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Fish Consumption: Recommendations Versus Advisories,
Can They Be Reconciled?
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Consumption of at least two servings of fish per
week is recommended by the American Heart
Association (AHA) to achieve cardio-protective
effects. However, some fish are contaminated
with methylmercury, which may counteract the
positive effect of the omega-3 fatty acids, and
numerous governments have issued advisories
for certain fish species. These mixed messages
may be a source of confusion to the consumer
and to the health professional. This paper reviews
whether it is possible to follow the AHA recom-
mendation for fish consumption while avoiding
the risks associated with consuming mercury in
amounts in excess of government thresholds.
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Introduction

There has been significant promotion of fish intake in
recent years because of its high-quality protein con-
tent, low fat content, and because it is a good source of
vitamins and minerals, but particularly because it
contains omega-3 fatty acids, which have been asso-
ciated with cardiovascular health benefits. The Amer-
ican Heart Association (AHA) promotes the consump-
tion of fish by recommending at least two servings per
week to achieve cardio-protective effects. At the same
time, high methylmercury content has been discovered
in some fish, leading numerous government agencies
to publish advisories for the consumption of fish,
particularly in at-risk subpopulations (e.g., women of

childbearing age and children). These mixed messages
could very well be a source of confusion to the
consumer and to the health professional. Therefore,
we undertook this review to summarize the benefits
and risks of fish consumption, to examine the dietary
intakes of fish and omega-3 fatty acids from fish in the
US population, and to determine whether it is possible
to follow the AHA recommendation for fish consump-
tion while avoiding the risk of consuming mercury in
amounts in excess of the threshold suggested by the
US government and the World Health Organization
(WHO).

Benefits of Fish Consumption

Eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are omega-3 fatty acids formed from alpha-
linolenic acid, and are found mainly in fatty fish. Ome-
ga-3 fatty acids (particularly EPA) have been shown to
have protective effects in preventing coronary heart dis-
ease (CHD), reducing arrhythmias and thrombosis,1 low-
ering plasma triglyceride levels,2 and reducing blood
clotting tendency.3-5 The levels of EPA and DHA in a
serving of a variety of fish and shellfish are shown in
Figure 1.

Numerous epidemiological studies have been con-
ducted to examine the relationship between fish intake
and CHD mortality.6-10 Many of these studies used
fish or fish oil intake as surrogates for omega-3 fatty
acid intake. Oomen et al.11 reported a 34% decrease in
CHD mortality among consumers of fatty fish (but
not total fish or lean fish) in three cohorts from the
Seven Countries Study. Daviglus et al.12 found that
consuming 35 g/d of fish (less than one serving, which
is defined as 85 g) resulted in decreased CHD mortal-
ity. Other studies have shown that fish oils contain-
ing both EPA and DHA reduce serum lipid concen-
trations in both animals and humans.13-16 The Food
and Nutrition Board reviewed these and other studies
and concluded that the consumption of omega-3 fatty
acids in amounts up to (but not exceeding) 3 g/d is
beneficial.5
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Risks Associated with Fish Consumption

Concern has been raised that excessive amounts of ome-
ga-3 fatty acids, as contained in fish, may have negative
health consequences. Another major risk associated with
fish consumption is the potential exposure to mercury
contained in certain species. Among humans, the sole
source of exposure to methylmercury is the consumption
of fish and sea mammals.17 In March 2004, the Environ-
mental Protection Agency (EPA) and the US Food and
Drug Administration (FDA) jointly released an updated

consumer advisory on methylmercury in fish18; this in-
formation is summarized in Table 1.

Potential Risks Associated with Excess
Omega-3 Fatty Acids
Studies have reported that high intakes of omega-3 fatty
acids may impair the immune response by causing ex-
cessively prolonged bleeding times, possibly resulting in
hemorrhagic stroke and causing oxidative damage to
various tissues. These studies have been reviewed pre-

Table 1. 2004 EPA/FDA Fish Advisory to Women Who Are Pregnant, Women Who Might Become
Pregnant, Nursing Mothers, and Young Children*18

Advisory Fish Type

Do not eat Shark, swordfish, king mackerel, tilefish
Eat up to 6 ounces/week (1 average meal) Albacore “white” tuna† and locally caught fish from local lakes,

rivers, and coastal areas‡

Eat up to 12 ounces/week (2 average meals) A variety of fish and shellfish low in mercury; examples are
shrimp, canned light tuna, salmon, pollock, and catfish.

* Follow these same recommendations when feeding fish and shellfish to young children, but serve smaller portions.
† Has more mercury than canned light tuna.
‡ If you choose locally caught fish, do not consume any other fish that week.

Figure 1. EPA and DHA content of a variety of vish and shellfish.45 * Indicated by FDA as one of the top 10 seafoods (80% of the
market) containing �0.2 ppm mercury. † Fish and shellfish with the highest levels of mercury. § Includes flounder, plaice, and sole.
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viously.5,19 Most of the studies examining these associ-
ations were conducted in vitro, and some effects were
only demonstrated in animals. The negative effect of
omega-3 fatty acids on immune suppression were shown
with EPA and DHA levels 7 to 15 times that consumed
in the usual American diet.5,20-23 More recently, Kew et
al.24 found that intakes of less than 1.7 g/d of EPA and
DHA (less than two servings of fatty fish) in men and
women age 50 and over did not alter the functional
activity of the inflammatory cells.

Based on the totality of the evidence, the FDA
recommended that individual intake of EPA and DHA
from food and supplements not exceed 3 g/d.25 The
Institute of Medicine’s Food and Nutrition Board, using
1994-1996 and 1998 Continuing Survey of Food Intakes
by Individuals (CSFII) data, estimated that the mean
intake of EPA and DHA by US adults age 19 years and
older ranges from 0.04 to 0.1 g/d depending on age
group. Males age 31 to 50 reported the highest mean
consumption of DHA and EPA. The FDA concluded
that, at this time, the US population is not at risk of
overconsumption of omega-3 fatty acids from seafood.26

Potential Risks Associated with Methylmercury
The major risk of fish consumption is its content of
methylmercury. Methylmercury poisoning mostly affects
the nervous system and is especially harmful to infants’
developing nervous systems.17,27 In fact, the fetal brain is
more susceptible than the adult brain to mercury-induced
damage.17 Methylmercury inhibits the division and mi-
gration of neuronal cells and disrupts the architecture of
the developing brain.17 The evidence for mercury’s ef-
fect on the health of adults is less clear-cut. Two Japa-
nese28 and one Iraqi study29 reported neurological dam-
age and deaths due to the consumption of fish with
mercury concentrations ranging from 9 to 24 �g/g fish
with amounts up to 40 �g/g. In the United States, no
similar poisonings have been reported.

For adults, the major area of concern at this time
involves findings that mercury in fish counteracts the
positive effects of omega-3 fatty acids and enhances the
development of CHD. A study by Guallar et al.7 evalu-
ated the relationship of mercury measured in toenails and
DHA measured in adipose tissue on risk of first myocar-
dial infarction. The authors found that the levels of DHA
in adipose tissue were strongly correlated with toenail
mercury level (p � 0.0001). In addition, after adjustment
for age, location, and DHA, myocardial infarction pa-
tients had higher mercury levels than the healthy controls
(odds ratio 1.10; 95% CI 1.03–1.18). The researchers
concluded that high mercury content might diminish the
cardio-protective effect of fish intake. However, another
study by Yoshizawa et al.27 found a positive relationship
between fish consumption and toenail mercury levels,
but no increase in risk of CHD with higher mercury

levels even after adjusting for age, smoking, and other
risk factors. Due to low study numbers, the authors could
not exclude an association between nail mercury levels
and risk of CHD. Reports evaluating the epidemiological
evidence to date point to the conflicting evidence linking
mercury to CHD and call for more studies.17,19,30

Mercury is present in fish due to its natural occur-
rence in soil, rocks, streams, lakes, and oceans. It is also
a by-product of industrial waste from activities such as
pulp and paper processing, mining, and burning of gar-
bage and fossil fuels. Most fish have trace amounts of
mercury because of the metal’s tight protein-binding
properties. The levels vary from fish to fish depending on
aquatic environment and place in the food chain.31 FDA
measured mercury contents of various fish and found that
the most often consumed fish with the highest mercury
levels were shark, swordfish, and fresh and frozen tuna.
Canned tuna was targeted for additional analyses due to
its affordable price and widespread consumption in the
United States. The additional analyses, released in March
2004, revealed a higher content of mercury in canned
white albacore tuna (0.358 �g/g) than in canned light
tuna (0.123 �g/g).

Recommendations and Advisories

Considering the potential heart health risk of mercury
consumption, we examined the recommendations issued
by the AHA for fish consumption, the amount of fish
consumed by the general population, and the advisories
released by the regulatory agencies to determine whether
these can be reconciled.

AHA Recommendations
Based on two large-scale reviews,10,32 the AHA recom-
mended that adult patients without documented CHD eat
a variety of (preferably oily) fish at least twice a week
and include oils and foods rich in alpha-linolenic acid
(flaxseed, canola, and soybean oils, flaxseeds, and wal-
nuts). This is equivalent to 0.3 to 0.5 g/d of EPA and
DHA, which is essential for healthy individuals to reap
specific heart health benefits. For those with documented
CHD, the AHA suggests consuming 1 g/d of EPA and
DHA preferably from oily fish; however, supplements
could be considered with consultation with a physician.
The AHA Scientific Statement10 reported that consump-
tion of one fatty fish meal (85 g portion) per day (or the
equivalent fish oil supplement) could result in EPA and
DHA intakes of approximately 0.9 g/d, which research-
ers have shown to beneficially affect CHD mortality
rates in patients with coronary disease.

Fish Consumption
Based on 1994-1996 CSFII data, approximately 20% of
adults age 20-39, 40-59, and 60� reported consumption
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of finfish on any of the survey days.26,33 The amounts
consumed by persons reporting fish intake are displayed
in Table 2. Those who reported that they ate fish reported
on average an intake of one serving (approximately 85 g)
per day. The highest finfish consumers (90th percentile)
reported consuming approximately two servings (170 g)
per day (Table 2).26,33 The most current publicly avail-
able fish intake data were released by the National
Centers for Health Statistics in 2003. The 1999-2000
National Health and Nutrition Examination Survey
(NHANES) collected a 30-day food frequency of 31
categories of fish and shellfish. We used this data to
determine the number of people in the United States who
are fish consumers and how often they eat specific fish.
The results show that 81% of adults 18 years and over
reported consuming any amount of fish or shellfish
during a 30-day period. Only 19% of adults age 18 years
and over reported consuming fish eight or more times
over 30 days (assumed to be equivalent to twice a week).
Table 3 displays the most frequently consumed fish and
shellfish. Shrimp, which has little or no mercury, has the
highest reported frequency of consumption and is con-
sumed by the majority of adults eating fish (85%). Tuna
(not specified as canned or whole fish) is the second most
frequently consumed fish and approximately half of all
fish-eating adults reported its consumption. Of those who
eat tuna, approximately 14% eat it once a week or more
(i.e., four times or more over 30 days).34

Fish Advisories
Ever since government bodies of both the United States
and Canada released fish advisories due to methylmer-
cury content (the most recent releases were March 2004
in the United States and May 2001 in Canada), research-
ers all over the world have been working diligently to
estimate the actual consumption of mercury from fish. It
is a difficult task because the actual content can vary

between and within fish species and by location, depend-
ing on the environmental conditions. The FDA has indi-
cated that the mercury content of fish in the United States
ranges from 0.04 to 1.5 �g/g fish, much less than the
levels noted in other countries. In 1995, the FDA stated
that consumption advice was unnecessary for the top 10
seafood species that make up approximately 80% of the
market (noted with § in Table 4). Mercury content for
each of the 10 species was found to be less than 0.2 �g/g
fish, which FDA evaluated was safe using exposure
levels 10 times lower than the lowest levels associated
with adverse effects. The EPA/FDA set this limit to be 1
�g/g of fish; the Canadian authorities set a lower limit of
0.5 �g/g fish. It is the responsibility of the regulatory
bodies to enforce this limit on commercially available
fish sold to the public. In addition, the EPA and FDA
jointly recommend that children and women of child-
bearing age (those who are pregnant or who might
become pregnant) not consume specific fatty fish (shark,
swordfish, king mackerel, and tile fish), and that they eat
up to 12 ounces (340 g) a week of a variety of fish and
shellfish that are lower in mercury (Table 1).18,35

Due to the health hazards of excess mercury expo-
sure, the EPA created a reference dose (RfD) for mercury
of 0.1 �g/kg body weight/d.36 The RfD is a numerical
estimate of a daily oral exposure to the human popula-
tion, including sensitive subgroups such as children, that
is not likely to cause harmful effects during a lifetime.36

Because of safety factors incorporated in an RfD, expo-
sures above the RfD are not necessarily hazardous, but
risk is expected to increase as exposures to methylmer-
cury increase. Based on three longitudinal epidemiolog-
ical studies,37-43 the National Research Council derived
an RfD of 0.1 �g/kg body weight/d.36 In contrast to the
EPA, the Joint FAO/WHO Expert Committee on Food
Additives calculated an RfD called the “provisional tol-

Table 2. Percentage of Persons Reporting Total Finfish Consumption and Quantities Consumed in a Day-
Continuing Survey of Food Intakes by Individuals (CSFII) 1994–199626,33

Age and Sex

20–39 40–59 60�

M F M F M F

CSFII sample (n) 1543 1449 1663 1694 1545 1429
Fish consumption at least once in 2 days (%) 19.6 20 22.9 24.1 27.3 25
Fish consumption on one of 2 days (%) 18.4 17.8 20.0 21.6 23.7 20.8
Fish consumption on both days (%) 1.1 2.2 2.9 2.5 3.6 4.2
Quantity of fish consumed in 1 day

Mean (g) 95 74 102 78 93 93
SEM 5 5 6 5 4 5
25th percentile 49 28 48 31 49 48
50th percentile 77 56 85 57 78 76
75th percentile 126 95 126 104 121 121
90th percentile 185 147 199 142 183 165
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erable weekly intake” (PTWI) of 1.6 �g/kg body weight/
week. The two agencies considered the same studies but
recommended different threshold levels based on the
emphasis they placed on the different studies and the
safety factor applied.44

To estimate possible mercury exposures based on
two servings (170 g) of the same fish per week, we
present in Table 4 the content of omega-3 fatty acids per
170 g of fish, the average mercury residue per 170 g of
various fish, and the daily exposure of mercury per
kilogram body weight for a 70-kg adult per 170 g. The
last two columns of Table 4 represent the percentage of
the EPA’s RfD and, for comparison, the FAO/WHO’s
PTWI that an average adult weighing 70 kg would be
exposed to if he/she were to consume 170 g of the same
fish species per week.

Discussion

Due to the vast interest in their health-promoting at-
tributes, US regulatory bodies have conducted major
scientific literature reviews concerning the safety of
omega-3 fatty acids in order to create qualified health

Table 3. Top 10 Fish and Shellfish Consumed by
the US Population Ranked by 30-Day Frequency
of Eating Occasions34

Ranking by Fish

Average No.
of Eating
Occasions

Percent of
Adult

Consumers

1. Shrimp 2.1 85%
2. Tuna 2.9 50%
3. Salmon 2.2 22%
4. Breaded fish 2.0 22%
5. Crab 1.8 26%
6. Other fish 2.5 16%
7. Catfish 2.0 16%
8. Clams 1.5 16%
9. Cod 1.9 11%

10. Scallops 1.4 15%
22. Swordfish* 1.4 3.3%
27. Mackerel* 1.9 1.1%
28. Shark* 1.1 0.7%

* Three additional fish species were included due to their
EPA/FDA mercury advisory status.

Table 4. Omega-3 Fatty Acids, Mercury Levels, and Percent of US and FAO/WHO Reference Values in
Select Fish and Shellfish Based on Consumption of 6 Ounces (170 g) per Week

Fish/Shellfish
EPA � DHA
g/170 g fish45

Mercury Residue35

(ug/170 g fish)
Mercury �g/kg/d

(70 kg adult) % RfD* % PTWI†

King mackerel§ 3.14 124.1 0.25 253% 111%
Salmon‡ 2.44 ND ND ND ND
Trout 1.60 5.1 0.01 10% 5%
Tilefish§ 1.54 246.5 0.50 503% 220%
Albacore “white” tuna (canned) 1.46 59.5 0.12 121% 53%
Bass (saltwater) 1.30 45.9 0.09 94% 41%
Shark§ 1.18 168.3 0.34 343% 150%
Swordfish§ 1.08 164.9 0.34 337% 147%
Oysters 0.94 ND ND ND ND
Crabs‡ 0.80 30.6 0.06 62% 27%
Pollock‡ 0.80 10.2 0.02 21% 9%
Perch 0.56 ND ND ND ND
Shrimp‡ 0.54 ND ND ND ND
Cod‡ 0.48 18.7 0.04 38% 17%
Light tuna (canned)‡ 0.46 20.4 0.04 42% 18%
Haddock 0.40 5.1 0.01 10% 5%
Catfish‡ 0.40 8.5 0.02 17% 8%
Tuna (fresh/frozen) 0.38 64.6 0.13 132% 58%
Croaker 0.34 8.5 0.02 17% 8%
Scallops‡ 0.34 8.5 0.02 17% 8%
Flatfish¶‡ 0.30 8.5 0.02 17% 8%
Clams‡ 0.24 ND ND ND ND
Lobsters 0.14 15.3 0.03 31% 14%

* EPA reference dose � 0.1 ug mercury/kg body weight/day.
† WHO provisional tolerable weekly intake � 1.6 ug mercury/kg body weight/week.
‡ Indicated by FDA as one of the top 10 seafoods (80% of the market) that contain �0.2 ppm mercury.
§ Fish and shellfish with the highest levels of mercury.
¶ Includes flounder, plaice, and sole.
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claims. At present, it does not appear that the US adult
population is currently consuming amounts of omega-3
fatty acids at levels anywhere near the negative side
effects found in the scientific literature. In fact, organi-
zations such as the AHA are promoting fish intake in
hopes of increasing the US intake of omega-3 fatty acids.
It is clear from the major surveys that only a small
portion of the population is heeding the recommendation
of including fish at least twice a week in their diet. Thus,
overall, the US population is not at risk of consuming
greater than 3 g/d of omega-3 fatty acids from fish
sources. However, the consumption of mercury from fish
in adults who do consume the recommended two serv-
ings per week of fish may be approaching the threshold
levels set by the US government and FAO/WHO.

To date, fish advisories have been limited to fatty
fish, namely shark, swordfish, tilefish, and king mack-
erel. According to the 2004 DHHS/EPA mercury mea-
surements in fish (shown in Figure 1 and Table 4), there
are multiple fish that contain lower levels of mercury
than shark, swordfish, and fresh and frozen tuna for the
population to include as a part of a healthy diet (e.g.,
salmon, trout, bass, and oysters). Also important is that
not all omega-3-rich fish are also high in mercury (e.g.,
salmon, trout, and bass). However, there are as yet no
clear guidelines for consumers to recognize and select an
appropriate combination of shellfish and fish to obtain
the suggested amounts of omega-3 fatty acids while
maintaining the mercury level below threshold. Thres-
hold levels may not be clear to health professionals
either.

Although it may be possible to heed the AHA
recommendation of 0.3 to 0.5 g EPA and DHA a week
without exceeding the mercury threshold, it may be
difficult to consume fish daily without being at risk of
consistently exceeding the threshold. Although the effect
of mercury on heart disease is still being investigated,
and the thresholds for mercury consumption are arbitrary
and vary between the United States and other nations, the
cautious and moderate approach to fish consumption
needs to be emphasized until more information is made
available. For individuals with heart disease who are
advised to consume 1 g of omega-3 fatty acids, a com-
bination of fish and a fish oil supplement may be a safer
alternative.

Conclusion

Based on national food surveys, it is apparent that the US
population does not frequently consume fish, and strong
advisories may sway consumers further from including
heart-healthy fish in their diet. When fish types are
selected appropriately, healthy US adults can consume
the AHA-recommended servings of fish without consis-
tently exceeding the mercury threshold, but this message

may not be clear to US consumers. The focus for the
advisories has been on women of childbearing age and
children; however, the messages through the media seem
to be targeting all consumers. There needs to be a more
coordinated approach among the fish industry and gov-
ernmental organizations, along with public health work-
ers and other organizations, to work together to craft
appropriate media messages that are clear and concise
and targeted to specific populations in order to advise the
public of health concerns while at the same time promot-
ing the health benefits of fish. The goal is to promote the
attributes of fish that are beneficial for health and provide
the public with very specific examples of how to safely
incorporate fish into a healthy diet. Like other dietary
recommendations, messages to the public should stress
that fish is an important part of a well-balanced, healthy
diet if consumed in moderation.
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