and appropriateness of treatments
(medications, surgery, education, etc.) in specific circumstances

Complex mixture A mixture that is a combination of many chemicals, has
a commonly known generic name, and is naturally occurring; a fraction
of a naturally occurring mixture that results from a separation process;
or a modification of a naturally occurring mixture or a modification of
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a fraction of a naturally occurring mixture that results from a chemical
modification process

Confounder A factor that is associated with both the exposure and outcome
of interest and can distort the apparent magnitude or direction of the
studied effect

Congener One of two or more compounds of the same kind with respect
to classification

Correlation coefficient A measure of the extent to which two variables are
related

Cortical Relating to the outer portion of an organ

Crustaceans Aquatic arthropods characteristically having a segmented body,
a chitinous exoskeleton, and paired, jointed limbs; includes lobsters, crabs,
shrimps, and barnacles

Cytokines Hormone-like proteins which regulate the intensity and duration
of immune responses and are involved in cell-to-cell communication

Denovo Anew; often applied to particular biochemical pathways in which
metabolites are newly biosynthesized

Dioxins and dioxin-like compounds Unintentional contaminants that are
released into the environment from combustion processes and accumulate,
through the food chain, in the lipid component of animal foods

Disappearance model The total supply of imported and landed food
converted to edible weight, subtracting exports, nonfood uses, and
other decreases in supply, adding imports, and then dividing by the total
population to estimate per capita consumption

Dose-response relationship A relationship between the amount of an agent
(either administered, absorbed, or believed to be effective) and changes
in certain aspects of the biological system, apparently in response to the
agent

Dysarthria A disturbance of speech and language

Effect modifier Variation(s) in the association between an exposure and
outcome occurring across different strata of a third variable (e.g., the
association between oral contraceptive use and myocardial infarction
differs between smokers and nonsmokers)

Efficacy measurement endpoint Measure of an intervention’s influence on
a disease or health condition

Epidemiology The study of the distribution and determinants of health-
related states and events in populations and the control of health
problems

Erythrocyte A mature red blood cell

Essential fatty acids  Fatty acids that cannot be synthesized by the body and
therefore must be included in the diet (e.g., ALA)

Etiology Cause and origin of a disease
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Experimental trials A type of study in which human or animal exposure to
a substance occurs in a controlled environment for the purpose of studying
its effects; in humans, experimental trials are only ethical when there is
equipoise between the two arms of the trial

Fate and transport Models used by risk assessors to estimate the movement
and chemical alteration of contaminants as they move through the
environment (e.g., air, soil, water, groundwater)

Fibrinogen A protein in blood plasma that is essential for the coagulation
of blood

Filter-feeding animal ~An aquatic animal, such as a clam, barnacle, or sponge,
that feeds by filtering particulate organic material from water

First Nation An organized aboriginal group or community, especially any
of the bands officially recognized by the Canadian government

Flora The microorganisms that normally inhabit a bodily organ or part

Food frequency questionnaire (FFQ) A method of collecting food
consumption data; a self-administered questionnaire that asks a study
participant how often he/she consumed, on average, a list of specific foods
in the past weeks, months, or years to determine a usual long-term diet

Functional foods Foods or dietary components that may provide a health
benefit beyond basic nutrition

Genotoxin A toxin (poisonous substance) that harms the body by damaging
DNA molecules

Geometric mean A measure of central tendency by which all N terms are
multiplied together and the Nth root extracted; useful for summarizing
highly skewed data and ratios

Global (in the sense of study) Involving the whole population

Grating stimuli A geometric pattern used as a substitute for letters or
symbols in tests of visual acuity in infants

Half-life The time required for the elimination of half a total dose from
the body

Hazard ratio (HR) Broadly equivalent to relative risk (RR); applying
information collected at different times, it is useful when the risk is not
constant with respect to time; the term is typically used in the context of
survival over time; if the HR is 0.5, then the relative risk of death for one
group is half the risk of death in the other group

Health Professionals Follow-up Study A study initiated in 1986 and
conducted by researchers at the Harvard School of Public Health; enrolled
51,529 male health professionals (dentists, pharmacists, optometrists,
osteopath physicians, podiatrists, and veterinarians), aged 40-735, to
evaluate the relationship between nutritional factors and the incidence of
serious illnesses such as cancer, heart disease, and other vascular diseases
in men; follow-up questionnaires were mailed out every two years to
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update exposure information and identify cases; designed to complement
the all-female Nurses’ Health Study (see below)

Health risk appraisal (HRA) An instrument commonly used in worksite
preventive health care to identify the likelihood that an individual will
develop a preventable or chronic disease, based on personal, medical,
and lifestyle indications; comprises a questionnaire, risk estimation, and
educational information

Histamine A hormone/chemical transmitter involved in local immune
responses, regulating stomach acid production, and in allergic reactions as
a mediator of immediate hypersensitivity; has been implicated in seafood
toxicants from certain species of fish exposed to thermal abuse

Homeostasis The state of equilibrium in the body with respect to various
functions and to the chemical compositions of the fluids and tissues

Hot spots Localized areas with high pollutant concentrations

Immunoglobulin A (IgA) The class of antibodies produced predominantly
against ingested antigens, found in body secretions such as saliva, sweat,
or tears, and functioning to prevent attachment of viruses and bacteria
to epithelial surfaces

In vitro In an artificial environment outside the living organism

Intima-media thickness A unique diagnostic and monitoring service to
determine the presence of coronary atherosclerosis in its early stages; refers
to a measurement of the first two layers of the artery (intima and media)

Intrauterine growth retardation A condition resulting in a fetal weight less
than the 10th percentile of predicted weight for gestational age

Inuit A general term for a group of culturally similar indigenous peoples
inhabiting the Arctic coasts of Siberia, Alaska, the Northwest Territories,
Nunavut, Québec, Labrador, and Greenland

Lean meat equivalent Amounts of meat alternatives that count as equivalent
to 1 ounce of cooked lean meat, e.g., 1/2 cup of cooked dry beans or peas,
1/2 cup tofu, 2 tablespoons of peanut butter, 1/3 cup of nuts, or 1/4 cup
of seeds

Leukocyte White blood cell; blood cells that engulf and digest bacteria and
fungi; an important part of the body’s defense system

Linear model Fitting a straight line to the data to help describe a pattern in
the data; the term “linear” refers to the fitted straight line, and the term
“model” refers to the equation that summarizes the fitted line

Lipids Members of a large group of organic compounds insoluble in water
and soluble in fat solvents; lipids of nutritional importance include essential
fatty acids, triglycerides, and sterols

Lipophilic compounds Substances capable of dissolving, of being dissolved
in, or of absorbing lipids; lipid soluble
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Lipoprotein A compound protein consisting of protein and lipid; has
the solubility characteristics of protein and hence is involved in lipid
transport
High-density lipoprotein (HDL) A complex of lipids and proteins
in approximately equal amounts that functions as a transporter of
cholesterol in the blood; high levels are associated with a decreased risk
of atherosclerosis and coronary heart disease
Low-density lipoprotein (LDL) A lipoprotein that transports cholesterol
in the blood; composed of a moderate amount of protein and a large
amount of lipid; high levels are thought to be associated with increased
risk of atherosclerosis and coronary heart disease

Listeria monocytogenes A principal pathogenic bacterium that has been
associated with safety risk from a large variety of foods, including
seafoods

Lipoprotein (a) [Lp(a)] An LDL-like particle that is produced in the
liver; numerous studies have found that concentrations of plasma Lp(a)
above 0.3 g/L (note reference ranges may vary between laboratories) are
associated with an increased risk of coronary heart disease

Maximum likelihood A popular statistical method used to make inferences
about parameters of the underlying probability distribution of a given
dataset

Mechanistic Of or relating to the philosophy of mechanism, especially
tending to explain phenomena only by reference to physical or biological
causes

Meta-analysis Combined results of several studies that address a set of
related research hypotheses

Metaphase A stage of mitosis; condensed chromosomes, carrying genetic
information, align in the middle of the cell before being separated into
each of the two daughter cells

Methylmercury The form of mercury of greatest concern with regard to
seafood consumption; results when mercury from other forms is deposited
in bodies of water and biotransformed through the process of methylation
by microorganisms; it bioaccumulates through the food chain, and thus
its highest concentrations are in large long-lived predatory species

Minimal risk level An estimate of the daily human exposure to a hazardous
substance that is likely to be without appreciable risk of adverse noncancer
health effects over a specified duration of exposure

Mitotic  Of or relating to mitosis, the process by which a cell separates its
duplicated genome into two identical halves

Molar A unit of concentration for solutions

Molluscan  Of or relating to numerous chiefly marine invertebrates, typically
having a soft unsegmented body, a mantle, and a protective calcareous

shell; includes edible shellfish and snails
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Monte Carlo analysis Randomly generates values for uncertain variables
over and over to simulate a model

Muktuk The skin and underlying fat (blubber) layer of a whale

Multicenter A single study conducted in more than one location

Multipliers Quantifies the additional effects of an exposure/intervention
beyond those that are immediately attributable to the intervention alone

Multivariate analysis A method in which several dependent variables can be
considered simultaneously; not to be confused with multivariable analysis
that involves several variables, even if only one dependent variable is
considered at a time

Myocardial infarction Sudden insufficiency of arterial or venous blood
supply involving the middle layer of the heart usually as a result of a
closed, or closing, coronary artery

Myometrium The muscular wall of the uterus

MyPyramid Released in 2005 by the US Department of Agriculture (USDA)
to help consumers make choices from every food group, find their balance
between food intake and physical activity, and get the most nutrition
out of their calories; replaced the Food Guide Pyramid; can be found at
http://www.mypyramid.gov

Norovirus A group of related, single-stranded RNA, nonenveloped viruses
that cause acute gastroenteritis in humans; transmitted primarily through
the fecal-oral route, either by consumption of fecally contaminated food
or water, or by direct person-to-person spread

Northern dwellers Native people living in the far north

Nunavik The arctic region of Québec, Canada; an Inuit homeland

Nurses’ Health Study A study initiated in 1976 and conducted by researchers
at the Channing Lab, Harvard Medical School and the Departments of
Epidemiology and Nutrition, Harvard School of Public Health; enrolled
121,700 female registered nurses aged 30-535 living in 11 states to assess
risk factors for cardiovascular disease and cancer; follow-up questionnaires
were mailed out every two years to update exposure information and
identify cases and, as of 1980, included a diet assessment

Observational studies Study types that follow a population (either
prospectively or retrospectively) to examine how exposure to risk factors
influences one’s probability of developing a disease in the absence of
intervention; includes cross-sectional studies, cohort studies, and case-
control studies

Occipital cortex The part of the brain used to process visual information

Odds ratio (OR) In a case-control study (see above), the exposure odds
among cases compared to the exposure odds among controls, where the
exposure odds are the number of individuals with the exposure relative to
the number of individuals without the exposure (e.g., if 3 out of 10 people
are exposed, then the exposure odds are 3:7)
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Omega-3 fatty acids (n-3 fatty acids) Polyunsaturated fatty acids found in
oil from fatty fish as well as plant sources; characterized by the presence
of a double bond 3 carbons from the methyl end in the carbon chain;
includes alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA)

Omega-6 fatty acids (n-6 fatty acids) Polyunsaturated fatty acids found in
animal and vegetable sources of fat; characterized by the presence of a
double bond 6 carbons from the methyl end in the carbon chain; includes
linoleic acid (LA) and arachidonic acid (AA)

One component pharmacokinetic model  Assumes that the drug in question
is evenly distributed throughout the body into a single compartment and
that the rate of elimination is proportional to the amount of drug in the
body; only appropriate for drugs which rapidly and readily distribute
between the plasma and other body tissues

P-value As in hypothesis testing; the probability of getting a value of the
test statistics as extreme as, or more extreme than, the value observed, if
the null hypothesis (i.e., no association, no effect of treatment) were true;
the alternative hypothesis determines the direction of “extreme”; usually
p<0.05 means that the null hypothesis is rejected and the association
between the exposure and outcome is statistically significant

Parenteral The introduction of substances into an organism by intravenous,
subcutaneous, intramuscular, or intramedullary injection

Paresthesia A skin sensation, such as burning, prickling, itching, or tingling,
with no apparent physical cause

Pathogenic bacteria Bacteria that cause disease or abnormality

Pelagic fish  Fish living in open oceans or seas rather than waters adjacent
to land or inland waters

Persistent organic pollutants (POPs) Organic chemicals that remain
intact in the environment for long periods, become widely distributed
geographically, bioaccumulate up the food chain by accumulating in fatty
tissues of animals, and pose a risk of causing adverse effects to human
health and to the environment

Plasma lipids Lipids in the fluid portion of anticoagulated blood

Platelet A type of blood cell that helps prevent bleeding by causing blood
clots

Population attributable risk The proportion of disease in a population
that would be prevented if the risk factor were removed from the entire
population

Post hoc Formulated after the fact; for example, a post hoc analysis is
designed and applied to data already collected for another study

Precentral gyrus The convolution of the frontal lobe of the brain that is
bounded in back by the central sulcus and that contains the motor area
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Preeclampsia A toxic condition developing in late pregnancy characterized
by a sudden rise in blood pressure

Prophylactic Preventing disease

Prospective cohort study An epidemiological and observational study in
which a defined group of persons known to be exposed to a potential
disease risk factor is followed over time and compared to a group of
persons who were not known to be exposed to the potential risk factor, to
evaluate the differences in rates of the outcome; also termed a prospective
observational study, follow-up study, incidence study

Prostaglandins Lipid-based membrane-associated chemical messengers
synthesized by most tissue cells; act locally as a hormone-like substance;
may be synthesized from both omega-3 and omega-6 fatty acids

Provisional tolerable weekly intake ~ Exposure limit presented in micrograms
of contaminant per week and per 1 kg body mass

Public Health Service Act Defines the federal agencies and their personnel
who are are part of the federal Public Health Service

Reference Dose (RfD) An estimate (with uncertainty spanning perhaps an
order of magnitude) of daily exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime

Regression coefficient The slope of the straight line that most closely relates
two correlated variables; the number of units that a dependent variable
changes for each one unit increase in an independent variable

Relative risk (RR) Rate of the outcome of interest in a population compared
with the rate in the reference population

Risk assessment An organized process used to describe and estimate the
likelihood of adverse health outcomes from environmental exposures
to chemicals; the four steps are hazard identification, dose-response
assessment, exposure assessment, and risk characterization

Salmonella spp. A genus of bacteria including several pathogenic species
that have been associated with risk from contaminated foods, including
seafoods

Saturated fat Fatty acids with no double bonds; fats that are solid enough
to hold their shape at room temperature (about 70°F)

Science-based knowledge Conclusions (findings and recommendations)
based on clear and consistent evidence from both observational and
experimental study designs

Scombroid poisoning Intoxication by foods that contain high levels of
histamine caused by bacterial contamination

Serum lipids Lipids in the fluid portion of coagulated blood

Shellfish Common terminology used to identify crustacean and/or molluscan
seafoods
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Standard deviation A statistic that shows how tightly all the various data
points are clustered around the mean in a set of data

Tertile A contiguous grouping (low, middle, high) of one-third of a sample
or population

Thermal abuse Improper refrigeration or heat exposure during preparation,
storage, or transfer

Toxicant Any substance or material that can injure living organisms through
physicochemical interactions

Toxicity equivalency factor A numerical index that is used to compare the
toxicity of different congeners and substances

Toxicokinetic The processes of absorption, distribution, metabolism, and
excretion that occur between the time a toxic chemical enters the body
and when it leaves

Toxin A poisonous substance (of animal, mineral, vegetable, or microbial
origin) that can cause damage to living tissues

Trophic Of or relating to nutrition

Triglycerides (TG) A naturally occurring ester of three fatty acids and
glycerol that is the chief constituent of fats and oils

Uncertainty factor (UF) One of several (generally 10-fold factors) used in
operationally deriving the Reference Dose (RfD) from experimental data.
UFs are intended to account for (1) the variation in sensitivity among
members of the human population; (2) the uncertainty in extrapolating
animal data to the case of humans; (3) the uncertainty in extrapolating
from data obtained in a study that is of less-than-lifetime exposure; and
(4) the uncertainty in using Lowest Observed Adverse Effect Level data
rather than No Observed Adverse Effect Level data

Value trade-off The willingness to pay a higher price for something with a
higher value rating attached

Vibrio vulnificus A bacterium usually associated with raw molluscan
shellfish

Voluntary Seafood Inspection Program A program for inspection and
certification of seafood processing plants, designed to ensure quality more
than product safety; conducted by the National Marine Fisheries Service

SUPPLEMENTARY INFORMATION ON NUTRIENTS OF
SPECIAL INTEREST IN SEAFOOD

Omega-3 Fatty Acids

Omega-3 fatty acids occur widely throughout the plant and animal
kingdoms. Algae, fungi, bacteria, insects, and some vertebrates possess the
array of enzymes needed for de novo synthesis of these fatty acids (Gill and
Valivety, 1997a). Genetically complex plants, though they may be good
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sources of alpha-linolenic acid (ALA), rarely produce polyunsaturated fatty
acids longer than 18 carbons and thus are not sources of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). Though more genetically
complex animals can synthesize EPA and DHA from ALA (Qiu, 2003),
the rate of synthesis in most species is low. Fish are good sources of EPA
and DHA primarily because their natural diets contain these fatty acids,
not because they are able to synthesize them de novo. Organisms low on
the food chain consume the algal and microbial sources of EPA and DHA,
which become concentrated in the lipid stores of those species higher up in
the food chain.

Derivation of the Omega-3 Fatty Acids

Omega-3 fatty acids are long-chain polyunsaturated fatty acids that are
characterized by the presence of a double bond at the omega position (3 car-
bon atoms from the methyl end) in the carbon chain. This position is what
identifies them as omega-3 fatty acids. EPA and DHA are not endogenously
synthesized from saturated, monounsaturated, or omega-6 fatty acids; they
can only be made from the precursor omega-3 fatty acid, ALA. Figure A-1
shows the synthesis pathways for omega-3 fatty acids.

The omega-3 fatty acids include:

¢ Alpha-linolenic acid, 18:3 n-3, a plant-derived source of fatty acid.
ALA can be converted to the omega-3 fatty acids EPA and DHA through a
series of desaturation and chain elongation events, but the conversion in hu-
mans is inefficient and varies with the content of other fatty acids in the diet
(see discussion below for more information about conversion efficiency);

¢ Eicosapentaenoic acid, 20:5 n-3, a fatty acid synthesized from ALA
and found primarily in fatty fish. EPA is a precursor molecule in the human
synthesis of one family of eicosanoids, including prostaglandins, throm-
boxane, leukotrienes, hydroxy fatty acids, and lipoxins. These compounds
serve as modulators of cardiovascular, pulmonary, immune, reproductive,
and secretory functions at the cellular level;

¢ Docosahexaenoic acid, 22:6 n-3, a fatty acid synthesized from ALA
and found primarily in fatty fish. It is a component of all membrane struc-
tural lipids in neural and retinal tissues and spermatozoa. The developing
brain accumulates large amounts of DHA late in fetal life. This accumula-
tion continues through at least the first 2 postnatal years.

Selenium

Selenium is an element classified within Group VIA in the periodic
table following oxygen and sulfur but preceding tellurium and polonium.
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18:2n-6 (LA) 18:3n-3 (ALA)
A 6 desaturase l v
18:3n-6 18:4n-3
elongase l
9 v
20:3n- 6 20:4n-3
A5 desaturase l
eicosanoids v
20:4n-6 ( AA) 20:5n- 3 (EPA)
elongase l
e/cosanOIds eicosanoids
22:4n-6 22:5n-3
elongase i l
24:4n-6 24:5n-3
A 6 desaturase l l
22:5n-6 22:6n-3 (DHA)

FIGURE A-1 Biosynthesis of long-chain fatty acids.

NOTES: LA = Linoleic acid; AA = Arachidonic acid; ALA = Alpha-linolenic acid;
EPA = Eicosapentaenoic acid; DPA = Docosapentaenoic acid; DHA = Docosahexaenoic
acid.

SOURCE: Derived from IOM, 2002/2005.

This position in the periodic table leads to the classification of selenium as
a metalloid element with unique chemistry and biochemistry, i.e., exhibiting
both metallic and nonmetallic properties. Selenium can form bonds with
other selenium atoms, a characteristic referred to as catenation and shared
with other elements like carbon, silicon, and sulfur. Elemental selenium is
found in three forms: the gray-black form or metallic hexagonal selenium,
an amorphous white form, and a monoclinic red form. Selenium has six
electrons in the 4s and 4p, orbital and the empty dapn bonds of selenium,
like sulfur, can be filled by pr electrons of oxygen. Selenium and sulfur have
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similar radii A, 1.03 and 1.07 (covalent radii), and similar electronegativities
of 2.44 and 2.48, respectively. Thus, the chemical reactivity of selenium and
sulfur are similar. However, the reduction potential of selenous and selenic
acids are much greater than those of the analogous sulfur acids so that when
both are in the same mixture, selenite will be reduced to elemental selenium
but sulfite will be oxidized to sulfate.

Selenium Essentiality

Selenium occurs in all the cells and tissues of mammalian species and
reflects the level of dietary selenium over a wide range of intakes. Selenium
was recognized as an essential nutrient when Schwarz and Foltz (1957)
showed that a form of liver necrosis developed in rats if either vitamin E
or selenium was excluded from their diet. It is now recognized that both
selenium and vitamin E have important roles in the detoxification of hydro-
peroxides and free radical byproducts (Sunde, 2001).

Selenium deficiency has been demonstrated in premature infants and
patients utilizing long-term selenium-free enteral or parenteral solutions.
Deficiency symptoms include red blood cell hemolysis, cardiomyopathy,
growth retardation, cataract formation, abnormal placenta retention, lack
of spermatogenesis, and skeletal muscle degeneration. There is a decline of
selenoproteins, particularly glutathione peroxidase activity. Selenium defi-
ciency has been found to be endemic in regions of China, where it is called
Keshan disease. Children are particularly susceptible, and the disease is
characterized by cardiomyopathy. Selenite-enriched salt has been shown to
assist in the reversal of this deficiency, but it is likely that selenium is only
one factor. Coxsackie virus has been isolated from persons with Keshan dis-
ease, and recent animal research has provided evidence that viral infections
may be influenced by selenium status. The Institute of Medicine has recom-
mended an intake of no less than 55 and no more than 400 pg of selenium
per day as sufficient to meet the needs of the average adult (IOM, 2000).

Selenium is an essential element in a group of proteins, i.e., selenopro-
teins. Sulfur amino acids and selenium are involved in the synthesis of these
selenoproteins via selenophosphate to form selenocysteine, catalyzed by
the enzyme selenophosphate synthetase. Approximately 25 selenoproteins
have been identified, with half characterized with respect to their func-
tion (Kryukov et al., 2003). Of those characterized for function, over half
perform free radical detoxification. The list of established selenoproteins
and their respective biological functions are listed in Table A-1 (Sunde,
2000). The selenium is incorporated into the peptide backbone of selenium-
containing proteins as selenocysteine. Novel metabolic pathways are neces-
sary to convert various dietary forms of selenium into the selenocysteine
entity. Dietary selenate and selenite are reductively converted to selenide,
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TABLE A-1 Selenoproteins and Biological Functions

Selenoproteins

Function

Cytosolic glutathione
peroxidase, GPX1

Phospholipid hydroperoxide

Major form of selenium, protects against hydroperoxides

Lipophilic, works within membranes to destroy peroxides

glutathione peroxidase,
GPX4

Gastrointestinal glutathione
peroxidase, GPX2

Protect intestine against external peroxides

Extracellular glutathione
peroxidase, plasma GPX,
GPX3

Secreted GPX, major form of selenium in milk

Selenoprotein W, SELW Small 9.8 kDa selenoprotein found in muscle, postulated to

have antioxidant function
Selenoprotein P, SELP Major plasma selenoprotein, postulated to protect the
cardiovascular system against oxidant damage

Thioredoxin reductase,
TRRs

Reduce small intracellular molecules, regulate intracellular
redox state, and may have important roles in antioxidant
defense

Iodothyronine deiodinase Activation and metabolism of thyroid hormone

Sperm capsule selenoprotein

SOURCE: Derived from Sunde, 2001.

usually in the intestinal or erythrocyte cells. Selenium released from seleno-
methionine breakdown will also enter this pool as selenide. Subsequently,
synthesis of selenocysteine involves several unique intermediates but it is the
selenide that serves as the precursor to selenocysteine.

Selenium Food Sources

Plant and animal levels of selenium vary widely, reflecting the wide
range of selenium content of soils (Sunde, 2001). Corn, rice, and soybeans
grown in a selenium-poor region of China contain 0.0005, 0.007, and 0.010
ug/g, respectively, while those grown in seleniferous areas of China can have
a selenium content as high as 8.1, 4.0, and 11.9 ug/g, respectively. Organ
meats and seafood are usually good sources for this element (USDA, 2005),
with levels ranging from 0.4 to 1.5 pg/g, whereas levels in muscle meats
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range from 0.1 to 0.4 ug/g, and in dairy products, less than 0.1 to 0.3 pg/g.
Drinking water usually has a negligible selenium content, unless it comes
from well waters in seleniferous areas (Sunde, 2001).

Selenium Toxicity

Berzelius first reported the existence of selenium as a metal in 1817. In
nature, selenium is often found in combination with lead, copper, mercury,
and silver as selenides, similar to sulfur counterparts. Localized seleniferous
areas can be found in various parts of the Great Plains in North America.
Seleniferous areas also have been identified in Ireland, Israel, Australia,
Russia, and South Africa. In grazing livestock of North America, the dis-
ease associated with excess selenium intake is known as alkali disease or
blind staggers. Selenium accumulator plants ingested by livestock are often
the source of selenosis or selenium poisoning. Selenium poisoning can be a
mild chronic condition, or severely acute, resulting in death. Acute selenium
poisoning resulting in death is often preceded by blindness, abdominal
pain, salivation, grinding of the teeth, and paralysis. Death is usually due
to respiratory failure, which is often complicated by starvation resulting
from loss of appetite, marked restriction of food intake, anemia, and severe
pathological changes in the liver (Hogberg and Alexander, 1986). Dullness
and lack of vitality, emaciation and roughness of coat, loss of hair, erosion
of the joints, atrophy of the heart and cirrhosis of the liver, and anemia
characterize chronic selenium poisoning. Chronic selenium poisoning can
occur in rats and dogs given diets containing 5-10 ppm selenium. It is likely
that the minimum toxic level is 4-5 ppm selenium. Acute toxicity in humans
occurs when selenium intake is in excess of 750 pg/day. Usually toxicity
occurs when individuals are exposed to high dietary intake and industrial
conditions (smelters) that increase the body burden of selenium.

The precise ways in which selenium at toxic intakes exerts toxicity are
not completely understood. Inhibition of oxygen consumption by tissues
appears to be mediated through a poisoning of succinic dehydrogenase.

When selenium intake is high, it can be methylated through S-adenosyl-
methione by either microsomal or cytosolic methyltransferases, forming the
products methyl, dimethyl, trimethyl derivatives. Dimethyl selenide is the
volatile seleno derivative giving the garlic-like odor (Sunde, 2001).
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Studies on Women, Infants, and Children

TABLE B-1a Studies on Preeclampsia: Effects on Women Who Increase
Seafood and/or Omega-3 Fatty Acid Intake

Timing of
Author Study Type  Subjects Exposure Exposure
Sibai, Review 3 randomized controlled trials Fish-oil
1998 supplement
Sindelar Randomized Men (n=8) n-3 PUFA- 2 weeks
et al., Controlled ~ Women (n=4) enriched baseline
2004 Trial Mean age of 33 years eggs period,
Lincoln, NE 4 weeks
Non-Hispanic White treatment
Recruited at YMCA marathon and period
triathlon training group meetings (crossover
and word of mouth design),
Exercising regularly as members of a 4 weeks
running training group sponsored washout
by the local YMCA period
No being treated with eating between
disorders or depression, or those treatments
unable to eat eggs, or those us-
ing medications known to affect
serum lipids
Haugen Randomized Pregnant women (n=37) Cod- 16-20
and Controlled  Mean age about 27-31 years liver oil weeks
Helland,  Trial Oslo, Norway supplement  gestation
2001 Normotensive without proteinuria, through
had uncomplicated term pregnan- pregnancy

cies, randomly taken from another
study investigating the influence
of omega-3 fatty acids on fetal,
neonatal, and child development

Another group had moderate
preeclampsia
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Amount Results Conclusion*
“The beneficial effects of fish oil on the N
incidence of preeclampsia are supported by
observational studies and 1 large, uncon-
trolled early trial.”
Three randomized trials “reveal no reduc-
tion in the incidence of preeclampsia in the
fish oil group.”
n-3 PUFA-enriched eggs: LA, DHA, and total n-3 dietary intake of N/A
flaxseed added to hens’ diet those randomized to n-3 PUFA-enriched egg
350 mg n-3 PUFA/60 g egg treatment were significantly higher than at
0.25 g LA, 0.10 gDHA/60 g  baseline and compared to the conventional
egg egg treatment (p<0.05).
1 egg/day for 6 days and no
eggs on day 7 There were no significant differences in
serum total cholesterol, LDL-C and HDL-C
Conventional eggs: in physically active adults from baseline to
60 mg of n-3 PUFA/60 g egg  end of treatment or between groups.
0.04 g LA, 0.02 g DHA/60 g
egg Serum triglycerides were significantly higher
1 egg/day for 6 days and no with n-3 PUFA-enriched egg treatment than
eggs on day 7 those from baseline and compared to the
conventional egg treatment (p<0.05).
Cod-liver oil group: “The pressure increase was significant in N
10 mL/day both groups, but no significant differences in
the constrictory response or in the propor-
Corn oil group: tions of preparations displaying dilatatory
10 mL/day responses were observed when compared to
appropriate control groups.”
“Neither preeclampsia nor dietary supple-
mentation with cod-liver oil had any sig-
nificant effect on the vasoactive response to
PGF20. in umbilical cord arteries.”
continued
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TABLE B-1a Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Salvig Randomized Pregnant women (n=533) Fish-oil 30th week
etal., Controlled  Aged 18-44 years supplement  gestation
1996 Trial Aarhus, Denmark through
No history of placental abruption in pregnancy
an earlier pregnancy or a serious
bleeding episode in the present
pregnancy, no prostaglandin
inhibitors regularly, no allergy to
fish and regular intake of fish oil
Onwude Randomized Pregnant women (n=233) EPA/DHA Until 38th
et al., Controlled  Aged 18-39 years for fish oil group ~ supplement  week
1995 Trial Aged 16-40 for placebo group gestation;
Leeds, UK enroll-
Multigravida with a history of one ment time
or more small babies, a history unspecified
of proteinuric or nonproteinuric
pregnancy-induced hyperten-
sion, or a history of unexplained
stillbirth
Primigravida with abnormal uterine
arcuate artery Doppler blood flow
at 24 weeks gestation
Bulstra- Randomized Pregnant women (n=63) EPA 12-14
Ramakers, Controlled  Groningen, Netherlands supplement  weeks ges-
1995 Trial Birth weight below the 10th percen- tation until
tile in association with pregnancy- delivery

induced hypertension or chronic
renal disease, or with placenta
abnormalities
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Amount

Results

Conclusion*

Fish oil group:

2.7 g/day

(4 capsules/day, each capsule
contains 32% EPA, 23%
DHA, 2 mg tocopherol/ml)

Olive oil group:

1 g; 72% oleic acid and 12%
LA/capsule

4 capsules/day

Control = no capsule

2.7 g/day
(1.62 g/day of EPA)
(1.08 g/day of DHA)

4 capsules 3 times/day
(each capsule contains
0.25 mg EPA ) vs. placebo

Copyright © National Academy of Sciences. All rights reserved.

“Mean blood pressure increased during the
course of the 3rd trimester,” but this change
was not statistically different among the
three groups.

“No differences were seen between the
groups in proportions of women with a
systolic blood pressure above 140 mmHg or
a systolic blood pressure above 90 mmHg,
although the proportion of women with dia-
stolic above 90 mmHg tended to be lower in
the fish oil group compared to the olive oil
group (RR=0.48, p=0.07).”

There were no significant differences
between the two groups for proteinuric
pregnancy-induced hypertension, nonpro-
teinuric pregnancy-induced hypertension,
birth weight, gestation length, perinatal
death, duration of labor, onset of labor
(spontaneous, induced, or prelabor section),
or mode of delivery.

“Addition of 3 g/day of EPA to the diet did
not result in either a lowering of the inci-
dence of pregnancy induced hypertension or
intrauterine growth retardation.”

“Birth weight centiles were slightly lower
and the recurrence rate of pregnancy-
induced hypertension was slightly higher in
the EPA group,” compared to the control
group, although these differences were not
significant.

N
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TABLE B-1a Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Schiff Controlled  Pregnant women (n=16) Fish-oil 32-34
etal., Trial Aged 25-34 years supplement  weeks
1993 Nulliparous through
Nonsmokers, no history of hyper- the next
tension, coagulation disorders, 21 days
thrombocytopenia, or chronic
vascular, renal, or other disease
Olsen and Randomized Pregnant women (n=5022) EPA/DHA Enrolled at
Secher, Controlled  Aged 15-44 years supplement <24 weeks
1990 Trial London gestation;
People’s League of Health, 1946 treatment
Attending antenatal clinics of 10 lasts for
hospitals <15 weeks
No disease or physical abnormality (n=288),
16-19
weeks
(n=411),
20-23
weeks
(n=414),
or 24+
weeks
(n=417)
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Amount

Results

Conclusion*

6 capsules/day

(each capsule contains
1000 mg of concentrated
fish oil, 26% of which is
n-3 fatty acids)

0.1 g/day of EPA+DHA from

halibut oil in supplement vs.

no supplement

Supplement includes 0.26 g
ferrous iron; 0.26 g cal-
cium; minute quantities
of iodine, manganese and
copper; 0.60 g thiamin/g;
0.10 g vitamin C; 0.36 g
halibut liver oil

Copyright © National Academy of Sciences. All rights reserved.

“Mean excretion of 11-dehydro-thrombox-
ane B, before and after 21 days of fish oil
consumption was reduced among the fish
oil-treated women from 1606+411 pg/mg of
creatinine to 7794299 pg/mg after treatment
(p<0.0001, paired t test). In all 11 patients
the decreased excretion of this metabolite
was considerable, ranging from 32% to
71%.”

No significant change was detected among
the control women.

In primiparae, the OR for preeclampsia was
significant when comparing the treatment
to the control group (OR=0.689, 95% CI
0.50-0.95).

In primiparae, the OR for albuminuria was
statistically significant when comparing the
treatment to the control group (OR=0.717,
95% CI 0.54-0.96).

In primiparae, the OR for hypertension was
not significant when comparing the treat-
ment to the control group (OR=0.862, 95%
CI0.73-1.02).

In multiparae, these statistics were
OR=0.677 (95% CI 0.43-1.07), OR=0.675
(95% CI 0.44-1.04), and OR=1.121 (95%
CI 0.89-1.42).

There were no significant effects on the oc-
currences of stillbirths, early neonatal deaths
(before 8 days), perinatal deaths, sepsis, or
the duration of labor.

B
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TABLE B-1a Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Clausen Cohort Pregnant women (n=3133) Fatty acids ~ 17-19
etal., Mean age 29.8 years from food weeks
2001 51.8% nulliparous gestation
Representing all socioeconomic until after
classes delivery
Aker University Hospital, Oslo,
Norway

No pregestational diabetes or twin/
triplet pregnancies

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

and Risks

APPENDIX B 305
Amount Results Conclusion*
Tertiles of saturated fatty After adjusting for energy, age, smoking, N

acids (%energy)
Mean = <12.0, 12.0-15.0,
>15.0

Tertiles of monounsaturated
fatty acids (%energy)
Mean =<10.5, 10.5-13.0,
>13.0

Tertiles of polyunsaturated
fatty acids (%energy)
Mean = <5.2, 5.2-7.5, 57.5

Tertiles of omega-3 fatty acids
(Y%energy)
Mean =<0.9, 0.9-1.6, >1.6

Tertiles of omega-6 fatty acids
(%energy)
Mean = <3.8, 3.8-5.8, >5.8

BMYI, systolic blood pressure for 20 weeks’
gestation, nullipara and energy:

Statistically significant ORs for preeclamp-
sia, comparing the highest group to the
lowest group of fatty acid intakes, were
observed for polyunsaturated fatty acids
(p=0.01) and omega-6 fatty acids (p=0.05);
and

Statistically nonsignificant ORs for pre-
eclampsia, comparing the highest group to
the lowest group of fatty acid intakes, were
observed for saturated fat (p=0.10), mono-
unsaturated fat (p=0.59), and omega-3 fatty
acids (p=0.06).

continued
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TABLE B-1a Continued

SEAFOOD CHOICES

Timing of
Author Study Type  Subjects Exposure Exposure
Velzing- Case-control Cases (n=27) = preeclamptic women  Fatty acid During
Aarts Controls (n=24) = normotensive, composition delivery or
et al., nonproteinuric women in maternal  within 2
1999 Pregnant women and umbili-  hours after
Mean age about 27 years cal platelets  birth
Curacao and umbili-
cal arteries
and veins
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Amount Results Conclusion*
Mean fatty acid composition ~ “Newborns of preeclamptic women had sig- B

in maternal platelets (in nificantly lower birth weights and gestation-

mol%): al ages at delivery,” compared to newborns
Controls = 9.66+2.75 LA; of non-preeclamptic women.

0.27£0.10 ALA; 0.29£0.14

EPA; 2.03+0.62 DHA Preeclamptic women had significantly lower
Cases = 7.02+£1.91 LA; maternal platelet levels of LA (p<0.001) and

0.2240.11 ALA; 0.21+0.07  EPA (p<0.05) compared to normotensive

EPA; 2.16£0.93 DHA women.

Mean fatty acid composition ~ Preeclamptic women had significantly lower

in umbilical cord platelets umbilical arteries levels of EPA (p<0.01) and

(in mol%): DHA (p<0.001) compared to normotensive
Controls = 3.73+£0.76 LA; women.

0.14+0.10 ALA; 0.16+0.07

EPA; 2.33+£0.58 DHA No other significant differences were found
Cases = 4.16+1.51 LA; for LA, ALA, EPA, or DHA.

0.21+0.11 ALA; 0.17£0.07
EPA; 1.97+£0.30 DHA

Mean fatty acid composi-
tion in umbilical veins (in
mol%):

Controls = 2.69+0.44 LA,
0.10£0.05 ALA; 0.09+0.04
EPA; 4.26+0.85 DHA

Cases = 2.89+0.56 LA,
0.11+0.05 ALA; 0.07£0.02
EPA; 3.35+£0.96 DHA

Mean fatty acid composition
in umbilical arteries (in
mol%):

Controls = 1.8740.39 LA;
0.10£0.04 ALA; 0.09£0.03
EPA; 4.831£0.76 DHA

Cases = 1.74£0.75 LA;
0.10£0.06 ALA; 0.06£0.03
EPA; 3.73£1.03 DHA

continued
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TABLE B-1a Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Kesmodel  Nested Cases = women with preeclamp- Seafood Between
et al., case-control sia (n=43), pregnancy-induced and fish-oil 6 months
1997 hypertension (n=179), intrauterine supplement and 3 1/2
growth retardation (n=182), deliv- years after
ering preterm (n=153), delivering delivery
postterm (n=189)
Control = sample from whole cohort
(n=256)
Pregnant women
Aarhus, Denmark
Williams ~ Case-control Cases (n=22) = preeclamptic Maternal Day after
et al., Controls (n=40) = normotensive erythrocytes  delivery
1995 Pregnant women fatty acid
Mean age 28.6-31.2 years profiles

White (n=17 in preeclamptic group,
n=23 in non-preeclamptic group)

Seattle, Washington

About 21% Medicaid recipient

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*
Low intake = After adjusting for maternal smoking habits, N

Maximum of 1 fish snack/
week and 1 fish meal/month
and no fish oil

High intake =
Minimum of 4 fish snacks/
week or 4 fish meals/month
or intake of fish oil during
pregnancy

Middle intake =
Everyone else

Tertiles of EPA:
Median = 0.20, 0.26, 0.36

Tertiles of DPA:
Median = 1.54, 1.75, 2.02

Tertiles of DHA:
Median = 4.38, 5.14, 6.40

Tertiles of total long-chain n-3
fatty acids:
Median = 6.23, 7.09, 8.50

maternal height, maternal weight before
pregnancy, parity, maternal social status, and
average daily calcium intake:

There were no significant ORs of pregnancy-
induced hypertension, preeclampsia, intra-
uterine growth retardation, preterm delivery
or postterm delivery for the middle-intake
group or the high-intake group compared to
the low-intake group.

After adjusting for parity and pre-pregnancy
BMI, the OR of preeclampsia for the lowest
tertile of EPA, compared to the highest ter-
tile of EPA was 5.54 (95% CI 1.06-28.79).

After adjusting for parity and pre-pregnancy
BMI, the OR of preeclampsia for the lowest
tertile of DPA, compared to the highest ter-
tile of DPA was 3.33 (95% CI 0.65-16.99).

After adjusting for parity and pre-pregnancy
BMLI, the OR of preeclampsia for the lowest
tertile of DHA, compared to the highest ter-
tile of DHA was 7.54 (95% CI 1.23-46.22).

After adjusting for parity and pre-pregnancy
BMI, the OR of preeclampsia for the lowest
tertile of the sum of long-chain omega-3
fatty acids, compared to the highest tertile
of long-chain omega-3 fatty acids was 7.63
(95% CI 1.43-40.63).

Copyright © National Academy of Sciences. All rights reserved.

continued


http://www.nap.edu/catalog/11762.html

and Risks

310 SEAFOOD CHOICES

TABLE B-1a Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Wang Case-control  Cases (n=9) = preeclamptic women  Plasma During
etal., ControlsA (n=11) = normal preg- fatty acid pregnancy
1991 nant women analysis
ControlsB (n=10) = nonpregnant
women

Aged 20-40 years

Term (pregnant women)

Not on oral contraceptives (non-
pregnant women)

*N = Evidence of no association or no clear association; B = Evidence of a benefit; N/A =
A conclusion is not available; these data are presented for background information only.

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*
Nonpregnant women Plasma total polyunsaturated fatty acid lev- B

(mg/L+SE): els, LA, ALA, and EPA were all significantly
79.5143.47 total PUFA, higher in the normal pregnant women than

60.79£2.28 LA, 10.99+1.01 in the preeclamptic women (p<0.05, p<0.01,

AA, 1.88+0.17 ALA, p<0.05, p<0.03, respectively).

0.26+0.04 EPA, 5.58+0.60

DHA EPA and DHA were significantly lower

in the nonpregnant women compared to

Normal pregnant women the pregnant women (p<0.05 and p<0.01,

(mg/L£SE): respectively).

90.6046.68 total PUFA,
62.93+4.69 LA, 12.81£0.87 No other significant differences between the

AA, 3.68+0.99 ALA, plasma polyunsaturated fatty acid levels in
1.0840.33 EPA, 10.40£0.94  the three groups were found.
DHA
“No statistical differences were noted in
Preeclamptic women the five polyunsaturated fatty acid levels
(mg/LASE): between fasting and non-fasting states in
67.42+3.88 total PUFA, both non-pregnant and normal pregnant

45.98+2.80 LA, 11.44£1.00 subjects.”
AA, 1.11£0.25£ALA,

0.11+0.11 EPA, 8.94+0.69

DHA

Copyright © National Academy of Sciences. All rights reserved.
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TABLE B-1b Studies on Postpartum Depression: Effects on Women Who
Increase Seafood and/or Omega-3 Fatty Acid Intake

Author

Study Type

Subjects Exposure

Timing of
Exposure

Marangell
et al.,
2004

Llorente
et al.,
2003

Hibbeln
and
Salem,
1995

Open trial

Randomized
Controlled
Trial

Review

Pregnant women (n=7) Fish-oil
Aged 31-42 years supplement
Married, Caucasian (except for one
married, Hispanic)
Baylor College of Medicine
History of a depressive episode in
the postpartum period, not suf-
fering from a current depressive
episode
No psychotropic medications within
2 weeks of baseline, history
of nonreponse to two or more
antidepressants, serious comorbid
medical or psychiatric illness, or
significant risk of dangerousness
to self or others

Pregnant women (n=89) Algae-
Aged 18-42 years derived
No chronic medical condition, no triglyceride
dietary supplements other than supplement
vitamins, no smoking, who had
not been pregnant >5 times
Planned to breastfeed infants exclu-
sively for at least 4 months
Part of a larger cohort study on
effects of DHA on breastfeeding
mothers and their infants

Summary of three cohorts DHA
depletion

Copyright © National Academy of Sciences. All rights reserved.

34-36
weeks ges-
tation until
12 weeks
postpartum

Within a
week of
delivery to
4 months
after
delivery
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Amount

Results

Conclusion*

Fish oil group:

2960 mg fish oil/day

173 mg EPA and 123 mg
DHA per day

10 capsules/day

Algae-derived triglyceride
capsule (about 200 mg
DHA/day) vs. placebo

Copyright © National Academy of Sciences. All rights reserved.

Trial was terminated because of a high re-
lapse rate observed after enrolling only seven
participants.

“Repeated measures analysis of variance,
with the use of data only from the women
who completed the questionnaires at both
baseline and 4 months, showed no difference
between the two groups at any time” with
regards to postpartum depression.

“There were no significant differences
between groups in the EPDS and SCID-
CV scores, particularly in current or past
episodes of depression, as detected by the
SCID-CV.”

“There were no significant correlations
between plasma phospholipid DHA content
and BDI, EPDS, or SCID-CV scores.”

“The relative maternal depletion of DHA
may be one of the complex factors leading
to increased risk of depression in women
of childbearing age and in postpartum
periods.”

N

continued
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TABLE B-1b Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Timonen  Cohort Live female births (n=2968) Seafood Previous
et al., Live male births (n=2721) 6 months
2004 Unselected, genetically (during
homogeneous pregnancy)
Northern Finland 1966 Birth until 31
Cohort years of
age

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*
Rare eaters: <1 time/month After adjusting for body mass index, serum B

total cholesterol level, and socioeconomic
Regular eaters: >1 time/week  situation, women who ate fish rarely had
a higher OR for depression, compared to
Serving size unspecified women who ate fish regularly. This statistic
was observed by various measurements:
Doctor-diagnosis:
OR=1.3 (95% CI 0.9-1.9);
HSCL-25 <2.01:
OR=1.4 (95% CI 1.1-1.9);
HSCL-25 <2.01 and doctor-diagnosis:
OR=2.6 (95% CI 1.4-5.1).

After adjusting for alcohol intake, smok-
ing, physical inactivity, and marital status,
women who ate fish rarely had a higher OR
for depression, compared to women who ate
fish regularly. This statistic was observed by
various measurements:
Doctor-diagnosis:
OR=1.2 (95% CI 0.9-1.6);
HSCL-25 <2.01:
OR=1.4 (95% CI 1.1-1.8);
HSCL-25 <2.01 and doctor-diagnosis:
OR=2.4 (95% CI 1.4-4.2).

Among men, none of these ORs were
significant.

continued
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TABLE B-1b Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Otto Cohort Participated in 2 earlier studies Venous 36 weeks
et al., (plasma) gestation,
2003 Pregnant women (n=112) blood at deliv-
Mean age around 30 years fatty acid ery, and
Caucasian composition 32 weeks
Southern Limburg, Netherlands postpartum
Fish intake <2 times/week
No metabolic, cardiovascular,
neurologic, renal, or psychiatric
disorders
No medications, except for multi-
vitamins and iron supplements
Singleton pregnancy
Term delivery
No blood transfusions in the perina-
tal period
Gestational age <14 weeks at entry,
Caucasian, fish consumption <2
times a week (for Study 2 only)
Otto Cohort Pregnant women (n=57) Diet and ve- 36-37
et al., Mean age around 30 years nous blood  weeks ges-
2001 Southern Limburg, Netherlands fatty acid tation; 2-5
No metabolic, cardiovascular, neu-  profiles days after
rologic, or renal disorders delivery;
No medications, except multivita- 1,2, 4,
mins and iron supplements 8,16, 32,
Singleton pregnancy 64 weeks
Term delivery postpartum

No blood transfusions in the
perinatal period

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Absolute amount not specified

Absolute amount not specified

No significant relationship was observed
between DHA, n-6DPA, or their ratio and
the EPDS scores at delivery or at 32 weeks
postpartum.

No statistically significant relationships be-
tween depression and fatty acid status were
observed with DHA or n-6DPA, neither for
the levels at delivery, nor for their postpar-

tum changes.

“The improvement of the DHA status
during the postpartum period, as reflected
by the increase of the DHA/n-6DPA ratio
during this period, was higher in the non-
depressed than in the depressed women
(OR=0.90, p=0.04).”

Similar results remained after adjusting for
Study 1 or 2, parity, education level, mater-
nal age at test moment, breastfeeding, smok-
ing, and alcohol use (OR=0.88, p=0.03).

“After delivery, total fatty acids in plasma
phospholipids decreased significantly over
time in the lactating and nonlactating
women (p<0.0001).”

“The amounts of ALA, DHA, and total n-3
fatty acids showed significant downward
trends postpartum in both groups, whereas
the amounts of EPA and DPA increased
significantly after delivery.”

Copyright © National Academy of Sciences. All rights reserved.

N

N/A

continued
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TABLE B-1b Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Al Cohort Pregnant women (n=110) Maternal 10, 14, 18,
et al., Aged 19-43 years venous and 22, 26, 30,
1995 Maastricht, Netherlands umbilical 32, 34, 36,
Caucasian vein fatty 38, 40
Singleton pregnancy acid profiles weeks
DBP <90 mmHg gestation;
No metabolic, cardiovascular, after deliv-
neurological or renal disorder ery; 6
months af-

ter delivery

Holman,  Cohort Pregnant women (n=19) Blood 36 weeks
1991 Aged 24-36 years fatty acid gestation,
Caucasian composition during
Normotensive, normal singleton labor, 6
pregnancies weeks
Mayo Clinic, Minnesota postpartum

Controls (n=59) = staff and students
from the University of Minnesota,
aged 19-48 years

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Absolute amount not specified

Normal controls of non-
pregnant women of child-
bearing age

All in mol%+SEM:
24.1£0.39 LA,
12.54£0.24 AA,
0.22+0.01 ALA,
0.53+0.03 EPA,
1.04+0.04 DPA,
3.71£0.14 DHA

Copyright © National Academy of Sciences. All rights reserved.

“The average total amount of fatty acid (TF)
in maternal venous plasma PL increased
significantly (p<0.0001) during pregnancy,
but the rise in TF became less pronounced
towards the end of gestation (p<0.0001).”

“Total fatty acids increased from 1238.11
mg/L at week 10 to 1867.84 mg/L at week
40 of gestation, and all of the fatty acid
families showed a similar course.”

“The mean amount of total fatty acids in
umbilical plasma phospholipids was sub-
stantially lower (p<0.0001) than all maternal
values” for all fatty acid families.

“In contrast to the absolute amounts of AA

and DHA, the mean relative amounts of AA
and DHA in umbilical plasma phospholipids
were significantly (p<0.0001) higher than all
maternal values.”

All individual PUFA were less than normal
in pregnant women at 36 weeks of pregnan-
cy than in the nonpregnant women, where
EPA was 42% of normal values.

“The fatty acid profile of plasma phospho-
lipids during labor was similar to that at
36 weeks except for the subnormal LA and
ALA values became significant at p<0.01
and p<0.05, respectively, and the elevated
22:5n-6 became significant at 0.001.”

The fatty acid profile of plasma phospholip-
ids for lactating women 6 weeks postpartum
was similar to those during pregnancy and
labor except that AA status improved, di-
minished ALA, and increased EPA and DPA
toward normal.

The fatty acid profile of plasma phospholip-
ids for nonlactating women 6 weeks post-
partum was similar to that of the lactating
women, expect that abnormalities were less
severe or of lower significance.

N/A

N/A

continued
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TABLE B-1b Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Hibbeln,  Cross- Pregnancy women (n=14,532) Seafood During
2002 sectional 23 countries pregnancy,
41 different studies unspecified

*N = Evidence of no association or no clear association; B = Evidence of a benefit; N/A =
A conclusion is not available; these data are presented for background information only.
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Amount Results Conclusion*
Absolute amount not specified ~ “Greater apparent seafood consumption B

predicted DHA content of mothers’ milk
(p<0.006)” and “higher DHA content in
mothers’” milk predicted a lower prevalence
rate of postpartum depression (p<0.0001).”

“Higher national seafood consumption pre-
dicted lower prevalence rates of postpartum
depression (p<0.0001).”

Copyright © National Academy of Sciences. All rights reserved.
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TABLE B-1c Studies on Gestation and Birth Weight: Effects on Infants of
Mothers Who Increase Seafood and/or Omega-3 Fatty Acid Intake

Author

Study Type

Subjects

Timing of
Exposure Exposure

de Groot
et al.,
2004

Smuts
et al.,
2003a

Smuts
et al.,
2003b

Randomized
Controlled
Trial

Randomized
Controlled
Trial

Randomized
Controlled
Trial

Pregnant women (n=79)

Mean age of 29-30 years

Maternal education about 4 (on
an 8-point scale)

Maastricht, Heerlen, Sittard,
southeastern Netherlands

White origin, gestational
age <14 weeks, normal
health, fish consumption
<2 times/week

No hypertensive, metabolic,
cardiovascular, renal, psychi-
atric, or neurologic disorder

Pregnant women (n=73)

Mainly African-American

Aged 16-35 years

Reachable by telephone

Planned to deliver at the
Regional Medical Center in
Memphis, TN

No more than four pregnancies

Pregnant women (n=291)

Aged 16-36 years

Mainly African-descent

Plan to deliver at Truman
Medical Center in
Kansas City, MO

Able and willing to consume
eggs, access to refrigeration

Singleton gestation

No weight >240 pounds at
baseline, cancer, lupus,
hepatitis, infectious disease,
diabetes, gestational diabetes,
elevated blood pressure at
baseline

ALA- 14 weeks
supplemented gestation until
margarine delivery

DHA-
enriched egg

24-28 weeks
gestation until
delivery

24-28 weeks
gestation until
delivery

DHA-
enriched egg

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*
Experimental group (% total ~ Newborns in the experimental group hada B

fatty acids): significantly higher mean birth weight than  (birth

ALA-enriched high-LA
margarine

25 g margarine

45.36 LA, 14.18 ALA

Control group (% total fatty
acids):

No ALA high-LA margarine

25 g margarine/day

55.02 LA, 0.17 ALA

High-DHA egg group:

mean = 183.9£71.4 mg
DHA/day

ranged from 27.6 to
264.9 mg/day

Ordinary egg group:
mean = 35.1£13.2 mg
DHA/day

ranged from 0 to 36 mg/day

Low egg intake group:

mean = 10.844.0 mg
DHA/day

ranged from 0 to 36 mg/day

High-DHA egg group:

mean = 133115 mg DHA/egg

ranged from 108 to 165 mg/
cgg

Ordinary egg group:
mean = 33+11 mg DHA/egg
ranged from 22 to 51 mg/egg

Copyright © National Academy of Sciences. All rights reserved.

those in the control group (p=0.043).

No significant differences in gestational age,
APGAR score, or umbilical plasma DHA
concentrations in phospholipids were found
between the two groups.

“Mean weight, length, and head circumfer-
ence of infants in the high-DHA egg group
were greater than in the ordinary egg group,
and gestation was 5.6 days longer.”

After controlling for maternal BMI at enroll-
ment and number of prior pregnancies, the
mean difference in gestational age between
the two groups was 6.0£2.3 days (p=0.009).

After controlling for maternal BMI at enroll-
ment and maternal race, the mean difference
in birth weight between the two groups was
not significant.

weight only)

B
(gestation
only)

continued
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Haugen Randomized Pregnant women (n=37) Cod-liver oil ~ 16-20 weeks
and Controlled ~ Mean age about 27-31 years supplement gestation
Helland,  Trial Oslo, Norway through
2001 Normotensive without protein- pregnancy
uria, had uncomplicated term
pregnancies, randomly taken
from another study investi-
gating the influence of omega-
3 fatty acids on fetal, neona-
tal, and child development
Another group had moderate
preeclampsia
Helland Randomized Pregnant women (n=590) Cod-liver oil ~ 17-19 weeks
et al., Controlled  Aged 19-35 years supplement gestation until
2001 Trial Oslo, Norway 3 months
Single pregnancies, Nulli- or after delivery
primipara

Intention to breastfeed

No supplement of n-3 LCPUFA
earlier during the pregnancy

No premature births, birth
asphyxia, infections, and
anomalies in the infants that
required special attention

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results Conclusion*

Cod-liver oil group:
10 mL/day

Corn-oil group:
10 mL/day

10 mL/day cod-liver oil vs.
corn oil

Cod-liver oil group:
803 mg of EPA/10 mL;
1183 mg DHA/10 mL

Corn-oil group:
0 mg of EPA/10 mL; 8.3 mg
DHA/10 mL

There were no significant differences in ges- A

tational age between the four groups (cod- (birth
liver oil group, corn oil group, preeclamptic ~ weight only)

group, and the normotensive group).

Birth weight was significantly higher in the
corn oil group compared to the cod-liver
oil group (p<0.05) and significantly higher
in the normotensive group compared to the
preeclamptic group (p<0.0001).

“There were no significant differences in ges- N
tational length or birth weight between the

two supplement groups. Birth length, head
circumference, and placental weight were

also similar in the 2 supplement groups.”

Copyright © National Academy of Sciences. All rights reserved.
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Olsen Randomized Pregnant women (n=1619) Fish-oil 20 weeks
etal., Controlled 19 hospitals in Denmark, supplement (prophylactic)
2000 Trial Scotland, Sweden, England, or 33 weeks
Italy, Netherlands, Norway, (therapeutic)
Belgium, and Russia gestation,
Participated in one of six previ- delivery
ous trials (four prophylactic
trials and two therapeutic
trials)
Olsen Randomized Pregnant women (n=533) Fish-oil Enrolled at 30
et al., Controlled  Mean age 29 years supplement weeks gesta-
1992 Trial Aarhus, Denmark tion; end time
Main midwife clinic, covers a not specified

well-defined geographic area

No placental abruption in
previous pregnancy or serious
bleeding in current pregnan-
cy; no prostaglandin inhibi-
tors regularly

No multiple pregnancy, allergy
to fish, and regular intake of
fish oil

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

2.7 g/day fish oil vs. olive oil
in the prophylactic trials

6.1 g/day fish oil vs. olive oil
in the therapeutic trials

2.7 glday fish oil vs. olive oil

Copyright © National Academy of Sciences. All rights reserved.

In the trial of women who experienced
preterm delivery in an earlier pregnancy,
those randomized to fish oil had statistically
significant longer gestation duration (differ-
ence = 8.5 days) compared to those random-
ized to olive oil (p=0.01).

In the trial of women who experienced
preterm delivery in an earlier pregnancy,
those randomized to fish oil had children
with a significantly higher mean birth weight
(difference = 208.7 g) compared to those
randomized to olive oil (p=0.02).

In the trial of women with threatening
preeclampsia in the current pregnancy, the
mean difference of duration until delivery
was 8.8 days less for those randomized to
fish oil compared to those randomized to
olive oil (p=0.19).

In the trial of women with suspected intra-
uterine growth retardation in the current
pregnancy, the mean difference of weight
for gestational age was 29 g higher in those
randomized to fish oil compared to those
randomized to olive oil (p=0.75).

The average gestational length for those in
the fish-oil group was 4 days longer (95%
CI 1.5-6.4, p<0.005) than those in the olive
oil group.

The average gestational length for those in
the fish-oil group was 2.8 days longer (95%
CI 0.8-4.8, p<0.01)) than those in the olive-
oil and control groups.

Birth weight (p=0.07) and length (p=0.1)
trended higher in the fish-oil group than in
the olive-oil group (3 way ANOVA between
fish oil, olive oil, no oil).

B
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Olsen and Randomized Pregnant women (n=5022) EPA/DHA Enrolled at
Secher, Controlled  Aged 15-44 years supplement <24 weeks
1990 Trial London from halibut  gestation;
People’s League of Health, 1946 oil treatment
Attending antenatal clinics of lasts for
10 hospitals <15 weeks
No disease or physical (n=288),
abnormality 16-19 weeks
(n=411),
20-23 weeks
(n=414), or
24+ weeks
(n=417)
People’s Randomized Pregnant women (n=5022) n-3
League of Controlled  London supplement
Health, Trial Not beyond the 24th week of
1946 pregnancy
No physical disease or
abnormality
People’s Randomized Pregnant women (n=5022) Additional Enrolled if
League of Controlled  London diet, which due date
Health, Trial includes hali- more than 16
1942 but liver oil ~ weeks away;

until delivery

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*

0.1 g/day of EPA+DHA from  “In primiparae, a 19.9% (p=0.012) reduc- B
halibut oil in supplement vs. tion in the odds of delivering earlier than (gestation
no supplement 40 weeks was seen in the treatment group, only)

Supplement includes 0.26 g
ferrous iron; 0.26 g cal-
cium; minute quantities of
iodine, manganese, and cop-
per; 0.6 g thiamin/g; 0.1 g
vitamin C; 0.36 g halibut
liver oil

Weekly intake score for
consumption of “the more
important foodstuffs” such
as milk, butter, wholemeal
bread, fresh vegetables,
fatty fish, fruit, eggs, etc.

Additional diet:

0.26 g ferrous iron; 0.26 g
calcium; minute quantities
of iodine, manganese, and
copper; 1 g adsorbate of
vitamin B1; 100 mg vitamin
C; 0.36 g halibut liver oil
(vitamins A and D)

Copyright © National Academy of Sciences. All rights reserved.

whereas in multiparae a reduction of 21.2%
(p=0.028) was seen,” compared to the
control group.

“No significant effects were seen on the odds
of delivering after 40 weeks of gestation.”

“No significant effects were seen on average
birth weight.”

“A smaller incidence of prematurely was
revealed among the treated women, and this
is particularly significant since about 50%
of infant deaths under 1 month are due to
prematurely.”

Among primigravida women, 20.1+1.10%
of those who received additional diet
experienced a preterm delivery compared to
23.941.10% of those who did not receive
additional diet. This difference was statisti-
cally significant.

Among multiparae women, 20.1£1.33% of
those who received additional diet expe-
rienced a preterm delivery compared to
24.241.33% of those who did not receive
additional diet. This difference was statisti-
cally significant.
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Lucas Cohort Postpartum women (n=491) Cord venous At delivery
etal., and their infants sample
2004 Mean age of 23.7 years
Inuit

14 coastal villages of Nunavik
and southern Quebec

Delivered at Tulattavik Health
Center (Ungava Bay) or
Inuulitsivik Health Center
(Hudson Bay)

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Tertiles of EPA (% of total
fatty acids):

Tertile 1 = <0.21

Tertile 2 = 0.21-0.39

Tertile 3 = >0.39

Tertiles of DHA (% of total
fatty acids):

Tertile 1 = <2.99

Tertile 2 = 2.99-4.03

Tertile 3 = >4.03

Tertiles of %n-3 HUFA
(% of total HUFA):
Tertile 1 = <18.60
Tertile 2 = 18.60-22.96
Tertile 3 = >22.96

Copyright © National Academy of Sciences. All rights reserved.

After adjusting for weight gain during
pregnancy, gestational diabetes, cord blood
mercury, lead, and PCB congener 153, those
in the third tertile of n-3 HUFA (% of total
HUFA) had significantly longer gestation
(278.4 days) compared to those in the first
tertile (273.0 days) (p<0.05).

After adjusting for pre-pregnancy weight,
weight gain during pregnancy, parity, smok-
ing status during pregnancy, gestational
diabetes, age, cord blood mercury, and PCB
congener 153, those in the third tertile of
n-3 HUFA (% of total HUFA) had babies
with a higher birth weight (3551 g) com-
pared to those in the first tertile (3475 g),
but this difference was not significant.

There were no significant differences in birth
weight or gestation based on the tertiles of

EPA and DHA in the cord blood.

B
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Oken Cohort Pregnant women (n=2109) Seafood Last menstru-
etal., Aged 14-44 years al period until
2004 16% Black, enrollment,
7% Hispanic-American, 3 months
6% Asian-American prior to 26-
Massachusetts 28 weeks of

Project Viva

Olsen and Cohort Pregnant women (n=8729) Seafood
Secher, Aarhus, Denmark
2002 Gave birth to singleton, live-
born babies without detected
malformations

Had not consumed fish-oil
supplements

gestation, the
month prior
to delivery

From when
first knew of
pregnancy un-
til completion
of question-
naires at 16
and 30 weeks
gestation

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11762.html

APPENDIX B

and Risks

333

Amount

Results

Conclusion*

Seafood tertiles:

None or <1 serving/month,
the remaining subjects were
divided into tertiles with the
highest intake group used as
the referent

First trimester quartiles of
EPA+DHA:

Quartile 1 = 0.00-0.05

Quartile 2 = 0.06-0.12

Quartile 3 = 0.12-0.24

Quartile 4 = 0.24-2.53

Second trimester quartiles of
EPA+DHA:

Quartile 1 = 0.00-0.05

Quartile 2 = 0.06-0.12

Quartile 3 = 0.12-0.23

Quartile 4 = 0.24-2.71

Third trimester quartiles of
EPA+DHA:

Quartile 1 and 2 = 0.00-0.06

Quartile 3 = 0.60-0.11

Quartile 4 = 0.11-1.72

0.0, 0.5, 2.0, 4.0, 20.0, 28.0
serving/28 days

Hot fish meal:
144 g fish/serving
1627 ug n-3 fatty acids/serv-

ing

Fish sandwich:
29 g fish/serving
431 pg n-3 fatty acids/serving

Fish salad:
50 g fish/serving
149 ug n-3 fatty acids/serving

Copyright © National Academy of Sciences. All rights reserved.

After adjusting for enrollment site, infant
sex, and maternal age, height, intrapartum
weight gain, pre-pregnancy BMI, race/eth-
nicity, smoking during pregnancy, education,
and gravidity:

Significant negative trends based on
EPA+DHA intake were found for the first
trimester [birth weight (p=0.01) and fetal
growth (p=0.001)], the second trimester |fe-
tal growth (p=0.03)], and the third trimester
[birth weight (p=0.001) and fetal growth
(p=0.003)];

No other significant trends were observed
for change in birth weight, fetal growth or
length of gestation with EPA+DHA intake
during the three trimesters;

Significant negative trends were observed for
change in birth weight and fetal growth with
seafood consumption, but only during the
first trimester (p=0.05 and p=0.08, respec-
tively); and

No other significant trends were observed
for change in birth weight, fetal growth, or
length of gestation with seafood intake dur-
ing the first two trimesters.

“Low birth weight, preterm birth, and
intrauterine growth retardation all tended to
decrease with increasing fish consumption,
and mean birth weight, duration of gesta-
tion, and birth weight adjusted for gesta-
tional age tended to increase with increasing
fish consumption.”

Low consumption of seafood was a strong
risk factor for preterm delivery and low
birth weight. The associations were strongest
below a daily intake of 0.15 g long change
n-3 fatty acids or 15 g fish.

B
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Grandjean Cohort Singleton term births (n=182) Maternal and Maternal
et al., Faroe Islands cord serum blood taken
2001 Delivered at the National and seafood  at week 34,
Hospital in Torshavn intake cord blood
Birth at >36 weeks of gestation; taken at
no congenital neurological delivery,
disease questionnaire
administered
2 weeks after
parturition
Olsen Cohort Mothers of live-born singleton ~ Peripheral 5-48 hours
et al., infants (n=99) venous blood  after delivery

1991 Mean age about 27 years sample
Faroese (n=62) and Danish
women (n=37)
Delivered at the Landss-
jukrahusid and Aarhus
Kommenehospital
No preeclampsia, rhesus immu-
nization, insulin-dependent
diabetes mellitus, or twin
pregnancies

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Information on fish species
or portion sizes was not
collected

Fish dinners/week:
0,1,2,>3

Whale meat dinners/month:
0,1,>2

Whale blubber dinners/month:

0,1-2, 52

Faroese women:

Mean of 0.83+£0.039% EPA
Mean of 2.08+0.059% DPA
Mean of 5.874£0.12% DHA
Mean of 12.07£0.15% AA

Danish women:

Mean of 0.61+0.051% EPA

Mean of 2.08+0.076% DPA
Mean of 4.65+£0.159% DHA
Mean of 12.07£0.19% AA

Copyright © National Academy of Sciences. All rights reserved.

Gestational length showed a significant posi-
tive association with cord serum DHA con-
centration (p<0.001) and DTA (p=0.004).

After adjusting for nonsmoking, average-
height and nulliparous mother with term
birth of male baby, birth weight showed a
significant positive association with cord
serum ETA (p=0.001), EPA (p=0.015), and
DPA (p=0.002).

After adjusting for gender, parity, gestational
length, smoking, and maternal height, birth
weight decreases by 246 g for every one unit
increase in cord serum EPA concentration
(%) (p=0.037).

There were no significant differences in ges-
tational age (p=0.3) and birth weight (p=0.1)
between the two groups.

After controlling for maternal pre-pregnant
weight, height, age, parity, marital status,
smoking, and employment during pregnancy
a significant association was found between
the (3/6) ratio from blood and gestational
age in the Danish women (p=0.02) but not
in the Faroese women (p=0.6).

B
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TABLE B-1c¢ Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Harper Case-control Cases = born to Orkney Island ~ Resident of
et al., residents, delivered in Orkney Orkney (a
1991 Islands (n=899) or Aberdeen  proxy for
(n=116) eating more
Controls = born to Aberdeen seafood)
City district residents
(n=2997)
Singleton live births
Scotland

*B = Evidence of a benefit; A = Evidence of an adverse effect; N = Evidence of no association
or no clear association.

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

The Orcandians eat 30%
more fish than the Aberdo-
nians, but absolute amount
undetermined

Mean birth weight of the infants born to res-
idents of Orkney Islands was 3521 g and for
residents of Aberdeen was 3287 g (p=0.01).

Gestational age was 0.36 weeks longer in
the Orkney women than in the Aberdeen
women (p=0.01).

18.3% of infants born to Orkney women
and 10.0% of infants born to Aberdeen
women were over the 90th percentile for
birth weight (corrected for gestational age
and parity) (p=0.01).

4.8% of infants born to Orkney women and
12.2% of infants born to Aberdeen women
were below the 10th percentile for birth
weight (corrected for gestational age and
parity) (p=0.01).

Being a resident of Orkney explains a
significant proportion of the difference in
birth weights between Orkney and Aberdeen
women (R2 = 0.489).

B
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TABLE B-1d Studies on Development (Anthropometry, Visual Acuity,
and Cognition): Effects on Infants of Mothers Who Increase Seafood
and/or Omega-3 Fatty Acid Intake

Timing of
Author Study Type  Subjects Exposure Exposure
Cohen Review Aggregated 8 random- DHA
et al., 2005 ized controlled trials supplement
(one study of maternal
dietary supplementation
and seven studies of for-
mula supplementation)
Jensen Randomized Pregnant women (n=114 DHA Day 5 after
et al., 2005  Controlled in DHA group; n=113 supplement delivery
Trial in control group) until 4 months
Aged 18-40 years postpartum

Houston, TX

White (75% DHA group;
79% control group)

African American (19%
DHA group; 13%
control group)

Gestational age >37 weeks

Infant birth weight 2500-
4200 g

No chronic maternal dis-
orders as well as major
congenital anomalies
and obvious gastroin-
testinal or metabolic
disorders of the infant

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*

An increase in maternal intake of DHA during pregnan- B
cy of 1 g/day will increase child IQ by 0.8-1.8 points.

“Prenatal maternal DHA intake increasing the child
plasma (RBC) DHA phospholipid fraction by 1% has
the same impact on cognitive development as formula
DHA supplementation that increases the child’s plasma
(RBC) DHA phospholipid fraction by 1%.”

“Because typical DHA intake associated with fish
consumption is well under 1 g/day, changes in fish con-
sumption will result in IQ effects amounting to a frac-
tion of a point,” but they are not clinically detectable.

DHA capsule: There were no significant differences in visual acuity N
Algal triacylglyc- (from either the Teller Acuity Card or Sweep VEP) at 4
erol or 8 months of age between the two groups.

200 mg DHA/day
There were no significant differences in mean transient
Control capsule: VEP latency at 4 and 8 months of age between the two
Soy and corn oil groups; but the transient VEP amplitude was signifi-
cantly lower in the infants of the DHA group compared
to the infants of the control group.

There were no significant differences in Gesell Gross
Motor Inventory, CAT, CLAMS DQ, or Bayley MDI
between the two groups at 12 or 30 months of age; but
Bayley PDI at 30 months of age was 8.4 points higher
(p=0.005) in infants of the DHA group compared to
infants of the control group.

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure

Dunstan Randomized Pregnant women (n=83) Fish-oil 20 weeks
etal., 2004  Controlled  Atopic pregnancies supplement gestation until
Trial Western Australia delivery
History of doctor diag-
nosed allergic rhinitis
and/or asthma
One or more positive
skin prick test to house
mites; grass pollens;
molds; cat, dog, or
cockroach extracts
Nonsmokers
No other medical prob-
lems, complicated preg-
nancies, seafood allergy,
or >2 fish meals/week
Term, healthy infants
considered at high risk
of allergic disease

Jensen Randomized Breast-feeding mothers DHA Delivery
etal., 2004  Controlled (n=89 in treatment supplement until 4 months
Trial group; n=85 in placebo postpartum

group)

Copyright © National Academy of Sciences. All rights reserved.
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Fish-oil group: Breast milk concentrations of DHA, DPA, and EPA N/A
3.7 g/day fish oil were significantly higher (p<0.001) and AA was signifi-
56% DHA and cantly lower (p=0.045) in fish-oil supplemented mothers
27.7% EPA compared with controls.
4 capsules/day
“There were no significant differences in the detection
Olive-oil group: or level of free cytokines or IgA between the 2 groups.”
66.6% n-9 oleic
acid and <1%
n-3 PUFA
4 capsules/day
200 mg/day There were no significant differences between the two B
of DHA vs. groups in visual function or neurodevelopment until 30
placebo months of age.
At age 30 months, the Bayley PDI of infants whose
mothers were randomized to DHA was 0.55 standard
deviations higher (p<0.01) than that of infants whose
mothers were randomized to the placebo.
There were no significant differences between the two
groups in visual function; transient VEP; sweep VEP;
stereoacuity; and gross and fine motor, executive,
perceptual/visual or verbal domains at age 3.
At age 5, infants whose mothers were randomized to
DHA had significantly higher Sustained Attention Sub-
test of the Leiter International Performance Scale than
those whose mothers were randomized to the placebo
(p<0.008).
continued
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Timing of
Author Study Type  Subjects Exposure Exposure
Helland Randomized Pregnant women (n=48 Cod-liver oil From 18
etal., 2003  Controlled in cod-liver oil group; supplement weeks of preg-
Trial n=36 in corn oil group) nancy until 3

Aged 19-35 years

Oslo, Norway

Healthy women with,
singleton pregnancy,
nulli- or primiparous,
intention to breastfeed

No supplement of n-3
LCPUFA earlier during
pregnancy, premature
births, birth asphyxia,
general infections, or
anomalies in the infants
that required special
attention

months after
delivery

Copyright © National Academy of Sciences. All rights reserved.
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Cod-liver oil: K-ABC scores were significantly higher for the sub- B
10 mL/day set MPCOMP among children from the cod-liver oil
1183 mg DHA, group compared to the corn oil group (p=0.049). The

803 mg EPA scores for the other subtests (SEQPROC, SIMPROC,

NONVERB) were also higher in the cod-liver oil group

Corn oil: compared to the corn oil group, but they were not
10 mL/day significant.
4747 mg LA,

92 mg ALA

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Auestad Randomized Infants (n=294 formula Fish oil/fun- 9-11 days after
et al., 2001  Controlled fed; n=165 breastfed) gal oil and birth until 12
Trial Kansas City, MO; Little egg-derived months of age
Rock, AR; Pittsburgh, triglyceride
PA; Tucson, AZ supplemented

Good health, term status,  formulas
either <9 days of age
(formula group) or
<11 days of age and
currently breastfeeding
(breastfeeding group),
birth weight 22500 g,
S-minute APGAR score
>7, ability to tolerate
milk-based formula or
breast milk, guardian
or parent agreement to
feed the assigned study
formula ad libitum
according to the study
design

No evidence of significant
cardiac, respiratory,
ophthalmologic, gastro-
intestinal, hematologic,
or metabolic disease;
milk-protein allergy;
or a maternal medical
history known to have
proven adverse effects
on the fetus, tubercu-
losis, HIV, perinatal
infections, or substance
abuse

61-74% European
American

60-80% mothers married

Mean mother’s age about
29 years

Mean mother’s education
about 14 years

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Fish oil and fungal
oil supple-
mented preterm
formula:

0.46 g AA/100 g
total fatty acids

<0.04 g EPA/100 g
total fatty acids

0.13 ¢ DHA/100 g
total fatty acids

Egg-derived triglyc-
eride supple-
mented preterm
formula:

0.45 g AA/100 g
total fatty acids

No detected EPA

0.14 g DHA/100 g
total fatty acids

Control formula:
No detected AA,
EPA, DHA

Copyright © National Academy of Sciences. All rights reserved.

The vocabulary expression score at 14 months was
significantly higher in the fish/fungal group than in the
egg-TG group (p<0.05).

Smiling and laughter was significantly higher in the
control group than in the egg-TG group (p=0.05).

No other development, cognition, vocabulary, or tem-
perament outcomes presented were significantly differ-
ence between the formula groups.

No significant differences were found between groups
for weight, length, and head circumference or visual
acuity.

N
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Helland Randomized Pregnant women (n=590)  Cod-liver oil 17-19 weeks
etal,, 2001  Controlled  Aged 19-35 years supplement gestation until
Trial Oslo, Norway 3 months after
Single pregnancies, nulli- delivery

or primipara

Intention to breastfeed

No supplement of n-3
LCPUFA earlier during
the pregnancy

No premature births,
birth asphyxia, infec-
tions, and anomalies in
the infants that required
special attention

McCann Review Summary of LCPUFA
and Ames, observational, RCTs, supplement
2005 other experimental and

animal studies

Copyright © National Academy of Sciences. All rights reserved.
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10 mL/day cod- “There were no significant differences in gestational N

liver oil vs. corn  length or birth weight between the 2 supplement

oil groups. Birth length, head circumference, and placental

weight were also similar in the 2 supplement groups.”
Cod-liver oil:
803 mg of EPA/
10 mL; 1183 mg
DHA/10 mL

Corn oil:

0 mg of EPA/
10 mL; 8.3 mg
DHA/10 mL

“Evidence from chronic dietary restriction rodent B
studies . . . shows that the addition of DHA to diets of
animals whose brain concentration of DHA have been
severely reduced restored control performance levels.”

“Formula comparison and maternal supplementation
studies in humans and ALA dietary restriction studies
in nonhuman primates both link the availability of
n-3 LCPUFAs to the development of visual attention”
and higher DHA status to enhanced neuromotor
development.

RCTs in humans have often shown no effect of
“LCPUFA supplementation on cognitive or behavioral
performance and some reviewers have considered that,
overall, the evidence was insufficient to conclude that
LCPUFA supplementation benefited development.”

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Koletzko Review Studies published in full LCPUFA Prenatal and
etal., 2001 or in abstract form supplement postnatal

periods
Makrides Review Summary of the evidence =~ LCPUFA During
and Gibson, supplement pregnancy and
2000 lactation

Copyright © National Academy of Sciences. All rights reserved.
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Amount Results Conclusion*

“Breastfeeding, which supplies preformed LCPUFA, is B
the preferred method of feeding for healthy infants and
is strongly supported.”

“Infant formulas should contain at least 0.2% of total
fatty acids as DHA and 0.35% as AA; formulas for
preterm infants should include at least 0.35% DHA and
0.4% AA.”

There is an absence of published studies showing direct
functional benefits of supplementation of LCPUFA and
studies to determine if the variability in LCPUFA status
among pregnant women is related to functions in either
the mother or infant.

“It seems prudent for pregnant and lactating women to
include some food sources of DHA in their diet.”

“There appears to be no detectable reduction in plasma B
n-3 LCPUFA concentrations during pregnancy, whereas
there is a clear decline during the early postpartum

period.”

“Results of randomized clinical studies suggest that n-3
LCPUFA supplementation during pregnancy does not
affect the incidences of pregnancy-induced hypertension
and preeclampsia without edema.”

“n-3 LCPUFA supplementation may cause modest
increases in the duration of gestation, birth weight, or
both.”

“To date there is little evidence of harm as a result of

n-3 LCPUFA supplementation during either pregnancy
or lactation.”

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Leary Cohort Mother-child pairs Diet During
et al., 2005 (n=6944) pregnancy,
Bristol, England unspecified

Avon Longitudinal Study
of Parents and Children
(ALSPAC)

Copyright © National Academy of Sciences. All rights reserved.
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Amount

Results

Conclusion*

Carbohydrate (g)
182-218, 218-
258,258

Protein (g)
55-66, 66-79,
>79

Total fat (g)
55-68, 68-84,
>84

Saturated fat (g)
21-27,27-35,
>35

Polyunsaturated
fat (g)

9-12, 12-16,
>16

Monounsaturated
fat (g)

19-24, 24-30,
>30

Calcium (mg)
759-938, 939-
1127, 51127

Potassium (mg)
2177-2582,
2583-3021,
>3021

Magnesium (mg)
207-254, 255-
308, >308

Protein/carbohy-
drate
0.26-0.30, 0.31-
0.35,>0.35

Animal protein (g)
35-44, 44-53,
>53

Omega-3 fatty
acids (g)
0.03-0.09, 0.10-
0.27,>0.27

Copyright © National Academy of Sciences. All rights reserved.

After adjusting for sex, child’s age for blood pressure,
and maternal pregnancy energy intake, a significant
inverse association was found between omega-3 fatty
acids and offspring blood pressure at age 7.5 years
(p=0.04).

After adjusting for sex, child’s age for blood pressure,
and maternal pregnancy energy intake, there were no
significant differences in offspring blood pressure at age
7.5 years based on maternal intake of carbohydrate,
protein, total fat, saturated fat, polyunsaturated fat,
monounsaturated fat, calcium, potassium, magnesium,
protein/carbohydrate or animal protein.

After adjusting for measurement factors, current anthro-
pometry, maternal and social factors, birth weight, and
gestation, there was a significant positive association
found between maternal intake of carbohydrates and
offspring blood pressure at 7.5 years (p=0.04).

After adjusting for measurement factors, current anthro-
pometry, maternal and social factors, birth weight, and
gestation, there were no significant differences between
the tertiles of maternal intake of protein, total fat,
saturated fat, polyunsaturated fat, monounsaturated fat,
calcium, potassium, magnesium, protein/carbohydrate,
animal protein, or omega-3 fatty acid and offsprings’
systolic blood pressure at age 7.5 years.
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure

Oken Cohort Mother-infant pairs Seafood Second
et al., 2005 (n=135) trimester of
Aged <30 years (n=16) pregnancy
Aged 30-34 years (n=53)
Aged 235 years (n=31)
82% White; 18%
non-White
80% college or graduate
degree
Massachusetts
Singleton pregnancy,
were able to complete
forms in English, did
not plan to move out
of the study area before
delivery
Project Viva

Colombo Cohort Infants (n=70) DHA-enriched ~ 24-28 weeks
et al., 2004 Mean gestation 39.29 egg gestation until
weeks delivery
Mean birth weight
3248.57 g
Mean APGAR score
(1 min) 7.94
Mean APGAR score
(5 min) 8.80
Mean education (11.77
years for mother and
11.88 for father)
77% African American
21% Caucasian
1% Hispanic
Kansas

Copyright © National Academy of Sciences. All rights reserved.
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Number of After controlling for maternal hair mercury level, age, B
servings/week: race/ethnicity, education, marital status, infant sex,
Canned tuna fish gestational age at birth, birth weight for gestational age,
(3-4 oz/serving)  breast-feeding duration and age at cognitive testing:
Shrimp/lobster/
scallop/clam Each 1 serving/week increase of fish intake increases the
(1 serving) VRM score by 4 points (%novelty preference; 95% CI
Dark meat fish 1.3-6.7).
(3-5 oz/serving)
Other fish (3-5 After controlling for maternal seafood intake, age,
oz/serving) race/ethnicity, education, marital status, infant sex,
gestational age at birth, birth weight for gestational age,
6 responses from breast-feeding duration, and age at cognitive testing:

never or less

than 1/month Each 1 ppm increase in maternal hair mercury levels

to 1 or more decreases the VRM score by 7.5 points (%novelty pref-

servings/day erence; 95% CI -13.7 to -1.2).

This study is a “Infant red blood cell DHA level was unrelated to sub- B
follow-up to an  sequent attentional measures, but maternal red blood

RCT cell DHA was consistently predictive of later attentional
outcomes.”

High-DHA eggs:

135 mg DHA/ “Infants whose mothers had higher levels of DHA at

egg birth showed accelerated developmental courses in at-
tention across the 1st year.”

Ordinary eggs:

35 mg DHA/egg Percent of time spent looking in orienting increased over
time in both the high- and low-DHA groups, but it was
larger in the high-DHA group compared to the low-

DHA group at 4, 6, and 8 months.
Percent of time spent looking in sustained attention
declined over time in both groups, but it was smaller in
the high-DHA group compared to the low-DHA group
at 4, 6, and 8 months.
Percent of time spent looking in attention termination
was larger at 4 months in the low-DHA group com-
pared to the high-DHA group, and then declined and
leveled off at 6 months in both groups.
continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Daniels Cohort Infants (n=1054) Seafood Maternal fish
et al., 2004 Mothers’ mean age = 29 intake:
years 32 weeks of
Majority of mothers with gestation
at least an O (moderate)
level education Breastfeeding
Bristol, UK practices:
Singleton, term births 15 months

Avon Longitudinal Study
of Parents and Children

(ALSPAC)
Sakamoto Cohort Pregnant women (n=63) Maternal blood
et al., 2004 Aged 21-41 years and umbili-
Japan cal cord blood
Planning to deliver at lipids

Munakata Suikokai
General Hospital,
Fukuoka

Healthy

after birth

Infant fish
intake:

6 and 12
months after

birth

Total mercury
concentration:
Cord blood at
birth

Umbilical cord
blood at birth
and maternal
blood 1 day
after parturi-
tion before
breakfast
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Amount

Results

Conclusion*

Maternal fish
intake cat-
egories (during
pregnancy):

1 = Rarely/never

2 = 1 meal/2 weeks

3 = 1-3 meals/week

4 = 4+ meals/week

Child fish intake
categories (6
months of age):

1 = Rarely/never

2 = 1+ meal/week

Child fish intake
categories (12
months of age):

1 = Rarely/never

2 = 1+ meal/week

Unspecified

Copyright © National Academy of Sciences. All rights reserved.

Children whose mothers ate 1-3 fish meals/week and
4+ fish meals/week had significantly lower odds of low
MCDI scores for social activity (OR=0.6, 95% CI 0.5-
0.8 and OR=0.7, 95% CI 0.5-0.9, respectively) than the
children whose mothers rarely or never ate fish during
pregnancy.

Children whose mothers ate 1-3 fish meals/week and
4+ fish meals/week had significantly lower odds of low
DDST scores for language (OR=0.7, 95% CI 0.5-0.9
and OR=0.7, 95% CI 0.5-0.9, respectively) than the
children whose mothers rarely or never ate fish during
pregnancy.

Children who ate 1+ fish meals/week had significantly
lower odds of low MCDI scores for vocabulary
comprehension (OR=0.7, 95% CI 0.5-0.8) and social
activity (OR=0.7, 95% CI 0.6-0.9) and total DDST
scores (OR=0.8, 95% CI 0.6-0.9).

All other odds ratios presented were nonsignificant.

In all cases, fetal RBC-Hg levels (13.4 ng/g) were
statistically higher than maternal RBC-Hg levels (8.41
ng/g) (p<0.01).

“A strong correlation was observed in RBC-Hg between
mothers and fetuses (r=0.92, p<0.001).”

“Maternal RBC-Hg concentrations showed significant
correlation coefficients with maternal plasma EPA
(r=0.36, p<0.001) and DHA (r=0.33, p<0.005)
concentrations.”

“Fetal RBC-Hg concentrations showed a significant
positive correlation with fetal plasma EPA (r=0.32,
p<0.05) and DHA (r=0.35, p<0.01).”

B

N/A

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Willatts Cohort Mother and infant pairs DHA and AA 34-36 weeks
et al., 2003 (n=96) content in gestation
Term pregnancy and maternal red
infant birth weight blood cells
>2499 g
Dundee
Cheruku Cohort Pregnant women (n=17) Maternal Day 1 and day
et al., 2002 Men aged 29 years in the  plasma DHA 2 postpartum

high-DHA group

Men aged 24 years in the
low-DHA group

White (n=14)

Hispanic (n=3)

Windham, CT

>4 hours of crib time in
the first and second
days postpartum

No history of chronic
hypertension, hyperlip-
idemia, renal or liver
disease, heart disease,
thyroid disorders,
multiple gestations,
or pregnancy-induced
complications

No drugs that affect
the respiration of
newborns, such as
magnesium sulfate and
butorphanol
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Amount Results Conclusion*
Absolute DHA After adjusting for maternal education, social class, B

and AA levels birth weight, gestation, type of feeding at birth, and

in blood infant age at time of assessment:

unspecified

“There was a significant negative relation between
maternal DHA and peak look duration (p<0.05), and a
significant positive relation between maternal DHA and
visual acuity (p<0.01)” at 4 months of age. The relation
between AA and peak look duration and visual acuity
at 4 months of age were not significant.

“These results suggest that higher maternal DHA status
is related to more efficient information processing and
improved visual acuity development in 4-month-old
infants.”

High-DHA group  On day 2 postpartum, the low-DHA group had signii- B
(maternal cantly higher sleep-wake transition (% of time in crib)
plasma): and less wakefulness (% time in crib) than the high-

>3.0% by weight ~ DHA group (p<0.05).
of total fatty
acids There was a significant group effect for active sleep time

(p=0.004) and active:quick sleep time (p=0.001), these

Low-DHA group  times being shorter in the high-DHA group than in the

(maternal low-DHA group.
plasma):

<3.0% by weight  “Differences in the prenatal supply of LCPUFAs, espe-
of total fatty cially DHA, may modify brain phospholipids and affect
acids neural function.”

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Haggerty Cohort Mothers, smokers (n=11)  Placental tissue ~ Within 20
et al., 2002 Mothers, nonsmokers lipids minutes of
(n=13) delivery
Aberdeen, Scotland
Uncomplicated, full-term
pregnancies
Perfusion on term placen-
tas delivered vaginally
or by elective Caesarean
section from other-
wise uncomplicated
pregnancies
Innis Cohort Infants (n=83) Fatty acids in 2 months of
et al., 2001 Term blood from age

Birth weight 2500-4500 g  infants and milk
Mean mother’s age of 32 from mothers
years
British Colombia
Intend to breast-feed for 3
months, no solid foods
for at least the first 4
months after birth
No mothers with sub-
stance abuse, communi-
cable diseases, meta-
bolic or physiologic
problems, infections
likely to influence fetal
growth, or multiple
births
No infants with evidence
of metabolic or physical
abnormalities
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Amount Results Conclusion*
Unspecified The rates of transfer of LA and AA per perfused area N/A

were not different between the groups; “neither was the
rate of placental transfer of ALA and DHA affected by
smoking during pregnancy.”

“In the non-smoking control group the placenta se-
lectively transferred polyunsaturated fatty acids to the
fetus in the order DHA > AA > ALA > LA. The order of
selectivity was unaltered in placentas from smokers, but
the addition of ethanol to the perfusion medium altered
the order of selectivity to AA > ALA > LA > DHA.”

“The presence of ethanol in the perfusate at a concen-
tration of 2 mg/ml significantly reduced (p<0.01) the
absolute rate of transfer of ALA and DHA.”

Infant DHA: “The ability to correctly discriminate a retroflex com- B
(g/100 g fatty pared with dental phonetic contrast at 9 months of age
acids) was positively correlated with the plasma phospholipid

Plasma phospho- ~ DHA (p<0.02) and the RBC PE at 2 months of age
lipids =2.2-8.0  (p=0.02).”
RBC PE = 6.3-13.0

PC=1.4-4.6 “There were no significant correlations between the
infants’ AA status and the ability to discriminate the
Infant AA: native or nonnative language contrasts.”
(g/100 g fatty
acids) “There were no significant correlations between the

Plasma phospho-  infant DHA or AA status at 2 months of age and test
lipids = 8.1-15.8  scores for novelty preference, or the job search task,
RBC PE = with adjustments for covariates included in the model.”

20.2-27.8
PC=5.6-9.7

Mother’s milk:
(g/100 g milk
fatty acids)

DHA = 0.10-2.50

AA =0.20-0.81

LA =6.30-21.50

LNA = 0.50-4.10

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure
Otto Cohort Pregnant women (n=57) Plasma 36-37 weeks
etal., 2001 Mean age around 30 years phospholipids gestation;
Southern Limburg, 2-5 days after
Netherlands delivery; 1,
No metabolic, cardiovas- 2,4, 8, 16,
cular, neurologic, or 32, 64 weeks
renal disorders postpartum
No medications, except
multivitamins and iron
supplements
Singleton pregnancy
Term delivery
No blood transfusions in
the perinatal period
Williams Cohort Boys and girls (n=435) Seafood During preg-
et al., 2001 Mean age of 3.5 years nancy for the

Born in last 6 months of
the Avon Longitudinal
Study of Parents and
Children (ALSPAC)
enrollment period

Healthy term infants

mothers and
at 4 weeks, 4
months, and 6
months for the
infants
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Amount Results Conclusion*
Absolute amount  “After delivery, total fatty acids in plasma phospholip- ~ N/A
not specified ids decreased significantly over time in the lactating and
nonlactating women (p<0.0001).”
“The amounts of ALA, DHA, and total n-3 fatty acids
showed significant downward trends postpartum in
both groups, whereas the amounts of EPA and DPA
increased significantly after delivery.”
Oily fish consump-  After adjusting for breastfeeding, sex, maternal educa- B
tion categories:  tion, maternal age, housing tenure, financial difficul-
1 = Never or rarely ties, maternal smoking, number of older siblings in
2 = Once every household, child care, maternal job status, mother is a
2 weeks vegetarian, mother’s fish eating habits:
3 = More than
once every “Mothers who ate oily fish at least once every 2 weeks
2 weeks during pregnancy were more likely to have children
who achieved foveal steroacuity than were the mothers
White fish = cod, who never ate oily fish (OR=1.57, 95% CI 1.00-2.45),”
haddock, plaice, but this was not significant.
and fish fingers
Oily fish =
pilchards,
sardines,
mackerel, tuna,
herring, kippers,
trout, and
salmon
continued
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Timing of
Author Study Type  Subjects Exposure Exposure
Haggerty Cohort Pregnant women (n=10) Fatty acid 31-38 weeks
et al., 1999 Mean age of 31.3 years composition gestation
In last trimester of of maternal
pregnancy perfusate
31-38 weeks gestational
age
Aberdeen, Scotland
Healthy
Haggerty Cohort Term placentae (n=9) Placental tissue ~ Within 20
et al., 1997 Mean weight of 566 g lipids minutes of
Delivered vaginally or delivery
by elective caesarean
section
Uncomplicated
pregnancies
Nonsmokers
Al et al., Cohort Pregnant women (n=110)  Maternal 10, 14, 18,
1995 Aged 19-43 years venous and um- 22, 26, 30,
Maastricht, Netherlands bilical vein fatty 32, 34, 36,
Caucasian acid profiles 38, 40 weeks
Singleton pregnancy gestation;

DBP <90 mmHg

No metabolic, cardiovas-
cular, neurological or
renal disorder

after delivery;
6 months after
delivery
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Conclusion*

Unspecified

Unspecified

Absolute amount
not specified

Copyright © National Academy of Sciences. All rights reserved.

“When perfused with fatty acids in the ratios found in
maternal circulating triglyceride, the human placenta se-
lectively transfers PUFA to the fetus in the order: DHA
> ALA > LA > AA”

“The ultimate source of fatty acids for the placenta is
important for estimates of the likely supply of individu-
al PUFA/LCPUFA to the fetus in utero.”

“The biggest determinant of transfer of individual fatty
acids from the mother to fetus is the supply of fatty
acids available in the maternal circulation.”

“The order of selectivity for placental transfer to the
fetal circulation was DHA > ALA > LA > oleic acid,
whilst the proportion of AA transferred was actually
lower than that for oleic acid.”

“There was no evidence of chain elongation of LA or
ALA to any LCPUFA of the n-6 or n-3 series in the
perfused placenta.”

“The average amount of total fatty acid in maternal
venous plasma phospholipids increased significantly
(p<0.0001) during pregnancy, but the rise in total fatty
acids became less pronounced towards the end of gesta-
tion (p<0.0001).”

Total fatty acids increased from 1238.11 mg/L at week
10 to 1867.84 mg/L at week 40 of gestation, and all of
the fatty acid families showed a similar course.

“The mean amount of total fatty acids in umbilical plas-
ma phospholipids was substantially lower (p<0.0001)
than all maternal values” for all fatty acid families.

“In contrast to the absolute amounts of AA and DHA,
the mean relative amounts of AA and DHA in umbili-

cal plasma phospholipids were significantly (p<0.0001)
higher than all maternal values.”

N/A

N/A

N/A

continued
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TABLE B-1d Continued

Timing of
Author Study Type  Subjects Exposure Exposure

Clandinin Cohort Male infants (n=14) Tissue fatty 16 hours
et al., 1980b Female infants (n=7) acid content postmortem
Died within 3 days of from frontal
birth and occipital
Toronto, Canada brain lobes and
Infants died from in- cerebellum
trapartum asphyxia,
congenital heart disease,
sudden infant death
syndrome, diaphrag-
matic hernia, and
accidental causes
Infants were of normal
body weight and weight
for length, with the
exception of two infant
males; infants had nor-
mal head circumference,
with the exception of
one infant male
No infections or gastro-
intestinal disorders,
apparently normally
nourished, and growing
reasonably well until
the time of death

Bjerve Case-control Cases = adults (n=156) Seafood and 10 weeks for
etal., 1993 Controls = normal human  dietary DHA adults and 1
serum stored at —80 and AA intake  year for the
degrees C preterms
Aged >40 years
Nord-Trondelag, Norway
Previously undiagnosed
diabetic patients
Preterm infants (n=21)
Very low birth weight,
with birth weight
<1500 g seen consecu-
tively at the Department
of Pediatrics
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Number of fish
meals per week:
<2,2,3,and >4

Mean AA intake
of these groups:
(g/day)

1.22,1.19, 1.31,
1.59

Copyright © National Academy of Sciences. All rights reserved.

“Postnatal brain growth, expressed as wet weight of
brain tissue, increased during the postpartum period,
but was not as rapid as intrauterine brain growth.”

“In contrast to the fatty acid components, postpartum
levels of LA increased 4-fold relative to prenatal levels;
postpartum brain levels of AA do not differ from those
observed in brain during the third trimester.”

“Chain elongation-desaturation of AA and LA to
l