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Abstract

Since the 2002 American Heart Association scientific statement “Fish Consumption, Fish Oil,
Omega-3 Fatty Acids, and Cardiovascular Disease,” evidence from observational and experimental
studies and from randomized controlled trials continues to emerge to further substantiate the
beneficial effects of seafood long-chain n-3 polyunsaturated fatty acids and cardiovascular disease.
A recent American Heart Association science advisory addressed the specific effect of n-3
polyunsaturated fatty acid supplementation on clinical cardiovascular events. This American Heart
Association science advisory extends that review and offers further support to include n-3
polyunsaturated fatty acids from seafood consumption. Several potential mechanisms have been
investigated, including antiarrhythmic, anti-inflammatory, hematologic, and endothelial, although
for most, longer-term dietary trials of seafood are warranted to substantiate the benefit of seafood
as a replacement for other important sources of macronutrients. The present science advisory
reviews this evidence and makes a suggestion in the context of the 2015-2020 Dietary Guidelines
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for Americans and in consideration of other constituents of seafood and the impact on
sustainability. We conclude that 1 to 2 seafood meals per week be included to reduce the risk of
congestive heart failure, coronary heart disease, ischemic stroke, and sudden cardiac death,
especially when seafood replaces the intake of less healthy foods.
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In 2002, the American Heart Association (AHA) published a scientific statement on n-3
fatty acids from seafood (including marine and freshwater finfish and shellfish) and
supplements in relation to cardiovascular disease (CVD).! This review included a summary
of observational studies and randomized trials. Also summarized were studies of n-3
polyunsaturated fatty acid (PUFA) intake as assessed with biomarkers in plasma, serum, or
adipose tissue. Since 2002, more evidence has been published about the health benefits and
risks of consuming seafood and supplements, the major sources of n-3 PUFAs. In 2007,
these issues were addressed by the National Academies of Science, Engineering, and
Medicine in Seafood Choices: Balancing Benefits and Risks.2 In 2016, an update of 2004
reviews34 on the topic was released, “Omega-3 Fatty Acids and Cardiovascular Disease: An
Updated Systematic Review,”® conducted under the auspices of the Agency for Healthcare
Research and Quality. An AHA science advisory on the topic of n-3 PUFA supplements,
“Omega-3 Polyunsaturated Fatty Acid (Fish Oil) Supplementation and the Prevention of
Clinical Cardiovascular Disease: A Science Advisory From the American Heart
Association,”® was recently released. The purpose of this AHA science advisory is to
summarize the health effects of seafood and the effects of dietary n-3 PUFAs from seafood
on the primary and secondary prevention of CVD.

The long-chain (LC) n-3 PUFAs, eicosapentaenoic acid (20:5n3) and docosahexaenoic acid
(22:6n3), are the LC n-3 PUFAs most closely associated with lower CVD risk.” More
recently, some evidence has emerged for cardiovascular benefits of circulating or tissue
levels of docosapentaenoic acid (22:5n3), another LC n-3 PUFA present in seafood and
influenced more directly by metabolism.8 The content of LC n-3 PUFASs is variable in
seafood. Cold-water oily fish such as salmon, anchovies, herring, mackerel (Atlantic and
Pacific), tuna (bluefin and albacore), and sardines have the highest levels of LC n-3 PUFAs.
In contrast, shrimp, lobster, scallops, tilapia, and cod have lower levels (Appendix Table
A1).9 Although a growing number of foods such as eggs, peanut butter, orange juice,
margarine, bread, yogurt, and milk are being enriched with LC n-3 PUFAs, seafood remains
the primary dietary source of these fatty acids and is the only class of foods for which there
is a substantial research base that includes hard clinical end points. For this reason, this
science advisory is limited to seafood.

In 2010, the AHA Goals and Metrics Committee of the Strategic Planning Task Force issued
2020 Impact Goals to improve the cardiovascular health of all Americans by 20% while
reducing deaths caused by CVDs and stroke by 20%.10 The dietary goals were framed in the
context of a dietary pattern that is consistent with a DASH (Dietary Approaches to Stop
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Hypertension)-type eating plan and included a specific recommendation to consume at least
1 to 2 fish servings (3.5 oz per serving), preferably oily fish, per week.

This dietary recommendation is consistent with the AHA 2006 Diet and Lifestyle
Recommendation.1! In addition, the 2015-2020 Dietary Guidelines for Americans and the
Scientific Report of the 2015 US Dietary Guidelines Advisory Committee recommend at
least 2 servings per week to provide an average of 250 mg eicosapentaenoic acid plus
docosahexaenoic acid per day in place of other animal sources of protein.12:13 The 2015-
2020 US Dietary Guidelines for Americans provide information about how to incorporate
seafood into the healthy US-style eating pattern and the healthy Mediterranean-style eating
pattern.

In 2012, the average seafood intake in the United States was ~1.3 servings per week, a
modest increase from 1.1 servings per week in 1999 but still well below the current
recommendations.14 In 2015, the top 5 species of seafood consumed in the United States
were shrimp (4.0 Ib per capita per year), salmon (2.9 Ib per capita per year), canned tuna
(2.2 Ib per capita per year), tilapia (1.4 Ib per capita per year), and pollock (1.0 Ib per capita
per year).1®> The LC n-3 PUFA content for commonly consumed seafood species is available
in the US Department of Agriculture—Agricultural Research Service National Nutrient
Database for Standard Reference, release 2816 (abstracted from the Dietary Guidelines for
Americans, 201(P and summarized for common species in Appendix Table A1). One fatty
fish serving per week (4 0z) such as salmon provides the recommended daily intake of LC
n-3 PUFAs (~250 mg/d), whereas multiple servings of lean fish such as cod are required to
achieve the recommended intake.

In the following sections, we summarize the available evidence on the effects of LC n-3
PUFAs from seafood on cardiovascular health. We selected those clinical markers,
conditions, and hard clinical outcomes that have the greatest CVD health impact in the
United States and for which LC n-3 PUFASs from seafood could provide the greatest
opportunity for the prevention of CVD.

SEAFOOD AND PROPOSED INTERMEDIATE MARKERS OF CVD RISK

LC n-3 PUFAs are incorporated into the phospholipids of cellular membranes and have a
wide range of demonstrated physiological effects. Seafood-derived LC n-3 PUFAS have
electrophysiological effects such as favorable changes to cardiac ion channel function, p-
adrenergic and other receptors, cell signaling pathways, and gap junction communication, as
well as increased membrane fluidity.1718 Greater consumption of seafood has also been
associated with other electrophysiological indexes, including lower heart rate, slower
atrioventricular conduction, lower likelihood of abnormal repolarization (prolonged QT),
and optimal values of several heart rate variability components. These effects are associated
with a lower risk of developing ventricular arrhythmias'920 and sudden cardiac death.?!

Increased dietary LC n-3 PUFA intake has been shown to enhance arterial elasticity by
increasing endothelium-derived vasodilators,22 including nitric oxide, 3-series prostacyclin,
and endothelium-dependent hyperpolarizing factor.23 Flow-mediated dilation is a measure of
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brachial artery after shear stress that induces nitric oxide—dependent responses and resultant
vasodilatation.?4 Low flow-mediated dilation of the brachial artery is predictive of
endothelial dysfunction in the coronary arteries?® and is thought to be an early predictor of
the onset of symptomatic coronary heart disease (CHD).2% A recent meta-analysis of 16
randomized controlled trials concluded that LC n-3 PUFA supplementation, mainly in
capsule form, significantly improved endothelial function. Whether similar effects could be
achieved at levels of LC n-3 PUFAs from dietary sources has yet to be determined,2’
although observational studies have found concordant associations between dietary intake of
LC n-3 PUFAs from nonfried seafood and biomarkers of endothelial activation and
inflammation, specifically C-reactive protein, interleukin-6, and matrix metalloproteinase.28
LC n-3 PUFAs may exert transcriptional control of several endothelial proinflammatory
genes, including those that code for endothelium adhesion molecules and cytokines.2
Patients with diagnosed CHD fed diets high in LC n-3 PUFAs (salmon) had increased
plasma LC n-3 PUFA levels and decreased vascular adhesion molecule-1, interleukin-6, and
tumor necrosis factor-a. markers, as well as serum triglyceride concentrations.3? Other novel
mediators resulting from LC n-3 PUFA supplementation include resolvins and protectins,
and they may provide additional anti-inflammatory actions,3! although evidence is lacking
on such effects of LC n-3 PUFAs from seafood intake.

Seafood has been reported to have a cardioprotective effect on platelet-monocyte
aggregation, a sensitive marker of platelet activation associated with the initiation and
progression of atherothrombosis.32 A correlation between LC n-3 PUFA intake and lower
atherosclerotic plaques and arterial stiffness has been observed in multiple cohorts, including
the ARIC study (Atherosclerosis Risk In Communities) and the Rotterdam Study.33-35

Dietary LC n-3 PUFAs from fish have been shown to reduce serum triglyceride
concentrations in hypertriglyceridemic individuals,3® likely as a result of increased clearance
and decreased hepatic very low-density lipoprotein production rates.23 Fatty fish intake has
been reported to increase high-density lipoprotein particle size in subjects with coronary
artery disease.3” These effects are consistent with findings of randomized trials of LC n-3
PUFAs from supplements.

BLOOD PRESSURE

The biological effects of seafood on blood pressure are thought to be the result of the
vasodilatory effects of prostaglandin metabolites of LC n-3 PUFAs, primarily from fish oil.
To date, a large number of trials have demonstrated blood pressure—lowering effects of fish
oil supplements in individuals with and without hypertension. Fewer trials have examined
the blood pressure effects of seafood or other foods rich in LC n-3 PUFAs. In a recent meta-
analysis of LC n-3 PUFAs from both supplements and food, Miller and colleagues38
identified 70 trials with 93 intervention contrasts, 11 of which examined the short-term (<2
months) effects of foods rich in fish oil (seafood and foods enriched with fish oil together).
None of the 6 trials that tested the effect of seafood significantly lowered blood pressure
(Table 1),39-43 and the overall effect was nonsignificant.
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In sum, the available evidence is consistent with a beneficial role of dietary LC n-3 PUFAs
on triglycerides, cardiac electrophysiology, endothelial function, and possibly blood pressure
and inflammation, although the evidence for each of these end points is more limited for
dietary as opposed to supplement sources. Larger well-controlled clinical trials of longer
duration are warranted.

SUDDEN CARDIAC DEATH

Diets high in seafood have been more strongly associated with lower risk of fatal than
nonfatal CHD events. For example, in the Physicians’ Health Study, there was no significant
relationship between dietary n-3 intake or blood n-3 PUFA levels and nonfatal myocardial
infarction, despite the strong inverse association with sudden cardiac death.** Similar
findings have been seen in multiple other prospective cohorts. This observation was
attributed in part to the antiarrhythmic properties of the LC n-3 PUFAs. Higher seafood
intakes have been associated with greater myocyte electric stability,** reduced vulnerability
to fatal and nonfatal ventricular arrhythmias,*>46 lower heart rate, and improved heart rate
variability, each of which is a risk factor for arrhythmic cardiac death.

In healthy adults from other US-based population studies, seafood or LC n-3 PUFA intake
was associated with lower sudden cardiac death risk.2147-49 In general, there is a dose-
response association between very low to moderate intake and lower risk of sudden cardiac
death but not between moderate and much higher intake. Consuming =1 to 2 fatty fish meals
per week is associated with a 50% lower risk of sudden cardiac death compared with little or
no seafood intake after adjustment for potentially confounding factors.47:48 In most studies,
no further reduction was reported with higher intake. Like CHD, the benefits of LC n-3
PUFA intake on sudden cardiac death may depend on the choice of seafood and the
preparation method. Compared with <1 serving per month, consumption of =3 servings per
week of seafood (not breaded or fried) was associated with a 68% lower risk of sudden
cardiac death.! In contrast, fried fish was not associated with a lower risk of sudden cardiac
death.50 The excess risk in this study may be the result of the consumption of commercially
prepared seafood breaded and deep-fried in partially hydrogenated oils containing #rans fat
and the low content of LC n-3 PUFAs in fried fish (typically white fish).

In contrast to studies conducted in the United States, higher seafood and LC n-3 PUFA
intakes have not been associated with a lower risk of sudden cardiac death in Japanese
populations.>152 In Japan, the background dietary seafood intake is 3 to 4 times higher than
in the United States,?® and 95% of adults eat seafood >1 time per week.>* Hence, the lowest
median quintile of LC n-3 PUFA intake is above the median of intake from US-based
studies. Taken together, this evidence suggests that for apparently healthy individuals, the
association between LC n-3 PUFAs from seafood and risk of sudden cardiac death is not
linear but rather has a threshold effect. Modest consumption of seafood (~1-2 servings per
week) is associated with lower rates of sudden cardiac death compared with little or no
seafood intake, and there is little additional benefit in risk reduction with a higher intake.
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CONGESTIVE HEART FAILURE

Only a few prospective cohort studies have examined the association between seafood intake
and risk of congestive heart failure, with heterogeneity in findings. Cardiovascular Health
Study investigators reported a lower risk of heart failure with higher intakes of dietary LC
n-3 PUFAs.5° These findings have been confirmed in some56:57 but not all cohort studies.
58-60 The Rotterdam Study®® and the Cohort of Swedish Men> found no significant
association between seafood consumption and the incidence of congestive heart failure. Four
other large cohorts®®57:59 reported an association between frequent consumption of seafood
and a lower risk of heart failure (Table 2). Data from the Cardiovascular Health Study®® and
Women’s Health Initiative®® suggest that in contrast to baked or broiled seafood, fried
seafood is associated with a higher risk of congestive heart failure. These data are consistent
with the Physicians’ Health Study, which showed a positive graded association between the
frequency of fried food consumption and the risk of congestive heart failure.61 If the positive
association with fried seafood is causal, it suggests that the true effect size estimated for total
seafood intake with congestive heart failure risk might be underestimated in studies that fail
to account for preparation methods.

Few studies have used biomarkers of LC n-3 PUFASs to examine potential relationships with
congestive heart failure. Although 1 study found no association,®0 2 prospective cohorts62:63
reported a significantly lower risk of heart failure in a comparison of the highest and lowest
categories of serum or phospholipid eicosapentaenoic acid and docosahexaenoic acid.

There have been no randomized clinical trials of seafood and incident congestive heart
failure, but evidence summarized in a recent AHA advisory report, “Omega-3
Polyunsaturated Fatty Acid (Fish Oil) Supplementation and the Prevention of Clinical
Cardiovascular Disease,” suggests that patients with congestive heart failure with reduced
ejection fraction may benefit from LC n-3 PUFA supplementation to lower their risk of
congestive heart failure—related hospitalizations and death.6 No data are available on LC n-3
PUFAs from dietary sources and CVVD outcomes in patients with congestive heart failure.

CORONARY HEART DISEASE

Individual large prospective studies and several systematic reviews and meta-analyses have
reported inverse associations between seafood and dietary LC n-3 PUFAs and the risk of
incident CHD among healthy populations.>64 In a systematic review restricted only to those
studies in which participants reported seafood intake, participants who consumed seafood >4
times a week had a 22% lower risk of CHD compared with participants who consumed
seafood less than once a month.54 Restricting results to only the highest-quality prospective
studies did not appreciably change the risk estimates. The benefit for seafood consumption
(compared with nonconsumption) remained significant at levels of 1 to 4 servings per
month. In a recent Agency for Healthcare Research and Quality review of prospective
observational studies, mixed results were identified between individual LC n-3 PUFAs or
total LC n-3 PUFAs and incident CHD.> An overall summary estimate across a wide range
of intake was not significant. When a spline knot was added to separate lower and higher
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intake, the inverse dose response was stronger but was not significant in the 100- to 400-
mg/d range.

Systematic reviews of seafood intake and CHD risk have several strengths but also important
limitations. Most important, they allow the calculation of pooled risk estimates with tighter
overall confidence intervals across a broader range of intake than any 1 individual study
estimate. In addition, recent efforts have established strict guidelines for undertaking these
reviews; inclusion and exclusion criteria are predefined, and measures of quality and
publication bias are required. Limitations should also be noted, especially for meta-analyses
of a dietary component such as seafood.5 First, meta-analyses usually rely on published
categories of intake that are not identical across studies. This error is exacerbated by
differences in the quality of the dietary assessment tool to quantify intake accurately.
Furthermore, few studies use identical definitions of fatal and nonfatal CHD, which is
particularly important for seafood because of the suggested benefit for sudden cardiac death
and possibly congestive heart failure versus other CVD end points. Meta-analyses also
generally cannot capture the potential effects of food substitution in the diet.55 An
individual’s risk of CHD would be substantially lowered if he or she increased seafood
consumption to 2 meals per week by substituting seafood for processed meat, but the
estimated risk reduction may be substantially less (or not at all) if the 2 seafood meals per
week were substituted for healthy vegetarian meals. In a recent analysis of 2 large US
cohorts, substitution of 3% of total protein calories in processed meat with 3% of total
protein calories from seafood was associated with 31% lower risk of cardiovascular
mortality.56 Future individual studies and systematic reviews should consider using
substitution models as a more precise method to estimate risks and benefits of seafood
consumption in relation to specific alternatives.

In summary, since the 2002 AHA scientific advisory on seafood intake and CHD,! a
growing body of literature, mostly from prospective cohort studies, supports the conclusion
that seafood intake or dietary intake of LC n-3 PUFAs is associated with a modestly lower
risk of CHD. The benefit is likely greatest when an individual increases intake from 0
seafood meals per week to 1 to 2 seafood meals a week and could be greater if seafood
replaces the intake of unhealthy foods.

Although initial cohort studies focused on the associations between seafood intake and LC
n-3 PUFA intake and total stroke,67:68 studies since the 2002 AHA statement on seafood
intake and CVD have examined the associations with ischemic stroke and hemorrhagic
stroke separately. Results from the Nurses’ Health Study and Health Professionals Follow-
up Study indicate that intake of seafood was associated with a lower risk of thrombotic
(ischemic) stroke but not with (either a lower or higher) risk of hemorrhagic stroke.89.70 In
the Cardiovascular Health Study, consumption of tuna or other broiled and baked fish was
associated with a 40% lower risk of ischemic stroke among older adults; however, intake of
fried fish or fish sandwiches was associated with a higher risk of ischemic stroke.%9 Whether
the type of fish (lean fish low in n-3 PUFAS) or the method of preparation (frying in partially
hydrogenated oils) accounted for this difference could not be determined. The association of
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seafood intake and stroke mortality was examined in a combined analysis of 2 large cohort
studies of men and women of Chinese ancestry. In that analysis, the risk of mortality from
ischemic stroke was lower among those who consumed saltwater fish and had a higher
intake of LC n-3 PUFAs.”!

This was further summarized in a recent meta-analysis of cohort studies that suggested that
compared with no or infrequent consumption of seafood, consumption of 1 serving of
seafood a week was associated with a 14% lower risk of ischemic stroke with little or no
association with hemorrhagic stroke.”? Taken together, evidence from prospective studies
supports the incorporation of regular seafood consumption to lower the risk of ischemic
stroke.

SECONDARY PREVENTION OF CVD

A number of prospective observational studies have evaluated how seafood LC n-3 PUFAS,
assessed largely with circulating biomarker levels, are associated with recurrent events
among patients with prevalent CHD (Table 3).53.73-80 Clinical end points varied from all-
cause mortality to cardiac death to major adverse cardiovascular events. Most of these
studies were small, typically with <100 and often <50 events. The heterogeneity in the end
points evaluated, covariates, and methods for categorizing exposure (eg, quartiles, tertiles,
continuously) makes it difficult to directly compare the findings across these studies.
Generally, all studies suggested a trend for inverse associations between total
eicosapentaenoic acid or docosahexaenoic acid intake (diet and supplements) and risk of
recurrent events, although these relationships were not statistically significant.

A randomized trial®1:82 evaluated whether advice to consume fish reduces CHD in male
patients with prevalent disease. This was an open-label, dietary advice trial in the United
Kingdom. Men (n=2033) with recent myocardial infarction (mean, ~1.5 months) were
randomized in factorial fashion to advice to eat 2 servings of fatty fish per week, to reduce
total fat to <30% calories and increase the ratio of polyunsaturated to saturated fat to 1.0, or
to increase cereal fiber to 18 g/d.81 Approximately 20% of the subjects randomized to fish
advice chose to take fish oil instead (1.5 g/d). After 2 years, compared with the control
group, no significant effects were seen in the dietary fat or cereal fiber groups. Patients
randomized to fish advice experienced significantly lower total mortality (relative risk [RR],
0.73; 95% confidence interval [CI], 0.56-0.95) and CHD mortality (RR, 0.68; 95% ClI,
0.51-0.91). A follow-up 15 years after the trial was completed found that participants who
were still alive and initially randomized to fish advice reported still eating more fish, albeit
much less.

DART 2 (Diet and Reinfarction Trial 2) recruited men with presumed stable angina based on
physician impression and prescription without requiring electrocardiographic, stress
exercise, imaging, or angiographic confirmation.82 This trial likely was composed of a
mixed population, including some with clinical angina and others with angina-like
conditions (eg, esophageal spasm, heartburn, musculoskeletal discomfort). Patients were
randomized in a factorial design to consume >2 oily fish servings per week or 4 to 5
servings of fruits and nonstarchy vegetables per day, 1 serving of orange juice per day, and
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oats (servings not specified). There was also a control group receiving “sensible eating”
advice (details not specified). About one third of the subjects randomized to fish advice
chose to take fish oil instead (3 g/d). After 3 to 9 years, control subjects provided sensible
eating advice experienced outcomes similar to or better than those of either intervention
group. In post hoc analyses, subjects who chose to take fish oil rather than to eat fish had a
higher risk of cardiac death and sudden death. Several design and implementation
limitations (Table 3) make it difficult to interpret the findings of this trial.

INTERACTION WITH N-6 PUFA AND MERCURY
Interaction With n-6 PUFA

Mercury

Concerns have been raised that high n-6 PUFA intake may attenuate the health benefits of
seafood-derived LC n-3 PUFAs. Several prospective studies have addressed this issue and
found no significant evidence of an interaction between n-3 and n-6 PUFA intake. In the
Health Professionals Follow-up Study, 2250 mg/d of n-3 PUFA was associated with a 40%
to 50% lower risk of sudden cardiac death in men with either low (RR, 0.52; 95% ClI, 0.34—
0.79) or high (RR, 0.60; 95% ClI, 0.39-0.93) n-6 PUFA intake (2 for interaction=0.13).83 In
the Nurses’ Health Study, women in the highest tertile of both dietary n-6 and n-3 PUFA
intake had a 54% lower risk of sudden cardiac death compared with women in the lowest
tertile of both PUFAs (RR,0.46; 95% Cl, 0.32-0.64; P for interaction=0.82).21

Certain species of large predatory fish (shark, swordfish, tilefish [golden bass], king
mackerel, bigeye tuna, marlin, and orange roughy)84 are a significant source of
methylmercury, which may have neurotoxic effects in the fetus®® and reduce cognition in
young children.88 The existing evidence does not support significant adverse effects of
mercury on CVD end points. Hair and toenail mercury levels are the best long-term
integrated biological markers for intake of mercury,37:88 whereas blood levels are more
indicative of recent mercury ingestion. In 2 large prospective cohorts, higher concentrations
of mercury in toenails were not associated with a higher risk of hypertension or CVD,89.90
In a Finnish study of 1857 men and 91 sudden cardiac death events, a 0.5% increase in
blood LC n-3 PUFASs was associated with a 23% lower risk of sudden cardiac death among
men with low hair mercury (RR, 0.77; 95% CI, 0.64-0.93) but no significant effect among
men with high hair mercury (RR, 1.02; 95% CI, 0.95-1.09; Pfor interaction=0.01).%1 If
mercury in fish has an unfavorable effect on CVD risk, the available evidence suggests that
the benefits of 1 to 2 servings a week outweigh the risks, especially if a variety of seafood
are consumed.

TRIMETHYLAMINE N-OXIDE

Recently, concern has been raised about fish as a source of dietary trimethylamine N-oxide
(TMAO) or its precursors®? with respect to potential paradoxical adverse effects on CVD
risk. Supporting data come mostly from secondary prevention studies that suggest that
elevated blood levels of TMAOQ increase CVD risk.93 Similar concerns have been raised
about other sources of TMAO such as dairy, eggs, and red meat. This is an area that should
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be further explored because the potential for diet to affect circulating TMAQ is further
complicated by differences in TMAQ levels by species of fish and in other foods and the
complex role that the composition of gut bacteria could have on metabolizing dietary
sources of L-carnitine, choline, and betaine to produce TMAQ.%4.95

SUSTAINABILITY

Farmed Fish

The recent 2015 US Dietary Guidelines Scientific Advisory Report (2015 Dietary
Guidelines Advisory Committeel3) directly addressed environmental sustainability of
dietary guidelines for greater consumption of LC n-3 PUFAs from seafood. For some
species such as salmon or trout, LC n-3 PUFA levels are higher in farm-raised species,
whereas other low-trophic fish such as catfish or crawfish have lower LC n-3 PUFAs,12.13.16
The capture of wild-caught species has leveled off worldwide, but the productivity of
worldwide aquaculture (farmed fish) continues to grow.9¢ This growth in production should
be monitored to ensure that farming systems are sustainable and environmentally appropriate
and that their fish have LC n-3 PUFA content similar to that of wild-caught fish. It is
important to note that the AHA recommendations to consume on average 250 mg/d is
sustainable and can be met by consuming fish 1 to 2 times per week, including farmed fish,
13 in place of other animal protein sources.12 Increased seafood intake can be achieved by
choosing a wide variety of seafood that includes oily fish harvested from diverse geographic
locations.

CONCLUSIONS

A large body of evidence supports the recommendation to consume nonfried seafood,
especially species higher in LC n-3 fatty acids, 1 to 2 times per week for cardiovascular
benefits, including reduced risk of cardiac death, CHD, and ischemic stroke. Evidence is
more limited for congestive heart failure and mixed for blood pressure because of limited
data. A greater seafood intake is generally not associated with either further benefit or harm.
In addition to the primary CVD benefits of LC n-3 PUFA, inclusion of seafood may result in
the displacement of other less healthy foods. This summary is consistent with the AHA 2020
Impact Goals to include seafood as part of the healthy dietary pattern goals®’ and the 2015
AHA Diet and Lifestyle recommendations.®8 In the 2015-2020 Dietary Guidelines for
Americans'? and the associated 2015 Dietary Guidelines Advisory Committee Report,3 8
oz of seafood or 2 servings per week can be sustainable and environmentally friendly and is
recommended as a good source of protein, vitamin D, vitamin Bq,, and LC n-3 PUFAs. The
2015-2020 Dietary Guidelines for Americans include seafood as a component of the healthy
US diet, the DASH diet, and the Mediterranean diet. Others such as the Nordic diet, the
Prudent diet, and the Alternative Healthy Eating Index also have seafood recommendations
(or LC n-3 PUFAS), and all have been consistently linked to lower risk of CHD. In sum, the
current scientific evidence strongly supports the recommendation that seafood be an integral
component of a heart-healthy dietary pattern.
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APPENDIX

Seafood Long-Chain Polyunsaturated Fatty Acid Composition of Commonly Consumed

Seafood Varieties

Table A1l.

Common Seafood Varieties

EPA+DHA, mg/4 oz

Salmon: Atlantic, Chinook, coho 1200-2400
Anchovies, herring, and shad 2300-2400
Mackerel: Atlantic and Pacific (not king) 1350-2100
Tuna: bluefin and albacore 1700
Sardines: Atlantic and Pacific 1100-1600
Oysters: Pacific 1550
Trout: freshwater 1000-1100
Tuna: white (albacore) canned 1000
Mussels: blue 900
Salmon: pink and sockeye 700-900
Squid 750
Pollock: Atlantic and walleye 600
Crab: blue, king, snow, queen, and Dungeness 200-550
Tuna: skipjack and yellowfin 150-350
Flounder, plaice, and sole 350
Clams 200-300
Tuna: light canned 150-300
Catfish 100-250
Cod: Atlantic and Pacific 200
Scallops: bay and sea 200
Haddock and hake 200
Lobsters: Northern and American 200
Crayfish 200
Tilapia 150
Shrimp 100
Shark 1250
Tilefish: Gulf of Mexico 1000
Swordfish 1000
Mackerel: king 450
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DHA indicates docosahexaenoic acid; and EPA, eicosapentaenoic acid. Abstracted from the 2010 US dietary guidelines

report.?

Disclosures

Writing Group Disclosures

Writing Other Speakers’
Group Research Research Bureau/ Expert | Ownership Consultant/
Member Employment Grant Support | Honoraria | Witness Interest Advisory Board Other
Eric B. Harvard T.H. None None None None None IKEA*; Culinary None
Rimm Chan School of Institutg of
Public Health America ; CLO
Health Inc
Alice H. Tufts None None None None None None None
Lichtenstein | University, Jean
Mayer USDA
Human
Nutrition
Research
Center on
Aging
Lawrence J. Johns Hopkins None None None None None None None
Appel University
Stephanie Harvard T.H. None None None None None None AbbVie,
E. Chiuve Chan School of Inc
Public Health;
Shire
Pharmaceuticals
Luc Brigham and Amarin None None None None None None
Djoussé Women’s Pharma Inc
Hospital (Plonan
investigator-
initiated
pilot trial of
EPA on
endothelial
function
among
people with
type 2
diabetes;
received
EPA
capsules for
the pilot
trial a
well)/;
Merck (P1
on
investigator-
initiate
grant)
Mary B. NIH/NINR, None None None None None None None
Engler DIR
Penny M. Pennsylvania None None None None None Seafood Nutrition None
Kris- State University Partnershi
Etherton (unpaid)
Dariush Tufts University NIH/ None None None None Pollock None
Mozaffarian Friedman NHLBI 7 Communications
School of
Nutrition
Science &
Policy

Circulation. Author manuscript; available in PMC 2019 December 10.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Page 13

Writing Other Speakers’
Group Research Research Bureau/ Expert | Ownership Consultant/
Member Employment Grant Support | Honoraria | Witness Interest Advisory Board Other
David S. New York None None None None None None None
Siscovick Academy of

Medicine

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived
conflicts of interest as reported on the Disclosure Questionnaire, which all members of the writing group are required to
complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more during any
12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or
share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be
“modest” if it is less than “significant” under the preceding definition.

*
Modest.

fSignificant.

Reviewer Disclosures

Other Speakers’ Consultant/
Research | Research Bureau/ Expert | Ownership Advisory
Reviewer | Employment Grant Support | Honoraria | Witness Interest Board Other
Masoud Erasmus None None None None None None None
Amiri Medical
Center,
Rotterdam
(the
Netherlands)
Kevin P. Virginia None None None None None None None
Davy Polytechnic
Institute and
State
University
Angela University of None None None None None None None
M. British
Devlin Columbia
(Canada)

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of
interest as reported on the Disclosure Questionnaire, which all reviewers are required to complete and submit. A
relationship is considered to be “significant” if (a) the person receives $10 000 or more during any 12-month period, or 5%
or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than
“significant” under the preceding definition.

REFERENCES

1. Kris-Etherton PM, Harris WS, Appel LJ; American Heart Association, Nutrition Committee. Fish
consumption, fish oil, omega-3 fatty acids, and cardiovascular disease. Circulation. 2002;106:2747—
2757. doi: 10.1161/01.CIR.0000038493.65177.94. [PubMed: 12438303]

2. National Academies of Science, Engineering, and Medicine Seafood Choices: Balancing Benefits
and Risks. Washington, DC: Institute of Medicine; 2007.

3. Balk E, Chung M, Lichtenstein AH, Chew P, Kupelnick B, Lawrence A, DeVine D, Lau J. Effects of
omega-3 fatty acids on cardiovascular risk factors and intermediate markers of cardiovascular
disease. Evid Rep Technol Assess (Summ). 2004:1-6.

4. Wang C, Chung M, Lichtenstein AH, Balk E, Kupelnick B, DeVine D, Lawrence A, Lau J. Effects
of omega-3 fatty acids on cardiovascular disease. Evid Rep Technol Assess (Summ). 2004:1-8.

5. Balk EM, Adam GP, Langberg V, Halladay C, Chung M, Lin L, Robertson S, Yip A, Steele D,
Smith BT, Lau J, Lichtenstein AH, Trikalinos TA. Omega-3 fatty acids and cardiovascular disease:
an updated systematic review. Rockville, MD: Agency for Healthcare Research and Quality; 8 2016

Circulation. Author manuscript; available in PMC 2019 December 10.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimm et al.

Page 14

Assessment No. 223 (prepared by the Brown Evidence-Based Practice Center under contract 290—
2015-00002-1); Agency for Healthcare Research and Quality, Publication No. 16-E002-EF.

6. Siscovick DS, Barringer TA, Fretts AM, Wu JH, Lichtenstein AH, Costello RB, Kris-Etherton PM,

9.

10

11.

12.

13.

14.

15.

16.

17.

Jacobson TA, Engler MB, Alger HM, Appel LJ, Mozaffarian D; on behalf of the American Heart
Association Nutrition Committee of the Council on Lifestyle and Cardiometabolic Health; Council
on Epidemiology and Prevention; Council on Cardiovascular Disease in the Young; Council on
Cardiovascular and Stroke Nursing; and Council on Clinical Cardiology. Omega-3 polyunsaturated
fatty acid (fish oil) supplementation and the prevention of clinical cardiovascular disease: a science
advisory from the American Heart Association. Circulation. 2017;135:e867-€884. doi: 10.1161/
CIR.0000000000000482. [PubMed: 28289069]

. Nestel P, Clifton P, Colquhoun D, Noakes M, Mori TA, Sullivan D, Thomas B. Indications for

omega-3 long chain polyunsaturated fatty acid in the prevention and treatment of cardiovascular
disease. Heart Lung Circ. 2015;24:769-779. doi: 10.1016/j.hlc.2015.03.020. [PubMed: 25936871]

. Del Gobbo LC, Imamura F, Aslibekyan S, Marklund M, Virtanen JK, Wennberg M, Yakoob MY,

Chiuve SE, Dela Cruz L, Frazier-Wood AC, Fretts AM, Guallar E, Matsumoto C, Prem K, Tanaka

T, Wu JH, Zhou X, Helmer C, Ingelsson E, Yuan JM, Barberger-Gateau P, Campos H, Chaves PH,

Djoussé L, Giles GG, Gomez-Aracena J, Hodge AM, Hu FB, Jansson JH, Johansson |, Khaw KT,

Koh WP, Lemaitre RN, Lind L, Luben RN, Rimm EB, Risérus U, Samieri C, Franks PW, Siscovick

DS, Stampfer M, Steffen LM, Steffen BT, Tsai MY, van Dam RM, Voutilainen S, Willett WC,

Woodward M, Mozaffarian D; Cohorts for Heart and Aging Research in Genomic Epidemiology

(CHARGE) Fatty Acids and Outcomes Research Consortium (FORCe). w—3 Polyunsaturated fatty

acid biomarkers and coronary heart disease: pooling project of 19 cohort studies. JAMA Intern Med.

2016;176:1155-1166. doi: 10.1001/jamainternmed.2016.2925. [PubMed: 27357102]

US Department of Agriculture and US Department of Health and Human Services. Dietary

Guidelines for Americans, 2010. 7th ed Washington, DC: US Government Printing Office; 2010.

. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, Greenlund K,
Daniels S, Nichol G, Tomaselli GF, Arnett DK, Fonarow GC, Ho PM, Lauer MS, Masoudi FA,
Robertson RM, Roger V, Schwamm LH, Sorlie P, Yancy CW, Rosamond WD; on behalf of the
American Heart Association Strategic Planning Task Force and Statistics Committee. Defining and
setting national goals for cardiovascular health promotion and disease reduction: the American
Heart Association’s strategic Impact Goal through 2020 and beyond. Circulation. 2010;121:586—
613. doi:10.1161/CIRCULATIONAHA.109.192703. [PubMed: 20089546]

Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch HA, Franklin B, Kris-
Etherton P, Harris WS, Howard B, Karanja N, Lefevre M, Rudel L, Sacks F, Van Horn L, Winston
M, Wylie-Rosett J. Diet and lifestyle recommendations revision 2006: a scientific statement from
the American Heart Association Nutrition Committee [published corrections appear in Circulation.
2006;114:e27 and Circulation. 2006;114:e629]. Circulation. 2006;114:82-96. doi: 10.1161/
CIRCULATIONAHA.106.176158. [PubMed: 16785338]

US Department of Health and Human Services and US Department of Agriculture. 2015-2020
Dietary Guidelines for Americans. 8th ed Washington, DC: US Government Printing Office; 2015.
US Department of Agriculture and US Department of Health and Human Services. Scientific
Report of the 2015 US Dietary Guidelines Advisory Committee. Washington, DC: US
Government Printing Office; 2015.

Rehm CD, Pefialvo JL, Afshin A, Mozaffarian D. Dietary intake among US adults, 1999-2012.
JAMA. 2016;315:2542-2553. doi: 10.1001/jama.2016.7491. [PubMed: 27327801]

National Fisheries Institute. About seafood: top 10 list for seafood consumption. 2017 https://
www.aboutseafood.com/about/top-ten-list-forseafood-consumption/ Accessed April 2, 2018.

US Department of Agriculture—Agricultural Research Service. National Nutrient Database for
Standard Reference, release 28. https://ndb.nal.usda.gov/ndb/ Accessed April 2, 2018.

London B, Albert C, Anderson ME, Giles WR, Van Wagoner DR, Balk E, Billman GE, Chung M,
Lands W, Leaf A, McAnulty J, Martens JR, Costello RB, Lathrop DA. Omega-3 fatty acids and
cardiac arrhythmias: prior studies and recommendations for future research: a report from the
National Heart, Lung, and Blood Institute and Office of Dietary Supplements Omega-3 Fatty
Acids and Their Role in Cardiac Arrhythmogenesis Workshop. Circulation. 2007;116:e320-e335.
doi: 10.1161/CIRCULATIONAHA.107.712984. [PubMed: 17768297]

Circulation. Author manuscript; available in PMC 2019 December 10.


https://www.aboutseafood.com/about/top-ten-list-forseafood-consumption/
https://www.aboutseafood.com/about/top-ten-list-forseafood-consumption/
https://ndb.nal.usda.gov/ndb/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimm et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 15

McLennan PL, Abeywardena MY. Membrane basis for fish oil effects on the heart: linking natural
hibernators to prevention of human sudden cardiac death. J Membr Biol. 2005;206:85-102. doi:
10.1007/s00232-005-0787-y. [PubMed: 16456720]

Mozaffarian D, Prineas RJ, Stein PK, Siscovick DS. Dietary fish and n-3 fatty acid intake and
cardiac electrocardiographic parameters in humans. J Am Coll Cardiol. 2006;48:478-484. doi:
10.1016/j.jacc.2006.03.048. [PubMed: 16875972]

Mozaffarian D, Stein PK, Prineas RJ, Siscovick DS. Dietary fish and omega-3 fatty acid
consumption and heart rate variability in US adults. Circulation. 2008;117:1130-1137. doi:
10.1161/CIRCULATIONAHA.107.732826. [PubMed: 18285566]

Chiuve SE, Rimm EB, Sandhu RK, Bernstein AM, Rexrode KM, Manson JE, Willett WC, Albert
CM. Dietary fat quality and risk of sudden cardiac death in women. Am J Clin Nutr. 2012;96:498—
507. doi: 10.3945/ajcn.112.040287. [PubMed: 22854398]

Kinlay S, Creager MA, Fukumoto M, Hikita H, Fang JC, Selwyn AP, Ganz P. Endothelium-derived
nitric oxide regulates arterial elasticity in human arteries in vivo. Hypertension. 2001;38:1049—
1053. [PubMed: 11711496]

Cottin SC, Sanders TA, Hall WL. The differential effects of EPA and DHA on cardiovascular risk
factors. Proc Nutr Soc. 2011;70:215-231. doi: 10.1017/S0029665111000061. [PubMed:
21349231]

Pyke KE, Tschakovsky ME. The relationship between shear stress and flow-mediated dilatation:
implications for the assessment of endothelial function. J Physiol. 2005;568(pt 2):357-369. doi:
10.1113/jphysiol.2005.089755. [PubMed: 16051630]

Takase B, Uehata A, Akima T, Nagai T, Nishioka T, Hamabe A, Satomura K, Ohsuzu F, Kurita A.
Endothelium-dependent flow-mediated vasodilation in coronary and brachial arteries in suspected
coronary artery disease. Am J Cardiol. 1998;82:1535-1539, A7. [PubMed: 9874063]

Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller Ol, Sullivan ID, Lloyd JK,
Deanfield JE. Non-invasive detection of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet. 1992;340:1111-1115. [PubMed: 1359209]

Wang Q, Liang X, Wang L, Lu X, Huang J, Cao J, Li H, Gu D. Effect of omega-3 fatty acids
supplementation on endothelial function: a meta-analysis of randomized controlled trials.
Atherosclerosis. 2012;221:536-543. doi: 10.1016/j.atherosclerosis.2012.01.006. [PubMed:
22317966]

He K, Liu K, Daviglus ML, Jenny NS, Mayer-Davis E, Jiang R, Steffen L, Siscovick D, Tsai M,
Herrington D. Associations of dietary long-chain n-3 polyunsaturated fatty acids and fish with
biomarkers of inflammation and endothelial activation (from the Multi-Ethnic Study of
Atherosclerosis [MESA]). Am J Cardiol. 2009;103:1238-1243. doi: 10.1016/j.amjcard.
2009.01.016. [PubMed: 19406265]

Massaro M, Scoditti E, Carluccio MA, Montinari MR, De Caterina R. Omega-3 fatty acids,
inflammation and angiogenesis: nutrigenomic effects as an explanation for anti-atherogenic and
anti-inflammatory effects of fish and fish oils. J Nutrigenet Nutrigenomics. 2008;1:4-23. doi:
10.1159/000109871. [PubMed: 19918111]

Seierstad SL, Seljeflot I, Johansen O, Hansen R, Haugen M, Rosenlund G, Frgyland L, Arnesen H.
Dietary intake of differently fed salmon; the influence on markers of human atherosclerosis. Eur J
Clin Invest. 2005;35:52-59. doi: 10.1111/j.1365-2362.2005.01443.x.

Balakumar P, Taneja G. Fish oil and vascular endothelial protection: bench to bedside. Free Radic
Biol Med. 2012;53:271-279. doi: 10.1016/j.freeradbiomed.2012.05.005. [PubMed: 22584102]
Din JN, Harding SA, Valerio CJ, Sarma J, Lyall K, Riemersma RA, Newby DE, Flapan AD.
Dietary intervention with oil rich fish reduces platelet-monocyte aggregation in man.
Atherosclerosis. 2008;197:290-296. doi: 10.1016/j.atherosclerosis.2007.04.047. [PubMed:
17575985]

Qureshi G, Brown R, Salciccioli L, Qureshi M, Rizvi S, Farhan S, Lazar J. Relationship between
aortic atherosclerosis and non-invasive measures of arterial stiffness. Atherosclerosis.
2007;195:6190-e194. doi: 10.1016/j.atherosclerosis.2007.06.021. [PubMed: 17678931]

Circulation. Author manuscript; available in PMC 2019 December 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimm et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

Page 16

Riley WA, Evans GW, Sharrett AR, Burke GL, Barnes RW. Variation of common carotid artery
elasticity with intimal-medial thickness: the ARIC Study: Atherosclerosis Risk in Communities.
Ultrasound Med Biol. 1997;23:157-164. [PubMed: 9140173]

van Popele NM, Grobbee DE, Bots ML, Asmar R, Topouchian J, Reneman RS, Hoeks AP, van der
Kuip DA, Hofman A, Witteman JC. Association between arterial stiffness and atherosclerosis: the
Rotterdam Study. Stroke. 2001;32:454-460. [PubMed: 11157182]

Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects on risk factors,
molecular pathways, and clinical events. J Am Coll Cardiol. 2011;58:2047-2067. doi: 10.1016/
j.jacc.2011.06.063. [PubMed: 22051327]

Erkkila AT, Schwab US, Lehto S, de Mello VD, Kangas AJ, Soininen P, AlaKorpela M, Uusitupa
MI. Effect of fatty and lean fish intake on lipoprotein subclasses in subjects with coronary heart
disease: a controlled trial. J Clin Lipidol. 2014;8:126-133. doi: 10.1016/j.jacl.2013.09.007.
[PubMed: 24528693]

Miller PE, Van Elswyk M, Alexander DD. Long-chain omega-3 fatty acids eicosapentaenoic acid
and docosahexaenoic acid and blood pressure: a meta-analysis of randomized controlled trials. Am
J Hypertens. 2014;27:885-896. doi: 10.1093/ajh/hpu024. [PubMed: 24610882]

von Houwelingen R, Nordoy A, van der Beek E, Houtsmuller U, de Metz M, Hornstra G. Effect of
a moderate fish intake on blood pressure, bleeding time, hematology, and clinical chemistry in
healthy males. Am J Clin Nutr. 1987;46:424-436. [PubMed: 3630961]

Cobiac L, Clifton PM, Abbey M, Belling GB, Nestel PJ. Lipid, lipoprotein, and hemostatic effects
of fish vs fish-oil n-3 fatty acids in mildly hyperlipidemic males. Am J Clin Nutr. 1991;53:1210-
1216. [PubMed: 1826986]

Lindqgvist HM, Langkilde AM, Undeland I, Sandberg A-S. Herring (Clupea harengus) intake
influences lipoproteins but not inflammatory and oxidation markers in overweight men. Br J Nutr.
2009;101:383-390. [PubMed: 18634706]

Hallund J, Madsen BO, Bugel SH, Jacobsen C, Jakobsen J, Krarup H, Holm J, Nielsen HH,
Lauritzen L. The effect of farmed trout on cardiovascular risk markers in healthy men. Br J Nutr.
2010;104:1528-1536. [PubMed: 20594395]

Ramel A, Martinez JA, Kiely M, Bandarra NM, Thorsdottir I. Moderate consumption of fatty fish
reduces diastolic blood pressure in overweight and obese European young adults during energy
restriction. Nutrition. 2010;26:168-174. [PubMed: 19487105]

Kang JX, Leaf A. Prevention of fatal cardiac arrhythmias by polyunsaturated fatty acids. Am J Clin
Nutr. 2000;71(suppl):202S-207S. [PubMed: 10617972]

Hinkle LE Jr, Thaler HT. Clinical classification of cardiac deaths. Circulation. 1982;65:457-464.
[PubMed: 7055867]

Albert CM, Chae CU, Grodstein F, Rose LM, Rexrode KM, Ruskin JN, Stampfer MJ, Manson JE.
Prospective study of sudden cardiac death among women in the United States. Circulation.
2003;107:2096-2101. doi: 10.1161/01.CIR.0000065223.21530.11. [PubMed: 12695299]
Siscovick DS, Raghunathan TE, King I, Weinmann S, Wicklund KG, Albright J, Bovbjerg V,
Arbogast P, Smith H, Kushi LH. Dietary intake and cell membrane levels of long-chain n-3
polyunsaturated fatty acids and the risk of primary cardiac arrest. JAMA. 1995;274:1363-1367.
[PubMed: 7563561]

Albert CM, Hennekens CH, O’Donnell CJ, Ajani UA, Carey VJ, Willett WC, Ruskin JN, Manson
JE. Fish consumption and risk of sudden cardiac death. JAMA. 1998;279:23-28. [PubMed:
9424039]

Mozaffarian D, Ascherio A, Hu FB, Stampfer MJ, Willett WC, Siscovick DS, Rimm EB. Interplay
between different polyunsaturated fatty acids and risk of coronary heart disease in men.
Circulation. 2005;111:157-164. doi: 10.1161/01.CIR.0000152099.87287.83. [PubMed: 15630029]
Mozaffarian D, Lemaitre RN, Kuller LH, Burke GL, Tracy RP, Siscovick DS. Cardiac benefits of
fish consumption may depend on the type of fish meal consumed: the Cardiovascular Health
Study. Circulation. 2003;107:1372-1377. [PubMed: 12642356]

Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y, Kokubo Y, Tsugane S; for the JPHC
Study Group. Intake of fish and n3 fatty acids and risk of coronary heart disease among Japanese:

Circulation. Author manuscript; available in PMC 2019 December 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimm et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 17

the Japan Public Health Center-Based (JPHC) Study Cohort I. Circulation. 2006;113:195-202.
doi: 10.1161/CIRCULATIONAHA.105.581355. [PubMed: 16401768]

Yamagishi K, Iso H, Date C, Fukui M, Wakai K, Kikuchi S, Inaba Y, Tanabe N, Tamakoshi A;
Japan Collaborative Cohort Study for Evaluation of Cancer Risk Study Group. Fish, omega-3
polyunsaturated fatty acids, and mortality from cardiovascular diseases in a nationwide
community-based cohort of Japanese men and women: the JACC (Japan Collaborative Cohort
Study for Evaluation of Cancer Risk) Study. J Am Coll Cardiol. 2008;52:988-996. doi: 10.1016/
j.jacc.2008.06.018. [PubMed: 18786479]

Iso H, Sato S, Folsom AR, Shimamoto T, Terao A, Munger RG, Kitamura A, Konishi M, lida M,
Komachi Y. Serum fatty acids and fish intake in rural Japanese, urban Japanese, Japanese
American and Caucasian American men. Int J Epidemiol. 1989;18:374-381. [PubMed: 2767851]

Ministry of Health Labour and Welfare. The National Nutrition Survey in Japan, 2001 In: Health
and Nutrition Information Research Committee. Tokyo, Japan: Daiichi Shuppan; 2003.
Mozaffarian D, Bryson CL, Lemaitre RN, Burke GL, Siscovick DS. Fish intake and risk of
incident heart failure. J Am Coll Cardiol. 2005;45:2015-2021. doi: 10.1016/j.jacc.2005.03.038.
[PubMed: 15963403]

Levitan EB, Wolk A, Mittleman MA. Fish consumption, marine omega-3 fatty acids, and incidence
of heart failure: a population-based prospective study of middle-aged and elderly men. Eur Heart J.
2009;30:1495-1500. doi: 10.1093/eurheartj/ehp111. [PubMed: 19383731]

Levitan EB, Wolk A, Mittleman MA. Fatty fish, marine omega-3 fatty acids and incidence of heart
failure. Eur J Clin Nutr. 2010;64:587-594. doi: 10.1038/ejcn.2010.50. [PubMed: 20332801]

Dijkstra SC, Brouwer 1A, van Rooij FJ, Hofman A, Witteman JC, Geleijnse JM. Intake of very
long chain n-3 fatty acids from fish and the incidence of heart failure: the Rotterdam Study. Eur J
Heart Fail. 2009;11:922-928. doi: 10.1093/eurjhf/hfp126. [PubMed: 19789394]

Belin RJ, Greenland P, Martin L, Oberman A, Tinker L, Robinson J, Larson J, Van Horn L, Lloyd-
Jones D. Fish intake and the risk of incident heart failure: the Women’s Health Initiative. Circ
Heart Fail. 2011;4:404-413. doi: 10.1161/CIRCHEARTFAILURE.110.960450. [PubMed:
21610249]

Wilk JB, Tsai MY, Hanson NQ, Gaziano JM, Djoussé L. Plasma and dietary omega-3 fatty acids,
fish intake, and heart failure risk in the Physicians’ Health Study. Am J Clin Nutr. 2012;96:882—
888. doi: 10.3945/ajcn.112.042671. [PubMed: 22952185]

Djousse L, Petrone AB, Gaziano JM. Consumption of fried foods and risk of heart failure in the
Physicians’ Health Study. J Am Heart Assoc. 2015;4:e001740. doi: 10.1161/JAHA.114.001740.
Mozaffarian D, Lemaitre RN, King IB, Song X, Spiegelman D, Sacks FM, Rimm EB, Siscovick
DS. Circulating long-chain «-3 fatty acids and incidence of congestive heart failure in older
adults: the Cardiovascular Health Study: a cohort study. Ann Intern Med. 2011;155:160-170. doi:
10.7326/0003-4819-155-3-201108020-00006. [PubMed: 21810709]

Hara M, Sakata Y, Nakatani D, Suna S, Usami M, Matsumoto S, Hamasaki T, Doi Y, Nishino M,
Sato H, Kitamura T, Nanto S, Hori M, Komuro I; Osaka Acute Coronary Insufficiency Study
(OACIS) Investigators. Low levels of serum n-3 polyunsaturated fatty acids are associated with
worse heart failure-free survival in patients after acute myocardial infarction. Circ J. 2013;77:153—
162. [PubMed: 23047296]

Leung Yinko SS, Stark KD, Thanassoulis G, Pilote L. Fish consumption and acute coronary
syndrome: a meta-analysis. Am J Med. 2014;127:848-857.e2. doi: 10.1016/j.amjmed.
2014.04.016. [PubMed: 24802020]

Barnard ND, Willett WC, Ding EL. The misuse of meta-analysis in nutrition research. JAMA.
2017;318:1435-1436. doi: 10.1001/jama.2017.12083. [PubMed: 28975260]

Song M, Fung TT, Hu FB, Willett WC, Longo VD, Chan AT, Giovannucci EL. Association of
animal and plant protein intake with all-cause and cause-specific mortality. JAMA Intern Med.
2016;176:1453-1463. doi: 10.1001/jamainternmed.2016.4182. [PubMed: 27479196]

Keli SO, Feskens EJ, Kromhout D. Fish consumption and risk of stroke: the Zutphen Study. Stroke.
1994;25:328-332. [PubMed: 8303739]

Circulation. Author manuscript; available in PMC 2019 December 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimm et al.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 18

Gillum RF, Mussolino ME, Madans JH. The relationship between fish consumption and stroke
incidence: the NHANES | Epidemiologic Follow-up Study (National Health and Nutrition
Examination Survey). Arch Intern Med. 1996;156:537-542. [PubMed: 8604960]

Iso H, Rexrode KM, Stampfer MJ, Manson JE, Colditz GA, Speizer FE, Hennekens CH, Willett
WC. Intake of fish and omega-3 fatty acids and risk of stroke in women. JAMA. 2001;285:304—
312. [PubMed: 11176840]

He K, Rimm EB, Merchant A, Rosner BA, Stampfer MJ, Willett WC, Ascherio A. Fish
consumption and risk of stroke in men. JAMA. 2002;288:3130-3136. [PubMed: 12495393]

Takata Y, Zhang X, Li H, Gao YT, Yang G, Gao J, Cai H, Xiang YB, Zheng W, Shu XO. Fish
intake and risks of total and cause-specific mortality in 2 population-based cohort studies of
134,296 men and women. Am J Epidemiol. 2013;178:46-57. doi: 10.1093/aje/kws584. [PubMed:
23788668]

Xun P, Qin B, Song Y, Nakamura Y, Kurth T, Yaemsiri S, Djousse L, He K. Fish consumption and
risk of stroke and its subtypes: accumulative evidence from a meta-analysis of prospective cohort
studies. Eur J Clin Nutr. 2012;66:1199-1207. doi: 10.1038/ejcn.2012.133. [PubMed: 23031847]
Erkkild AT, Lehto S, Pyoréla K, Uusitupa MI. n-3 Fatty acids and 5-y risks of death and
cardiovascular disease events in patients with coronary artery disease. Am J Clin Nutr.
2003;78:65-71. [PubMed: 12816772]

Aarsetgy H, Ponitz V, Nilsen OB, Grundt H, Harris WS, Nilsen DW. Low levels of cellular
omega-3 increase the risk of ventricular fibrillation during the acute ischaemic phase of a
myocardial infarction. Resuscitation. 2008;78:258-264. doi: 10.1016/j.resuscitation.2008.04.007.
[PubMed: 18556107]

Aarsetoey H, Ponitz V, Grundt H, Staines H, Harris WS, Nilsen DW. (n3) Fatty acid content of red
blood cells does not predict risk of future cardiovascular events following an acute coronary
syndrome. J Nutr. 2009;139:507-513. doi: 10.3945/jn.108.096446. [PubMed: 19158216]

Lee SH, Shin MJ, Kim JS, Ko YG, Kang SM, Choi D, Jang Y, Chung N, Shim WH, Cho SY,
Manabe I, Ha JW. Blood eicosapentaenoic acid and docosahexaenoic acid as predictors of all-
cause mortality in patients with acute myocardial infarction: data from Infarction Prognosis Study
(IPS) Registry. Circ J. 2009;73:2250-2257. [PubMed: 19789416]

Pottala JV, Garg S, Cohen BE, Whooley MA, Harris WS. Blood eicosapentaenoic and
docosahexaenoic acids predict all-cause mortality in patients with stable coronary heart disease:
the Heart and Soul Study. Circ Cardiovasc Qual Outcomes. 2010;3:406—-412. doi: 10.1161/
CIRCOUTCOMES.109.896159. [PubMed: 20551373]

Ueeda M, Doumei T, Takaya Y, Ohnishi N, Takaishi A, Hirohata S, Miyoshi T, Shinohata R, Usui
S, Kusachi S. Association of serum levels of arachidonic acid and eicosapentaenoic acid with
prevalence of major adverse cardiac events after acute myocardial infarction. Heart Vessels.
2011;26:145-152. doi: 10.1007/s00380-010-0038-8. [PubMed: 20963593]

de la Fuente RL, Naesgaard PA, Nilsen ST, Woie L, Aarsland T, Gundersen T, Nilsen DW.
Omega-3 index and prognosis in acute coronary chest pain patients with a low dietary intake of
omega-3. Scand Cardiovasc J. 2013;47:69-79. [PubMed: 23127172]

Harris WS, Kennedy KF, O’Keefe JH Jr, Spertus JA. Red blood cell fatty acid levels improve
GRACE score prediction of 2-yr mortality in patients with myocardial infarction. Int J Cardiol.
2013;168:53-59. doi: 10.1016/j.ijcard.2012.09.076. [PubMed: 23044429]

Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM, Sweetnam PM, Elwood PC, Deadman
NM. Effects of changes in fat, fish, and fibre intakes on death and myocardial reinfarction: Diet
and Reinfarction Trial (DART). Lancet. 1989;2:757-761. [PubMed: 2571009]

Burr ML, Ashfield-Watt PA, Dunstan FD, Fehily AM, Breay P, Ashton T, Zotos PC, Haboubi NA,
Elwood PC. Lack of benefit of dietary advice to men with angina: results of a controlled trial. Eur
J Clin Nutr. 2003;57:193-200. doi: 10.1038/sj.ejcn.1601539. [PubMed: 12571649]

Virtanen JK, Mozaffarian D, Chiuve SE, Rimm EB. Fish consumption and risk of major chronic
disease in men. Am J Clin Nutr. 2008;88:1618-1625. doi: 10.3945/ajcn.2007.25816. [PubMed:
19064523]

Circulation. Author manuscript; available in PMC 2019 December 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rimm et al.

84.

85.

86.

87.

88.
89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

Page 19

US Food and Drug Administration. Eating fish: what pregnant women and parents should know.
2017 https://www.fda.gov/Food/ResourcesForYou/Consumers/ucm393070.htm Accessed April 2,
2018.

Oken E, Radesky JS, Wright RO, Bellinger DC, Amarasiriwardena CJ, Kleinman KP, Hu H,
Gillman MW. Maternal fish intake during pregnancy, blood mercury levels, and child cognition at
age 3 years in a US cohort. Am J Epidemiol. 2008;167:1171-1181. doi: 10.1093/aje/kwn034.
[PubMed: 18353804]

Oken E, Rifas-Shiman SL, Amarasiriwardena C, Jayawardene |, Bellinger DC, Hibbeln JR, Wright
RO, Gillman MW. Maternal prenatal fish consumption and cognition in mid childhood: mercury,
fatty acids, and selenium. Neurotoxicol Teratol. 2016;57:71-78. doi: 10.1016/j.ntt.2016.07.001.
[PubMed: 27381635]

Maclntosh DL, Williams PL, Hunter DJ, Sampson LA, Morris SC, Willett WC, Rimm EB.
Evaluation of a food frequency questionnaire-food composition approach for estimating dietary
intake of inorganic arsenic and methylmercury. Cancer Epidemiol Biomarkers Prev. 1997;6:1043—
1050. [PubMed: 9419401]

Willett WC. Nutritional Epidemiology. 3rd ed New York, NY: Oxford University Press; 2012.

Mozaffarian D, Shi P, Morris JS, Spiegelman D, Grandjean P, Siscovick DS, Willett WC, Rimm
EB. Mercury exposure and risk of cardiovascular disease in two U.S. cohorts. N Engl J Med.
2011;364:1116-1125. doi: 10.1056/NEJM0al1006876. [PubMed: 21428767]

Mozaffarian D, Shi P, Morris JS, Grandjean P, Siscovick DS, Spiegelman D, Willett WC, Rimm
EB, Curhan GC, Forman JP. Mercury exposure and risk of hypertension in US men and women in
2 prospective cohorts. Hypertension. 2012;60:645-652. doi: 10.1161/HYPERTENSIONAHA.
112.196154. [PubMed: 22868395]

Virtanen JK, Laukkanen JA, Mursu J, Voutilainen S, Tuomainen TP. Serum long-chain n-3
polyunsaturated fatty acids, mercury, and risk of sudden cardiac death in men: a prospective
population-based study. PL0oS One. 2012;7:e41046. doi: 10.1371/journal.pone.0041046.

Cheung W, Keski-Rahkonen P, Assi N, Ferrari P, Freisling H, Rinaldi S, Slimani N, Zamora-Ros R,
Rundle M, Frost G, Gibbons H, Carr E, Brennan L, Cross AJ, Pala V, Panico S, Sacerdote C, Palli
D, Tumino R, Kuhn T, Kaaks R, Boeing H, Floegel A, Mancini F, Boutron-Ruault MC, Baglietto
L, Trichopoulou A, Naska A, Orfanos P, Scalbert A. A metabolomic study of biomarkers of meat
and fish intake. Am J Clin Nutr. 2017;105:600-608. doi: 10.3945/ajcn.116.146639. [PubMed:
28122782]

Heianza Y, Ma W, Manson JE, Rexrode KM, Qi L. Gut microbiota metabolites and risk of major
adverse cardiovascular disease events and death: a systematic review and meta-analysis of
prospective studies. J Am Heart Assoc. 2017;6:e004947. doi: 10.1161/JAHA.116.004947.

Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, Britt EB, Fu X, Wu Y, Li L, Smith
JD, DiDonato JA, Chen J, Li H, Wu GD, Lewis JD, Warrier M, Brown JM, Krauss RM, Tang WH,
Bushman FD, Lusis AJ, Hazen SL. Intestinal microbiota metabolism of L-carnitine, a nutrient in
red meat, promotes atherosclerosis. Nat Med. 2013;19:576-585. doi: 10.1038/nm.3145. [PubMed:
23563705]

Wang Z, Klipfell E, Bennett BJ, Koeth R, Levison BS, Dugar B, Feldstein AE, Britt EB, Fu X,
Chung YM, Wu Y, Schauer P, Smith JD, Allayee H, Tang WH, DiDonato JA, Lusis AJ, Hazen SL.
Gut flora metabolism of phosphatidylcholine promotes cardiovascular disease. Nature.
2011;472:57-63. doi: 10.1038/nature09922. [PubMed: 21475195]

Food and Agriculture Organization of the United Nations. The state of world fisheries and
aquaculture. http://www.fao.org/docrep/016/i2727e/i2727e.pdf Accessed April 2, 2018.

American Heart Association. The 2020 Impact Goal. https://www.heart.org/idc/groups/heart-
public/@wcm/@swa/documents/downloadable/ucm_425189.pdf Accessed April 2, 2018.
American Heart Association. The American Heart Association’s diet and lifestyle
recommendations http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-
American-Heart-Associations-Diet-andL ifestyle-
Recommendations_UCM_305855_Article.jsp#. WBUK7yOrLRY Accessed April 2, 2018.

Circulation. Author manuscript; available in PMC 2019 December 10.


https://www.fda.gov/Food/ResourcesForYou/Consumers/ucm393070.htm
http://www.fao.org/docrep/016/i2727e/i2727e.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@swa/documents/downloadable/ucm_425189.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@swa/documents/downloadable/ucm_425189.pdf
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-Diet-andLifestyle-Recommendations_UCM_305855_Article.jsp#.WBUK7y0rLRY
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-Diet-andLifestyle-Recommendations_UCM_305855_Article.jsp#.WBUK7y0rLRY
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-Diet-andLifestyle-Recommendations_UCM_305855_Article.jsp#.WBUK7y0rLRY

Page 20

"p1oe 210uaLILEdeS02I8 “YdJ PUE ‘PIdE J10USEXBYRS00P “YHQ [BAISIUI 80UBPLIU0D ‘1D ‘ainssaid poojq sereaIpul dg

Circulation. Author manuscript; available in PMC 2019 December 10.

(zozozoe-)s0- | (eLzorere-)z0- 9 6T 10 Jamo3uns 12 (imyp € ‘p/B 0ST) uowles
puejai|
(c0'z 01 20°€-) 050 (Lyozo-)oz 95 6ET [10 Jamojuns €0 (1w/p € 'p/B 0ST) PoD ‘ureds ‘pueya) 0TO0C gy'I3UWERY
(eeToree2-) 00°€- | (S5°€ 01 G5'2-) 002 95 89 usxaIyD ze (p/B 0GT) 1N01 BULIBIN Hlewusq 0T0Z z'PunifeH
uayaIyd

(Lyyor/82-)080 | (TrLo11ee-)oTe 44 Ge pue xod ues| paxeq A (Gimyp € *p/B 0ST) Butiay paseg uapams 6002 1 151AbpuIT
(£1'90322'9-) 0€°0- | (¥9'9 O} ¥¥'6-) T Ge 81T 110 3|qe1aban paxIN (87 (/B zyT) saulpaes pue uow|es elfensny T66T oy 281000
(#9'0 01 ¥8'€-) 09°'T- | (L¥'Z 03 L0°€-) 0E'0- a4 z8 ajsed jealy L'y (/6 00T) B1sed |s030BIN SIEMEN] /86T g¢'USBUIIBMNOH UOA

dg anjoiseiq dd 21101SAS p ‘uoneing u |041Uu0D p/6 adA] uonuaniaiu| Anuno) Jes) ‘sioyiny

‘Vd3+vHa
BH ww ‘(1D %S6) uswiBay uonuaAIsU|
ERESETITIQRILETVREIN]

Rimm et al.

dg Uo uondwnsuo) ysi4 40 $198113 ay) paisal 1eyl sfelll G Jo Arewwng
‘T 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Rimm et al.

(#6'0-25°0) 0L°0 ow/e-1
0T ow/T> 99 4! 569 160 6T sn Apms yieaH suedisAud ‘(2102) gele 19 MM
(56'0-15°0) 020 AM/+G
(T2'1-08'0) 66'0 N/ y—€
(20'T-2L'0) 68°0 AM/Z-T
(8T'1-68'0) £0'T ow/e-T
0T ow/T> 9 01 8581 €6 ¥8 sn BAIEIIU| Y)ESH S UBLOA ‘(TTOZ) ggle 32 Ulleg
(0v'1-65°0) 16'0 AMW/+E
(¥6'0-€5°0) 02°0 Az
(T0'1-€9'0) 08'0 IWT
(0T'1-290) 980 AM/T>
0T JEEN 19 6 159 yez9e | adoung | Hoyod AydesBowwrel ysipams (0T0Z) sgle 18 UBNAST
(8T'T-8L°0) 960 p/B +0Z
(6€'1-96'0) ST'T p/6 6T-T
0T 0 89 7T 699 66¢5 | adoing Apms wepiapoy ‘(6002) ggle 10 easilia
(S5'1-19°0) 26'0 AMW/+E
(€€T-€L°0) 660 Mg
(€T'1-89'0) 88'0 IWT
(Tz'1-22°0) €60 AW T>
0T JEVEIN 65 / 165 19€ 6E adoing UBIAl USIPaMS 40 1oy (6002) ggl® 18 UeniAaT]
(€0'T-5%0) 89°0 AM/+G
(16'0-25°0) 69°0 I/ y—€
(66°0-9°0) 08°0 AM/Z-T
(90'1-29°0) ¥8'0 ow/e-T
0T ow/T> €l T GS6 8889 SN >U:Hm UileaH JejnaseAolpied Amoomv mm_m 18 UeliejJezo|n
ain|ie} 1eay JO XS pue sxelul ysiq
(1D %56) ¥y paysnipy | a4nsodx3 | A ‘eby | A ‘dn-mojjo4 u u‘ezis | uoibay awreN Apnis ‘(JespA) sioyiny
ues|n ‘sjusng 4HD | ajdwes

Author Manuscript

Author Manuscript

SH0Y0D 8AI103ds0ld Ul ainjied 1esH 10 sty pue uondwnsuo) ysi4 pati4 pue [e1o) Aeiaiq

‘¢ slqeL

Author Manuscript

Author Manuscript

Circulation. Author manuscript; available in PMC 2019 December 10.



Page 22

Rimm et al.

"YSL BAIIR[] ‘HY PUB ‘[eAI8IUI 80UBPIIUOD ‘1D ‘Binjie) Lieay aAISabuod salealpul 4HD

(¥8T-6TT) 8Y'T AM/+T

(6T'1-56'0) 90'T ow/e-T
0T owT> 9 o1 88T €67 78 sn BAIIRIIUI YHEaH S, UBWOM ‘(TTOT) ggl® 30 Ulleg

(co1-2TT) SE'T IW+T

(6T'1-28°0) 20°'T owy/e-T1
0T ow/T> €L 4 G56 8885 sn Apmis yifesH JenasenolpIed ‘(S002) gle 10 UBLIe}eZON
aun|1e} 11eay JO s pue ysiy palid

(96'0-%5'0) 22'0 I+

(26'0-65°0) €20 AWT
(12 9656) ¥y pasnlpy | ainsodx3 | A ‘eby | A ‘dn-mojjod u u‘azis | uoibay aweN Apnis ‘(1eaA) sJoyiny

ues|n ‘sjusng 4HD | sjdwes

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Circulation. Author manuscript; available in PMC 2019 December 10.



Page 23

Rimm et al.

(56°'0-2£°0) 65°0

(08) uonezijendsoy ainjrey

‘TSAE+2L Vd3 ueay Jo Anferow asned-||y ke VHQ pue vd3 wnies ueder Ut ||\ 81NJe Yl sjuslied ZT. €T0C gg'lB 18 ®IBH
(¥6'0-99°0) T8°0
:as 1 4ed vHQ
(§8°0-20°0) £2°0 se1eIS pavun
TLSAEL Vd3 (GT) Anjeniow ssneo-||v Az VHQ+Vd3 1139 poo|q pay U3 U [IN 8INd€ UM Sualied 1T €102 gg'e 18 SlteH
(08'z-220) 8.0
(0£:1-52°0) 59°0 (5€) yreap usppns
(¥6'1-050) 860 (¥S) yreap deipied eunuabiy Ul SOV paoadsns €102
TO sA ¥O YHA+Vd3 (00T) Aueniow asneo-||y Kog VHQ+Vd3 1189 poo|q pay pue ured 15840 yum sjusied z/G 6, [0 13 B)UaN4 €7 8@
(8T0°0=¢) UoIrRID0SSE 3SIanUl \Yd360| (0¥) swuana oeipJed asianpe Joleln AgT WVd3 wnies ueder ul ||A 8InJe YlIM Sjuailed 9y T TT0Z g,'I2 12 BP33N
(007-55'0) 720 sejels psnun .
‘UBIPBWI<YHA+Vd3 (££2) Aurenow asneo-||y K6'g VHQ+Vd3 1139 poo|q pay 8L} Ul @HO B|qes Yum siualied 956 0T0C ,, 1€ 13 ¥[enod
(pauodal jou) SN
%7 Jod YHQ
(£9°0-21°0) 62°0 VHa+
1047 J9d Wd3 (9¢) Anferiow asned-||y AeT Vd3 pidijoydsoyd ewise|d ©3103 Ul [Nl 8INJ. Y)IM Sjuaied 80G 6002 o, ‘€18 897
(T7'1-67°0) €8°0
(€9'T-9¢°0) 98°0 (8ST) SOV 40 Ueap delpied AemioN ul SOV
1O SA 7O YHA+Vd3 (z0T) Aujenow asneo-||y ¥4 VHQ+Vd3 132 poojq pay paWUod-uIuodos) Ynm sjusied 09y | 6002 g, ‘I8 12 As0jesiey
(96°0-82°0) 250 (01) 185u0 wordwiAs Jo y 9 uynm
‘%T 48d YHA+Vd3 UOIIR||1IqL. JeINOLIUBA 3IN0Y pPT VHQ+Vd3 139 poojq pay AKeJON Ul [Nl 9In9k UM sjualled Gz | 8002 ,'Ie 19 Asojasiey
(e6'1-2T°0) 870
(62'1-v2'0) S50
(£8°0-1T°0) TE0
‘TLSAEL VHA
(vT'T-80°0) TE'0
(62'1-€£0) 920
(€6'0—21°0) €€°0
TLSAEL Vd3
(Te'7-52°0) ¥O'T
(60'T-6T°0) S°0 (¥v) ano puejuid
Aoo.ﬁlv.ﬁ.ov 1€0 GHV yieap @HO [eioL VYHAd pue \y/d3 191s8 _\Cmuwm_oco ul mc_mcm a|geisun 1o .co_EN_‘_m_:omm>w._
:p/B 0 SA 2G> ysiH (7€) Aerow asned-||y Ag ‘uondwnsuod ysiy Arelaiq ‘I Joud ynm sjuaied STy €002 ¢;'[e 10 B>
Sa1pNIS 110Y0d aAndadsold
(1D %S6) ¥y (syuana u) dn-mojjo4 UOIUaAIBIU| 10 a1nsodx3 uonejndod Apnis
SawlodINQO jo uoneiang
SUET=|

JIejnasenoipie) Jo UoNUaAald AIepuodss pue poosess WolH S\y4Nd £-eBawQ Asriaiq 40 S[eliL Pa)jjo1uod PazIwopuey pue ssipnis 1oyod aAndadsold

Author Manuscript

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Circulation. Author manuscript; available in PMC 2019 December 10.



Page 24

Rimm et al.

‘ysiy AJ10 188 0] d2IApPR Alelalp Buimo||o) JO pealsul 10 ysiy aXel 0] asooyd oym dnolb aolApe ysiy ayl JO 19sans ayl ul AJuo JuapiAs sem st Jaybiy ‘sasAjeue ooy 1sod uj

/
(/6 € edexeIn) 110 sy

aye) 01 pa1oafe dnoub so1Ape ysiy 8y Ul $198[gNs Jo Iy} 8uo INoge ‘Ajs1ewn|n "sI0IABYaq Jay10 o SUONEIIPaW Ul SeBueyd Jo Uonen|eAs ou pue ‘soueljdwod wisl-Huo| syenjeas 0 10 8dIApe Alelalp 80J0ulal

01 dn-mojj04 B3| ‘S1eaK / J9A0 JuBWINNIOBI pakejap pue paldniisiul o) pa| yeyy Buipuny syenbapeul

10 US1J SNSIBA 921APR Sty 0} Uoleziwopues dnoiBans & o} 110 Ysty 10 90IAPE Usiy 93e) 03 821049 193[gns

W04} YIUMS 0} S31NPa20.d UOITRZILIOPUEI JO UOISIAR [eLapIw ‘Buipuljq uedionted Jo %oe| ‘awoono Arewid paiy1oadsaid e o %oe] Buipnjoul JUspIAS 19m SUOIENWI| UolreIuswWwa|dwi pue uBisap [eanss
"«

"UOIRIASD PABPURIS ‘S PUB “SHI aAIRI3 *HY ‘a[1tenb ‘O ‘p1oe Aey pareinyesunAjod ‘w4nd ‘uediiubisuou ‘SN ‘Uonoseul [RIPJI0AW ‘[N {pIoe dlouseIUades0dld
‘Wd3 p19€ 10USLX3YeS0I0p ‘YHA ‘[B1LL UondJejulay pue 181d 14V ‘aSessIp Jejndsenolpes ‘GAD [eAISIUl 90UBPIIU0D ‘IO ‘asessIp Leay A1euoiod ‘QHD ‘aWoIpuAs A1euolod amnoe seyedlpul SOV

1 (€22-90T) ¥5'T
4 (85 T-00'T) 92T

(02T) Yreap usppns
(6T€) yreap oeIpIED

891Ape Bunes
a|qususs sA (_p/B g 110 usy
8e1 0] 850049 10) YM/sBUINIBS

wopBury payun ayp ul
uonduasaid pue uoissaidwi ueidisAyd uo

(@ Ldva)

(9¢'1-96'0) ST'T (525) Aierow erol A6-¢ Z Usy AJ10 8WNSU0d 03 8IAPY paseq euibue pawnssaid yum usiy ¢TTIE €002 zg'le 10 1ing
(v6'0-6v'0) 89°0 (v6T) yreap AHO aed [ensn sa (p/6 G'T 110 ysiy
(£0'T-99'0) ¥8°0 (922) @HO reroL e} 0} 300D 10) >mysBulnias wopBury patun ays ur (ow
(26'0-¥5°0) TL0 (rzz) Aujenow ssneo-||v Kz Z yst Aiey 8LINSU0D 03 BOIADY | G'T~ ‘aBJBAR) [Nl JUBD) YIM USIN EE0Z 686 15'L4VA
S|eL) Pajjojuod paziwopuey

(£6'0-2€0) 09°0
‘TSAE+¢l VHA

(1D %S6) ¥y (syuana u) dn-mojjo4 UOIUaAIBIU| 10 a1nsodx3 uonejndod Apnis

S3W02IN0 Jo uoirelang

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 December 10.

in

available

1

Circulation. Author manuscript



	Abstract
	SEAFOOD AND PROPOSED INTERMEDIATE MARKERS OF CVD RISK
	BLOOD PRESSURE
	SUDDEN CARDIAC DEATH
	CONGESTIVE HEART FAILURE
	CORONARY HEART DISEASE
	STROKE
	SECONDARY PREVENTION OF CVD
	INTERACTION WITH N-6 PUFA AND MERCURY
	Interaction With n-6 PUFA
	Mercury

	TRIMETHYLAMINE N-OXIDE
	SUSTAINABILITY
	Farmed Fish

	CONCLUSIONS
	APPENDIX
	Table A1.
	Table T5
	Table T6
	References
	Table 1.
	Table 2.
	Table 3.

