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Fish Consumption Advisories 
Traditionally Focus on Risk

• Mercury, PCBs, Chlordane, Dioxin
• High risk group – WC-BA, young children
• Consumption limits based upon RfD
• Benefits of fish consumption not 

quantitatively considered
– FCA encourages consumption while also give 

warning msg and setting limits



Seychelles Island

Dueling Epi Studies 1990’s to 2000s

NAS Resolved Debate in 2000 – showed how to set RfD

http://en.wikipedia.org/wiki/Image:Se-map.gif


Mahaffey, et al. EHP, 2008 
(http://www.ehponline.org/members/2008/11674/11674.pdf)



Fish Consumption Debate Not Over

• With RfD, set limits on fish consumption
– One to two meals/week of commercial seafood
– No swordfish, shark, tilefish, king mackerel
– Statewide freshwater advisory – 1 meal/month

• But – lose omega-3 benefits?? 
– Brain development
– Cardiovascular mortality – acute MI 

• Miscellaneous other benefits – eyes, anti-inflamm
– Benefits really lost if msg too scary 

• To eat fish or not to eat fish – Is that the Question?



Possible Risk Benefit 
Approaches for FCA

• Retain current advisory but improve risk 
communication – only balance the msg?

• Refocus advisory on individual fish?
• Separate risk-benefit assessment for diff 

endpoints and types of receptors?



Qualitative Assessment: 
IOM, 2006

• Qualitative review of fish consumption patterns, 
benefits,risks, uncertainties

• Recommendations
– Include seafood in diet
– Keep consumption w/in federal advice for high risk 

group for mercury in seafood
– Increase monitoring
– Gen pop – eat 2 3oz meals/wk – CV benefit 

• If eat more,  choose from a variety of species



Qualitative Evaluation: 
Mozaffarian and Rimm, 2006

• Reviewed D/R for CV benefits and Hg risks
• Table of nutrients & contams in fish species
• Reviewed costs, supplements, n6:n3 ratio
• Evidence synthesis

– Benefits outweigh risks – but …..
– Women of CBA/nursing moms - follow federal advice
– All others, no limits; if > 5 mls/wk, no high Hg species
– Don’t worry about cancer risks from organoCl’s



Mozaffarian and Rimm, 2006 





Quantitative Analyses
• Ponce, et al., 2000

– MI prevention benefits of fish vs
– meHg neurodevelopmental effects 

• delayed speech - Iraq - maternal hair 
– weighted by QALYs
– evaluated net effect of fish consumption 

•Risk - benefit of MI vs CNS development 
• Across range of fish concs (0-2 ppm) 
• Endpoints differ, key receptors differ, not  
species specific



More Quantitative Analysis

• Cohen et al, 2005
– Regression slopes for

• meHg on IQ
• DHA on IQ
• fish consumption on stroke and CHD

– Evaluated ed consumption from advisories 
and over-reaction

– Standardized fish consumption patterns and   
federal databases for meHg and omega-3
• no individual fish analyzed

– Converted health endpoints to QALYs



Comparison of Effect Sizes for meHg and 
Omega-3s on IQ (Cohen, et al., 2005) or 

VRM (Oken, et al., 2005)
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Conclusions – Cohen et al.

• Fish consumption advisories can yield 
developmental benefits if followed

• Can lead to increased risks if  advisory 
 worry  fish avoidance

•Are fish advisories that focus on good 
species less likely to cause avoidance?



EHP, E Article: 
http://www.ehponline.org/docs/2008/11368/abstract.html

http://www.ehponline.org/docs/2008/11368/abstract.html




Risk-Benefit Analysis of 
Oken et al., 2005



Guallar, et al. 2002  

Risk of MI in 684 men in Eastern Finland



Mercury and CVD
• Salonen 1995

– 1833 Finnish men
– 2x ed MI > 2 ppm 

• Salonen 2000
– 1014 Finnish men
– ed athero > 2.83 ppm

• Guallar 2002
– 684 European men 
– Linear D-R for MI

• Virtanen 2005
– 66 Finnish cases
– OR 1.66 for high Hg

• Ahlqwist 1999
– 1462 Swedish women
– Amalgam exposure

• Serum Hg not assoc with 
MI or stroke

• Hallgren 2001
– 78 Swedish men/wom
– Poss assoc in low O-3 and 

high RBC Hg grp
• Yoshizawa 2002

– 33,737 US men
– Mostly dentists 



Mozaffarian (2009) Int J Environ Res Pub Health 6: 1894-1916



Components of Quantitative 
Risk/Benefit Analysis

• Dose response relationships
• Fish Hg & O-3 data from FDA, USDA, etc
• One compartment PK model to convert fish 

meal (3oz) to hair Hg concentration

Fish Conc
Daily O-3 intake

Hair mercury 

Neurodev Benefit

CardioV Benefit

Neurodev Risk

CardioV Risk

PK Model





Risk/Benefit Equations for Coronary 
Heart Disease and Neurodevelopment



Figure 1
Net Effect of meHg and Fish Oils on 

Neurodevelopment at 6 months of Age: 1 Fish 
Meal/Week
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Figure 2
Net Effect of meHg and Fish Oils on Cardiovascular 

Risk: One Fish Meal per Week 
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Figure 3 
Net Effect of meHg and Fish Oils on Cardiovascular Risk: 

Two 6 oz Fish Meals per Week 
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If Some Fish Risky Why Do Various 
Studies Show Fish Benefit

• Population eats a variety of fish
– Some provide major benefit – salmon, shrimp
– Net benefit in general pop – more salmon than 

swordfish
• FDA approach – evaluate overall fish consumption patterns

– In subgroups – e.g., frequent sushi – meHg excess and 
symptoms

– In Finland – where fish low in omega-3 – CV morbidity



Oken et al. Amer J Epidemiol 167: 1171-1181, 2008



Oken et al. Amer J Epidemiol 167: 1171-1181, 2008



Limitations in Current Data

• Multiple contaminants and nutrients
– Hg, PCBs, dioxin, pesticides, PBDEs
– O-3s, iodine, selenium, iron, protein

• Multiple endpoints – cancer separate issue?
• Dose response – should equal wt be given 

to mercury CV risk as omega-3 CV benefit?
• Data inputs – need more omega-3 and Hg 

fish data



Summary

• Quantitative Risk-Benefit FCA approach 
demonstrated 

• Species-specific advice should be focus
• Net benefit for certain fish – unlimited 

consumption if no PCB/POPs issues
• Net risk for certain fish – no or very low 

consumption even if not in “hi risk” group
• Risk/benefit tilted more towards risk for 

neurodevelopmental vs CV outcomes  
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