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This two-part report summarizes findings from a recent publication in the Journal of the
American Medical Association.1 Part 1 discusses the potential health benefits of fish and fish oil
intake.  Part 2 discusses the potential health risks and describes optimal intakes for different
populations. The Tables and Figures in this report are adapted from JAMA, October 18, 2006;
296:1885-99, © 2006, American Medical Association, all rights reserved.

Health effects of fish intake – controversy and confusion

Since low rates of coronary heart disease (CHD) death were observed among Greenland Eskimos
consuming high quantities of seafood,2 fish has been considered a heart-healthy food.  Since that time,
the evidence from animal-experimental, observational, and clinical research paradigms has further sup-
ported a protective effect of fish consumption on risk of CHD death and identified the long-chain
marine n-3 polyunsaturated fatty acids (n-3 PUFAs) – eicosapentaenoic acid (EPA) and  docosa-
hexaenoic acid (DHA) – as the likely active constituents.3-21 On the other hand, concern has grown over
the potentially harmful effects of mercury, dioxins, and polychlorinated biphenyls (PCBs) present in
some fish species.22-29 The public is presented with contradictory messages on the risks and benefits of
fish intake, causing confusion over the potential health effects of fish consumption.30, 31

Health benefits of fish intake
Cardiovascular outcomes

CHD death (documented or suspected fatal myocardial infarction [MI]) and sudden death (a
sudden pulseless condition of presumed cardiac etiology) are clinically defined conditions.  These con-
ditions typically share the final common pathway of fatal ventricular arrhythmia, which is often ven-
tricular fibrillation induced by, or related to, ischemia. A pooled analysis of results from prospective
observational studies and randomized clinical trials suggests that fish or fish oil consumption lowers
the risk of CHD death and sudden death (Figure 1).3-5,7-18,32-38 This effect is not linear. Rather, a threshold
effect is apparent: modest intake (up to 250-500 mg/d EPA + DHA) substantially lowers risk, whereas
higher intakes confer little additional risk reduction. This threshold effect explains findings seen in
Japanese populations.18,36,37Average seafood intake among Japanese people is very high (~900 mg/d
EPA + DHA) and, therefore,  most of the population is already above the threshold for maximum ben-
efits on CHD mortality. Consequently, rates of CHD death are already very low among the Japanese
(eg, 87% lower than comparable Western populations10, 18), and additional fish intake (or fish oil supple-
mentation) produces little further reductions in CHD death. When different types of fish meals have
been evaluated, lower risk appears most strongly related to intake of oily fish (containing higher levels
of n-3 PUFAs), rather than intake of lean fish.11,16 Fish intake may modestly affect other cardiovascular
(CV) outcomes, but evidence is not as robust as for CHD death (Table 1).18, 37, 39-52

The n-3 PUFAs influence several CV risk factors.19,20,53-68 Changes in these risk factors occur within
weeks of intake and likely result from changes in membrane fluidity and receptor responses following
incorporation of n-3 PUFAs into cell membranes69,70 and from direct binding of n-3 PUFAs to intracel-
lular receptors, which regulate gene transcription.71 Intake of fish or fish oil is unlikely to affect all clin-
ical CV outcomes equally, due to varying dose-responses and time-responses of the effects of n-3
PUFAs on the risk factors (Figure 2). For example, at typical dietary levels of intake (<500 mg/d EPA
+ DHA), antiarrhythmic effects predominate, reducing risk of sudden death and CHD death within
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Top panel: CHD mortality rates vary >100-fold across different
populations (due to differences in age, prior CHD, and other risk
factors), but the relative effects of fish or fish oil intake are consis-
tent. Compared with little or no intake, modest consumption (~250-
500 mg/d EPA+DHA) lowers relative risk by 25% or more. At higher
levels of intake (eg, in Japanese populations18,37), CHD death rates
are already low and do not substantially further reduce with greater
intake, suggesting a threshold of effect. Only one study (DART238)
found markedly divergent results from this pattern.

Bottom panel: Pooled analysis of prospective studies and
randomized trials of fish or fish oil intake and relative risk of CHD
death using restricted cubic spines. A significant threshold effect
(p<0.001) was evident at intake of ~250 mg/d: between 0 and 250
mg/d, mortality risk was lower by 14.6% (95% CI, 8-21%) per each
100 mg/d greater intake (total risk reduction=36%, 95% CI, 20-50%,
p<0.001), while at higher intakes, risk was not further lowered
(0.0% change per each 100 mg/d, 95% CI, -0.9-0.8%, p = 0.94).

weeks. At higher doses, maximum antiarrhythmic effects have
been achieved, but other physiologic effects may modestly
impact other clinical outcomes, in some cases requiring years
to result in clinical benefits. For instance, the risk of nonfatal
MI may not be greatly reduced by lower doses or shorter dura-
tions of n-3 PUFA intake, but may be modestly reduced by
higher doses or prolonged intake (eg, 1.8 g/d for 5 yrs in the
JELIS trial18).  

Differing pathophysiologies of different clinical CV out-
comes also result in heterogeneity in the clinical effects of fish
or fish oil intake. For example, differing pathophysiologies of
primary ventricular fibrillation (often ischemia-induced) vs.
recurrent ventricular tachyarrhythmias (ectopic or reentrant)
may explain why n-3 PUFAs more strongly reduce the risk of
CHD death or sudden death, compared with equivocal effects
on recurrent tachyarrhythmias among patients with implan-
table cardiodefibrillators. Similarly, the pathophysiology of
chronic development of atherosclerosis is very different from
acute plaque rupture/thrombosis or from ventricular arrhyth-
mia and, thus, n-3 PUFAs would be expected to have differing
effects on atherosclerotic plaque progression vs. nonfatal MI
vs. CHD death/sudden death. When fish is consumed, other
foods, such as meats or dairy products, may be replaced in the
diet. However, such displacement is very unlikely to account
for much of the observed health benefits of fish intake,
because the foods replaced would be highly variable for any
given meal, among individuals, and across cultures. Further-
more, modest intake of these other foods (1-2 times/week) is
not associated with higher CHD risk.72

Total mortality

Consumption of fish or fish oil most strongly affects CHD
death6,10,15-17,19 and is unlikelyto appreciably reduce other causes
of mortality. Thus, in any given population, the effects of fish
or fish oil intake on total mortality would depend on the pro-
portion of mortality due to CHD in that population. Among
typical middle-aged populations, one-quarter of all deaths are
due to CHD, while in higher risk populations (such as those
with prior MI), one-half of all deaths are due to CHD.10,73

Thus, given an estimated 36% reduction in CHD death
(Figure 1), fish or fish oil intake would be expected to reduce
total mortality by between ~9% (36% reduction x 25% CHD
deaths) to ~18% (36% reduction x 50% CHD deaths), depend-
ing on the population studied, or an average of ~14% in mixed
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Figure 1: The relation between fish or fish oil intake and
absolute risk of CHD death in prospective cohort studies
and randomized clinical trials.

Table 1: Summary of the evidence for effects of fish or fish oil consumption on CV outcomes

Outcome Clinical effect Strength of Comments
the evidence

CHD mortality –  Probable threshold of effect – most risk reduction occurs with 
CHD death ~35% Strong modest intake (~250 mg/d EPA+DHA), with little additional 
Sudden death ~50% Strong benefit with higher intakes (see Figure 1).3-5,7-18,32-38

Ischemic stroke ~30% Moderate Strong evidence from prospective cohort studies;39,40 no RCTs.

Nonfatal CHD –
Nonfatal MI ? Modest benefit Equivocal Possible benefits at very high intakes (~2 g/d n-3 PUFAs).18,37

Progression of ? Modest benefit Equivocal Mixed results in cohort studies41 and RCTs.42-44

atherosclerosis
Post-angioplasty ? Modest benefit Equivocal Possible benefits in a meta-analysis of RCTs.45 

restenosis

Recurrent ventricular ? Modest benefit Equivocal Mixed results in three RCTs.46-48

Tachyarrhythmias

Atrial fibrillation ~30% + Limited Mixed results in two cohort studies;49,50 benefit in one RCT.51 

Congestive HF ~30% Limited Benefit in one prospective cohort study.52

RCT = randomized clinical trial; HF = heart failure
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studies and randomized clinical trials have evaluated the
effects of maternal DHA consumption (during gestation or
nursing) on early brain development. A variety of outcomes
have been assessed, including visual acuity, global cognition,
and specific neurologic domains. In a meta-analysis of 14
randomized clinical trials, maternal DHA consumption signif-
icantly improved the visual acuity of the child, with improve-
ments seen in a dose-dependent fashion.79 Results of studies
evaluating general cognitive function have been less consis-
tent, possibly due to differences in neurologic tests uti-
lized;75,78,80 nevertheless, in a meta-analysis of 8 randomized
clinical trials, each 100 mg/d increase in maternal DHA con-
sumption increased child IQ by 0.13 points (95% CI , 0.08-
0.18).81 In a randomized clinical trial among pregnant women,
consumption of cod liver oil from mid-pregnancy (18 weeks)
until 3 months postpartum raised mental processing scores, a
measure of intelligence, in the children at 4 years age.82 These
findings are supported by observational studies demonstrating
higher behavioral attention scores, visual recognition memory,
and language comprehension in infancy when mothers
consume greater amounts of DHA or fish during pregnancy.83-85

Thus, together these studies indicate that maternal consump-
tion of DHA is beneficial for early neurodevelopment.

Other outcomes

Several lines of evidence suggest that fish consumption
may favorably affect other clinical outcomes, such as cognitive
decline and dementia,86 depression and other neuropsychiatric
disorders,87,88 and asthma and other inflammatory disorders.61,89

While these possible effects may prove to be clinically imper-
ative, a review of these and other potential health benefits of
fish intake is beyond the scope of this report.

populations. This is consistent with findings in a meta-analy-
sis of randomized clinical trials of fish or fish oil intake in
humans, in which fish or fish oil intake reduced total mortality
by 17% (among 15 trials, pooled RR=0.83, 95% CI, 0.68-
1.00, p=0.046) (Figure 3).1

This can be compared to the effects of statins on total
mortality – 15% reduction – in a meta-analysis of randomized
clinical trials (pooled RR=0.85, 95% CI, 0.79-0.92).74

Although the magnitude of the mortality benefit, as deter-
mined by meta-analyses of randomized clinical trials, is
similar for fish or fish oil intake vs. statin therapy, the robust-
ness of the evidence is not as strong for fish or fish oil intake,
as evidenced by wider confidence intervals. Nevertheless, an
“either/or” comparison is unnecessary: patients with appropri-
ate indications should receive statin therapy, and all patients
should receive directed advice to consume 1-2 servings/week
of fish – preferably oily fish rich in n-3 PUFAs – to receive the
complementary health benefits of both therapies.

Neurologic development

The rapidly developing fetal and infant brain preferen-
tially incorporates DHA into the cell membranes of gray-
matter and retinal tissues.75 Infants are able to convert shorter-
chain n-3 fatty acids, such as alpha-linolenic acid (ALA), to
DHA.76 However, it is not known whether such conversion is
adequate for optimal brain development in the absence of suf-
ficient maternal consumption of DHA.77,78 Both observational
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Figure 2: Schema of dose-responses (colored lines) and
time courses for altering clinical events (denoted in
italics) of physiologic effects of fish or fish oil intake. The
relative strength of effect is estimated from effects of EPA + DHA on
each risk factor and on the corresponding impact on CV risk.56-58,63-68

For example, the dose-response for anti-arrhythmic effects is initially
steep with a subsequent plateau (Figure 1), and clinical benefits may
occur within weeks, while dose-response for triglyceride effects is
more gradual and monotonic, and clinical benefits may require years
of intake. At typical Western levels of intake (eg, <750 mg/d EPA +
DHA), the physiologic effects most likely to account for clinical CV
benefits include modulation of myocardial sodium and calcium ion
channels, reducing suscep-tibility to ischemia-induced arrhythmia;19,20

and reduced left ventricular workload and improved myocardial
efficiency as a result of reduced heart rate, lower systemic vascular
resistance, and improved diastolic filling.53-58,64 At higher levels of intake
seen with fish oil supplementation or in Japanese populations36,37

(>750 mg/d EPA + DHA), maximum antiarrhythmic effects have been
achieved and clinically relevant effects occur on serum triglycerides,63

and possibly, at very high doses, thrombosis.62 Potentially important
effects on endothelial,59 autonomic,60 and inflammatory61 responses
are not shown because dose-responses and time-courses of such
effects on clinical risk are not well-established. Relationships are not
necessarily exclusive; for example, antiarrhythmic effects may be
partly mediated by effects on blood pressure or heart rate.

Brox 2001 0.17 (0.01, 4.05) 0.3

Burr 1989 0.71 (0.55, 0.92) 18.7

Burr 2003 1.15 (0.99, 1.34) 24.4

Eritsland 1996 1.23 (0.43, 3.51) 2.9

GISSI 1999 0.86 (0.76, 0.97) 26.0

Johansen 1999 0.33 (0.03, 3.18) 0.7

Kaul 1992 0.28 (0.01, 6.78) 0.3

Leaf 1994 0.20 (0.01, 4.16) 0.4

Leaf 2005 1.09 (0.49, 2.46) 4.6

Nilsen 2001 1.00 (0.45, 2.24) 4.6

Raitt 2005 0.40 (0.12, 1.32) 2.3

SOFA 2005 0.57 (0.24, 1.38) 3.9

Sacks 1995 0.32 (0.01, 7.57) 0.3

Singh 1997 0.56 (0.34, 0.91) 9.9

von Schacky 1999 0.50 (0.05, 5.39) 0.6

Overall pooled RR 0.83 (0.68, 1.00) 100.0

0.2 0.5 1.0 2.0 5.0

Relative risk of total mortality due to
fish or fish oil intake in randomized trials

Randomized trial
Relative risk
(95% CI) % Weight

Figure 3: The effect of fish or fish oil intake on total
mortality in randomized clinical trials. Relative risks and 95%
CIs are shown for each trial; the size of the shaded square indicates
the trial’s contribution (inverse-variance weight) to the pooled
estimate (dotted line) and 95% CI (diamond) determined by random
effects meta-analysis.100 Fish or fish oil intake reduced total mortality
by 17% (pooled RR=0.83, 95% CI, 0.68-1.00, p= 0.046), with
evidence for heterogeneity between trials (p heterogeneity= 0.04).
If two trials with methodologic concerns,38 101 were excluded, the
pooled RR was 0.83 (95% CI, 0.74-0.92, p<0.001) with little evidence
for heterogeneity (p heterogeneity=0.75). A recently reported trial of
fish oil among the Japanese18 was not included in the primary analysis
due to very high fish intake in the reference group (estimated 
EPA + DHA intake 900 mg/d) that would obviate mortality benefits of
additional fish oil intake. When this trial was added to the secondary
analysis, the pooled RR was 0.87 (95% CI, 0.76-0.99, p=0.048;
p heterogeneity=0.29).



Related considerations
Plant sources

Alpha-linolenic acid (ALA, 18:3n-3) is a plant-
derived n-3 fatty acid, present in flaxseed, canola, soy-
beans, and walnuts.90 In humans, ALA is converted to
EPA in only small quantities and further conversion to
DHA is very limited.91 Consumption of ALA (eg, 2-3
g/d) may reduce CV risk92 or improve neurodevelopment,
but benefits are less established compared with EPA +
DHA. Thus, currently, ALA intake should not be consid-
ered a replacement for EPA + DHA intake.

Fish oil supplements

Fish oil capsules are a good source of n-3 PUFAs,
containing 20%-80% EPA + DHA, or 200-800 mg EPA
+ DHA per 1 g capsule.93, 94 Supplemental  doses of fish
oil (2-4 g/d) are needed to achieve significant triglyceride
lowering.63 However, achieving the major clinical CV
benefit – reduction in CHD mortality – appears to require
only modest intake, ~250 mg/d EPA + DHA (Figure 1),
indicating that this benefit is largely unrelated to triglyc-
eride effects (Figure 2). Because dietary n-3 PUFAs
persist in tissue membranes for weeks,95 this can be con-
verted to a weekly EPA+ DHA intake of ~1500-2000 mg,
corresponding to one 3-oz serving/week of farmed salmon,

one 6-oz serving/week of wild salmon or similar oily
fish, or more frequent intake of less n-3 PUFA-rich fish
(Table 2). Compared with supplements, consumption of
fish also provides potentially beneficial protein, vitamin
D, and selenium.90 Thus, dietary fish consumption can be
considered the first line recommendation to prevent CHD
death. Nevertheless, most of the benefit is likely related
to the n-3 PUFAs in fish and, thus, fish oil capsules are a
reasonable alternative for individuals who do not want to
consume oily fish or who wish to ensure adequate regular
intake of EPA+DHA.

Functional foods  

n-3 PUFAs may be added to foods during manufac-
turing (eg, dairy products, eggs, salad dressings), creating
“functional foods.” Many of these foods contain ALA,
rather than EPA + DHA. There may be clinical benefit for
ALA, but it is less clearly established.92 As the number of
functional foods containing EPA + DHA increases, con-
sumption of such foods may provide a reasonable alterna-
tive for individuals not consuming seafood.96

Commercial preparations

Commercially-prepared fried fish from fast food
restaurants or supermarket frozen sections97,98 are often

Table 2: Levels of n-3 fatty acids and contaminants in commonly consumed fish, shellfish, and other foods

EPA + DHA, Selenium, µg/g Mercury, µg/g PCBs, ng/g Dioxins, TEG pg/g
mg per serving (parts per (parts per (parts per (parts per trillion)†

(serving size) million) million) billion)

FDA action level n/a n/a 1.0 2000 none
Fish

Anchovy 1165 (2 oz) 0.68 <0.05 0.35  (1997-98)
Catfish, Farmed 253 (5 oz) 0.15 <0.05 <50 (1997) 0.52  (1995-97) 
Cod, Atlantic 284 (6.3 oz) 0.38 0.10 0.10  (1995-97) 
Fish Burger, Fast Food 337 (2.2 oz) 0.17 <0.05 8  (2001) 0.06  (2001)
Fish Sticks, Frozen 193 (3.2 oz) 0.17 <0.05 0.04 (2001)
Golden bass (tilefish), 1,358 (5.3 oz) 0.52 1.45
Halibut 740 (5.6 oz) 0.47 0.25 1.00  (1995-97)
Herring, Atlantic 1,712 (3 oz) 0.47 <0.05 0.97  (1995-98)
Mackerel, Atlantic 1,059 (3.1 oz) 0.52 0.05 0.60  (1997-98) 
Mackerel, King 618 (5.4 oz) 0.47 0.73
Salmon, Farmed† 4,504 (6 oz) 0.41 <0.05 25* (2001-03) 0.61  (2001-03) 
Salmon, Wild† 1,774 (6 oz) 0.46 <0.05 1.8* (2002) 0.19  (2002) 
Sardines 556  (2 oz) 0.53 <0.05 40 (2001-03) 0.31  (2001-03)
Shark 585  (3 oz) 0.34 0.99
Swordfish 868  (3.7 oz) 0.62 0.98
Trout 581  (2.2 oz) 0.15 0.07 11 (2002) 0.44‡ (2002)   
Tuna, Light (Skipjack)† 228  (3 oz) 0.80 0.12 45  (2001) 0.02  (1995-98) 
Tuna, White (Albacore)† 733  (3 oz) 0.66 0.35 100  (2001-03) 0.23  (2001-03)

Shellfish
Crab 351  (3 oz) 0.40 0.09 6  (2002) 0.55‡ (2002) 
Scallops 310  (3 oz) 0.28 <0.05 0.16 (1998) 
Shrimp 267  (3 oz) 0.40 <0.05 1.1  (2002) 0.09‡ (2002)

Other foods
Beef 0 0.19 0 22 (2001) 0.20 (1995-2001)  
Butter 0 <0.05 0 70  (2001) 0.44 (1995-2001) 
Cheese 0 0.22 0 0.45 (1995-2001)
Chicken 0 0.23 0 32  (2001) 0.11 (1995-2001) 
Eggs 22  (1 egg) 0.23 0 19  (2001) 0.29 (1998-2001) 
Milk 0 0.02 0 0.07 (1995-2001) 

Average values shown (Mozaffarian and Rimm1), which may vary due to methodologic, geographic, temporal, and fish-to-fish differences. Values for
PCBs and dioxins may overestimate current levels because contaminant levels in most foods, including fish species, are decreasing over time (eg, TEQs
decreased by 33%-81% in meats and 66%-77% in salmon and tuna fish between 1995 and 2003102, 103); year of sampling is given in parenthesis.
* Values including the fish skin; levels may be lower in the edible portion.104 

† For the same specific species, there are minimal differences in nutritional or contaminant content of canned vs. fresh salmon or tuna. However, different
species are typically canned vs. sold fresh. For salmon, differences between species are small compared with differences between farmed and wild salmon.
For tuna, canned light (skipjack) tuna and fresh yellowfin/ahi tuna are more similar overall, while canned white (albacore) tuna and fresh bluefin tuna are more
similar overall.

‡ Includes dioxin-like PCBSs. TEQ = Toxic equivalence.
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made using white-meat fish that are lower in n-3
PUFAs.22,97 These fish meals are also often prepared using
partially hydrogenated oils (that contain trans fats) and/or
oils reused for multiple frying cycles (which introduces
oxidative/deteriorative products99). Thus, overall, these
fish meals may have an unfavorable balance of benefit
vs. harm, containing lower amouts of EPA + DHA and
higher amounts of trans fats and deteriorative products.
Higher CV risk seen with fried fish intake16,40,49,52 may
relate to this unfavorable balance of benefit vs. harm or
to residual factors confounding from other lifestyle
factors. Further research is needed; however, it appears
unlikely that intake of commercially-prepared fried fish
meals lowers CV risk.  

Conclusions

Modest consumption of fish, especially species
higher in n-3 PUFAs, reduces the risk of CHD death by
36% (p< 0.001) in observational studies and randomized
clinical trials, and reduces total mortality by 17%
(p< 0.05) in randomized clinical trials. Fish intake may
also favorably affect other clinical outcomes in adults.
Intake of 250 mg/d EPA + DHA appears sufficient for
primary prevention. DHA also appears beneficial for
early neurodevelopment during gestation and infancy.  In
Part 2 of this report, the evidence for the potential health
risks of mercury and PCBs/dioxins is discussed, and the
evidence for both benefits and risks is synthesized to
describe optimal intakes for different populations.
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