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List ef Subjects in n CFR Part im 

Food labeling, Reporting and 
recordkffeping requirements 

Therefore, under the Federal Food. 
Drug. and Cosmetic Act and under 
authority &iegated to the Commissioner 
of Food and liruga, it is proposed that 21 
CFB part 10~ be amended as follaws: 

PART 10%FOOfl LABELM 

1. The authority citation for 21 CFR 
part 1M is revised to read as follows: 

Autho+y: Sets. 4,5,6 of the Fair Packaging 
end Labeling Act (15 U.S.C. 1453,14ii& ~55); 
secs.201.301.~403,409.501,5M,505,70~ 
of the Federal Food, Drug, and Cosmetic Act 
(21 fJ.s.c 321.331.342,343.34R.351.352,355, 
971). 

2. Section 101.71 is amended by 
adding new paragraph [ej to read as 
follows: 

8 101.71 HesKh claims: clatma not 
authorlxed. 
1 6 L1 * * 

(e) Zinc and immune function in the 
elderly (insert cite and date of 
publication in the Fe&d Register of the 
final ride). 

Dated: November 4.1gs~ 
David A. Ksseiar, 
Commissianer of Food and Drugs. 
Louis W. Sullivan, P 
Secretary of HeoJtb and Human Servkes. 
[FFI Dot. 91-27163 Filed ll-26-9l; tM5 am) 
BILUN(I COOE 41~M 
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21 CFR Part $01 

FUN 09054Bgf 

Food L&ding: He8ttt1 Ctaim8 and 
Label Statements Omep3 Fatty 
Act138 end Coronary Heart Dfsease 
AGENCY: Food and Drug Administration, 
IIHS. 
ACTtOBr Proposed sub% 

SUYMAM: The Food and Drug 
Administration (FDA) is proposing not 
to authorize the use on foods, including 
dietary supplements, of health claims 
relating to the essociation between 
omega-3 fatty acidsand corc~n~ heart 
disease (Cm]. FDA has reviewed the 
scientific data on this topic and has 
tentatively concluded this evidence does 
not provide a basis upon which to 
authorize such a health claim. 
Examination of the epidemiological 
research on this topic ravealed that the 
available studies applied only to the 
consumption of fish, which contain 
omega-3 fatty acids, and that it was not 
possible to ascribe any effects 
specifically to the omega-3 fatty acids. 
Examination of data from clinical 
studies revealed that the effacts en 
blood lipids of fish oils containing 
omega-3 fatty 8cids were primarily a 
reduction of blood triglycerides, a blood 
lipid variable not considered to be an 
independent risk factor for CHD, but 
they had no effect on serum cholesterol, 
low-density lipoprotein {LDL) 
cholesterol, or high-density lipoprotein 
(HDL) cholesterol, the blood lipid 
variables most closely associated with 
risk of CHD. The scientific data are 
ambiguous on the effects of omega-3 
fatty acids on blood pressure and other 
risk factors for CHD. Finally, the 
scientific data reveal unresolved safety 
issues: the potential for omega-3 fatty 
acids to increase LDL cholesterol of 
hyperiipidemics aud to worsen control 
of blood glucose in diabetics. 
DATES: Written comments by February 
25,%82. The agency is proposing that 
any final rule that may issue based upon 
this propoaal become effective 6 months 
following its publication in accordance 
with requirements of the Nutrition 
Labeling and Educaiion Act of ISRCI. 

ADDRBBCBSz Written comments to the 
Dockets Management Branch [WA- 
3051, Food and Drug Administration, n-c. 
l-23.12/120 Parklawn Dr., Rockville. MD 
20(157. 
FBB FWRTBRR BtFOBMATtOl’J CONtACT: 
John C. Wallingford. Center for Food 
Safety and Applied Nutrition (HFF-2651, 
Food and Drug Administration, 206 C St. 
SW., Washington, DC 20234,202-245- 
0835. 
SUPPLEMBBTARY tBFORMATlON: 

I. Background 
A. The Nutrition Labeling and 
Educa:aticm Act of 1990 

On November 8, l#Xh the President 
signed into law the MutriEon EabeBng 
and Education Act of 1990 {Pub. L. 16% 
535) (the %%%I amendments), which 
amends the Federai Food, Drug, and 
Cosmetic Act [the act). The 1990 
amendments, in part, authorize the 
Secretary of Health and Human Services 
(the Secretary), and by delegation, FDA. 
to issue regulations authorizing nutrient 
content and health claims on the label 
or labeling of foods. With respect to 
health claims, the new provisions 
provide that a product is misbranded if 
it bears a claim that characterizes the 
relationship of a nutrient to a &ease or 
health-related condition, unless the 
claim is made in adance with the 
procedures and standards established 
under section 403(r) [i) [B] of the act (21 
U.S.C. 343(r) 11) fB)]. 

published elsewhere in this issue of 
the Federal Ragistez is a proposed rule 
to estahhah general mqnirements for 
health claims that ehame%tiaa the 
relationship of nutsients. in&ding 
vitamina and minerals, herbs. and other 
nutritional substances (referred to 
generally as “substances”) to a disease 
or health-related condition on food 
labels and in labeling. In this companion 
document, FDA has tentatively 
concluded that such claims would only 
be justified for substances in dietary 
supplements as well as in conventionid 
foods if it determines, based on its 
review of the totah!y of the publicly 
available scientific evidence (including 
evidence from well-designed studies 
conducted in a manner which is 
consistent with generally recognized 
scientific procedures and principles), 
that there is significant scientific 
agreement, among experts qualified by 
scientific training and experience to 
evaluate such claims, that the claim iu 
supported by such evidence. 

The ISSO amendments also require 
(section J(b)(l)(A)@). (b)[l)fA)(iv), and 
(b)(r)(a)fxj) that within 12 months of 
enoctmeat. the Secretary shali issue 
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proposed regulations to implement 
section 403(r) of the act (21 U.S.C. 
343(r)), and that such regulations shall 
determine, among other things. whether 
claims respecting 10 topic areas. 
including omega-3 fatty acids and heart 
disease, meet the requirements of the 
act. The 1990 amendments defined the 
subject topic area as the relationship 
between omega-3 fatty acids and heart 
disease, without defining heart disease. 
For the purpose of this document. heart 
disease is considered to be CHD. 
defined in the International 
Classification of Diseases as ischemic 
heart disease and related diseases, most 
notably heart attacks (Ref. 33). In this 
document, the agency will consider 
whether a claim on food or food 
products, including conventional foods 
and dietary supplements, about the 
relationship between omega-3 fatty 
acids and CHD, would be justified under 
the standard and criteria proposed in 
the companion document entitled “Food 
Labeling: General Requirements for 
Health Claims for Food.” 
B. Public Health Aspects 
1. Coronary Heart Disease 

Cardiovascular disease (disease of the 
heart or blood vessels) is a major public 
health problem in the United States. 
Cardiovascular diseases, primarily CHD 
and stroke, kill nearly as many 
Americans as all other diseases 
combined. Cardiovascular disease is 
also among the leading causes of 
disability. These facts hold despite the 
fact that over the past 15 years, the 
death rate for cardiovascular disease 
has declined dramatically: 35 percent for 
all cardiovascular diseases, 46 percent 
for CHD. and more than 56 percent for 
stroke (Ref. 36). Changes in lifestyles, 
risk factor reduction, and medical 
intervention were major contributors to 
this decline (Ref. 36). 

CHD (disease of the arteries supplying 
blood to the heart muscle) is generally 
considered to be the most common. the 
most serious, and the earliest form of 
cardiovascular disease, frequently 
producing symptoms and health 
problems in middle-aged adults (Ref. 
11.5). Despite a declining death rate from 
CHD since the mid 1960’s, CHD still 
accounts for more deaths than any other 
disease or group of diseases (Ref. 34). 
More than 3.25 million heart attacks 
occur each year (tworthirds occur in 
men). and more than 506.066 people die 
as a result (Ref. 34). Significant degrees 
of CHD without easily detectable 
symptoms are also very common in the 
Unlted States (Refs. 36 and 37). Thus the 
total affected population is considerably 
higher than the statistics on death and 

illness would indicate. In addition to its 
impact on the nation’s health. CHD costs 
the U.S. economy over $56 billion 
annually (Ref. 37). 

Because of the importance of 
cardiovascular disease, including CHD. 
as a public health problem. 
identification of modifiable risk factors 
has received considerable research and 
public health policy attention since the 
early part of this century. Fatty streaks 
and cholesterol were identified many 
years ago as prominent components of 
the blood vessel (arterial) lesions whose 
buildup caused a narrowing or blockage 
of the blood flow to the heart (ReZ. 36). 
Following those early observations. a 
large base of scientific evidence has 
accumulated on the relationship of 
different types of dietary fats to the risk 
of CHD. Based on the weight of the 
scientific evidence now available. 
virtually all recent dietary guidelines For 
Americans, whether from the Federal 
government or from the health 
profession community, have noted the 
high dietary fat intake by the U.S. 
population and also the strong 
association of diets high in fat. 
particularly saturated fat, and 
cholesterol with increased risk of CHD 
(Refs. 34, 36, and 115). 

An elevated blood cholesterol level 
has been implicated as a factor in the 
development of atherosclerosis 
(inadequate circulation of blood to the 
heart due to narrowing of the arteries). a 
major contributor to CHD. In 
atherosclerosis, a buildup of solid 
material in and on the walls of blood 
vessels occurs that restricts the flow of 
blood. This material, referred to as 
“plaque,” usually contains an 
appreciable amount of cholesterol. 

For many individuals, there appears 
to be a correlation between the severity 
of the plaque deposits and the levels of 
cholesterol in the blood. Furthermore, it 
is now established that a particular 
fraction of blood cholesterol. that 
associated with LDL, conveys an 
increased risk of atherosclerosis. while 
cholesterol associated with a different 
lipoprotein, HDL, conveys reduced risk 
of atherosclerosis and CHD (see 
companion document on health claims 
for cardiovascular disease and lipids. 
published elsewhere in this issue of the 
Federal Register). The relationship 
between atherosclerosis and very low- 
density lipoproteins (VLDL). 
independent of LDL, is not clear (Refs. 
35, 36, and 1151. 

There does not appear to be a strong 
relationship between atherosclemni~ 
an: blood triglycerides (another type of 
blood lipid, although not a fraction of 
blood cholesterol). Any relationship 

between blood triglycerides and CHD 
found in studies disappears once the 
blood cholesterol components known to 
be related to CHD are taken into 
account (Refs. 4, 35, 36, and 115). A 
National Heart, Blood, and Lung 
institute consensus conference is 
planned for the beginning of 1992 to 
reexamine the relationship between 
blood triglycerides, HDL, and CHD. 
Many questions about the buildup of 
plaque remain unanswered, however. 
including why plaque deposits are 
formed and to what extent the 
consumption of individual dietary 
components influence blood cholesterol 
levels. 
2. Omega-3 Fatty Acids 

Omega-3 fatty acids are lipids (fats) 
consisting of polyunsaturated fatty acids 
with three or more double bonds. The 
differences between saturated fatty 
acids and unsaturated fatty acids are 
discussed in the document on nutrient 
content claims on fat, saturated fat, and 
cholesterol published elsewhere in this 
issue of the Federal Register. Their 
unique characteristic is the location of 
the first double bond, which’occurs at 
the third carbon from the methyl (or 
omega) end of the fatty acid. The family 
of omega-3 fatty acids includes linolenic 
acid (18 carbons, 3 double bonds), which 
is found predominantly in plant oils, and 
eicosapentaenoic acid (EPA, 20 carbons, 
5 double bonds] and docosahexaenoic 
acid (DHA, 22 carbons, 6 double bonds], 
which are found in fish and other marine 
animals. Linolenic acid is a precursor of 
the two longer chain omega-3 faatty 
acids. However, not all linolenic acid is 
converted to EPA or DHA. Omega-3 
fatty acids cannot be synthesized in 
humans from other classes of fatty 
acids. Thus, they must be supplied by 
dietary sources. 

The most common food source of 
longer chain omega-3 fatty acids is fatty 
fish, such as salmon and mackerel (Ref. 
83). Another important dietary source of 
omega-3 fatty acids in the United States 
is chicken that have been fed fish meal. 
Bulk and encapsulated preparations 
enriched with omega-3 fatty acids are 
now available in the llnited States. 
3. Relationship of Omega-3 Fatty Acids 
and CHD 

Although polyunsaturated fatty acids 
other than omega-3 fatty acids may 
affect the risk of Cl-ID, the 1996 
amendments direct FDA to consider the 
relationship of omega-3 fatty acids to 
CHD (section 3 (01 (I] [A) (x) of the 1990 
amendments). Most of the relevant 
research testing the hypothesis that 
omega-3 fatty acids reduce the risk of 
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CHD has been conducted using fish or 
fish oils rich in EPA and DHA because 
these particular fatty acids are known to 
have physiological effects. For this 
reason omega-3 fatty acids are defined 
as EPA and DHA in this document. 
Other omega-3 fatty acids related to 
EPA and DHA are not generally found 
in amounts as high as EPA and DHA, 
and their activity is thought to be via 
metabolism to EPA or DHA. 

Two major mechanisms have been 

-3 
hypothesized for beneficial effects of 
omega-3 fatty acids, reduction in 
atherosclerosis and decreased formation 
of blood clots (thrombosis) either 

9 because of increased coagulation times 
or with concomitant increased 
dissolution of clots that may be formed. 

Much of the data on omega-3 fatty 
acids has been collected in populations 
with risk factors for CHD. including high 
dietary saturated fat, hyperlipidemia 
(high blood cholesterol or triglycerides), 
high blood pressure, tobacco smoking, 
stress, and sedentary lifestyle. 

A reduction in risk of CHD following 
consumption of foods that contain 
omega-3 fatty acids is not sufficient to 
support a relationship between omega-3 
fatty acids and CHD, because foods that 
contain omega-3 fatty acids contain 
many other substances that may affect 
the risk of CHD. Furthermore, 
consumption of foods rich in omega-3 
fatty acids may displace other foods 
from the diet that contain dietary 
components related to CHD. To 
establish a relationship between omega- 
3 fatty acids and CHD, any observed 
effect must be shown to be specifically 
from the specific omega-3 fatty acid 
component of the food. 
C. Omega-3 Fatty Acids: Regulatory 
History 

In the Federal Register of July 31,1986 
(51 FR 27461) FDA published a notice of 
the filing of a petition seeking 
affirmation that the use of menhaden oil 
and partially hydrogenated menhaden 
oil as direct human food ingredients is 
generally recognized as safe (GRAS). In 
the Federal Register of September 15. 
1989 (54 FR 382191, FDA affirmed that 
hydrogenated and partially 
hydrogenated menhaden oil are GRAS 
(21 CFR 184.1472) for use as an edible fat 

c or oil. as defined in 21 CFR 179.3(n) (12). 
The agency has not yet acted on the 
GRAS status of the use of 
nonhydrogenated menhaden oil. 

In recent years, fish oil products 
bearing claims for beneficial 
cardiovascular effects appeared in the 
marhetplace. In 1988. FDA issued 
regulatory letters concluding that claims 
for cholesterol-lowering properties of 
fish oil supplements were drug claims, 

and that the evidence did not support 
the claims (Ref. 45). In response, the 
industry contended that the claims on 
fish oil supplements were not intended 
to be drug claims but were intended to 
comply with FDA’s proposed rule on, 
health messages (52 FR 28843, August 4. 
1987). subsequently withdrawn and 
reproposed (55 FR 5176, February 13. 
1999). Although additional information 
was submitted in support of these health 
messages (hereinafter referred to as 
health claims), FDA informed the 
industry in 1990 that the additional data 
were not adequate to support the claims, 
because of the preliminary nature of the 
evidence and because of unresolved 
safety concerns (Ref. 48). In an advance 
notice of proposed rulemaking published 
in the Federal Register of August 8.1989 
(54 FR 326lOJ FDA requested comments 
on, among other things, how to 
reasonably permit the use of claims on 
food labels linking food components to 
the risk of chrnnic diseases. The agency 
did not, however, specifically mention 
the topic of omega-3 fatty acids and 
CHD. 
D. Evidence Considered in This Review 

The agency has reviewed all relevant 
scientific evidence relating to omega-3 
fatty acids and CHD. The scientific 
evidence reviewed by the agency 
included recent comprehensive reviews 
and recommendations of the Federal 
government: “The Surgeon General’s 
Report on Nutrition and Health” (Ref. 
34); the National Institutes of Healths 
National Cholesterol Education Program 
(NCEP) Report on “Detection, 
Evaluation and Treatment of High Blood 
Cholesterol in Adults” (Ref. 35); and the 
NCEP Report “Population Strategies for 
Blood Cholesterol Reduction” (Ref. 36). 
Other comprehensive reports were also 
reviewed: the National Academy of 
Sciences 1989 Report “Diet and Health: 
Imulications for Reducine Chronic 
Disease Risks” (Ref. 115; the 1988 
FASEB report on “Review of the 
Epidemiological and Clinical Evidence 
on the Role of Omega-3 Fatty Acids in 
Health and Disease” (Ref. 83): the 1989 
Mitre Report on “Health Effects of 
Refined Menhaden Oil” (Ref. 72): and 
the 1991 FASEB report on 
“Cardiovascular Effects from Omega-3 
Fatty Acids” (Ref. 100). The agency 
updated the conclusions reached by 
these documents by reviewing all 
human studies published subsequent to 
these documents and all new review 
arlicles (Refs. 10, 21, 02, 84. 89, 91,111, 
112,127,161, and 162). However, 
surveys and cross-sectional or 
prospective studies, other than 
intervention studies, that had been 
published before 1988, which were used 

to generate the hypothesis of a 
relationship between omega-3 fatty 
acids and CHD, were also reexamined. 
Animal studies were considered to the 
extent that they clarified human studies 
or suggested possible mechanisms of 
action. 
E Comments Received in Response to 
FDA Request for Scientific Data and 
Information 

To ensure that its review was 
complete, in the Federal Register of 
March 28,1991(56 FR 12932). FDA 
requested scientific data and 
information on the 10 topics, including 
omega-3 fatty acids and CHD, identified 
by section 3 (b) (1) (A) of the 1991~ 
amendments. The agency received a 
total of 15 comments in response to this 
request. All relevant scientific 
information submitted was considered 
in the FDA scientific summary. 

One comment was from a private 
citizen, who submitted a computer 
search of medical literature. 

Three comments were from 
professional organizations, informing 
FDA of their position on health claims. 
A comment from the Association of 
Food and Drug Officials expressed 
concern that there be significant 
scientific agreement for any claim and 
enumerated steps to protect against 
unfounded claims. A comment from the 
Association of State and Territorial 
Public Health Nutrition Directors urged 
that the amount of nutrients in the total 
daily diet be an important consideration 
and expressed concern that labels might 
contain too much information to be 
helpful to the consumer. One comment 
from the American Health Foundation 
dealt with the relationship between 
omega-3 fatty acids and cancer. This 
comment is outside the scope of the 
rulemaking. 

The Government of Canada stated 
that under Canadian law, proposed 
health claims regarding heart disease 
would be considered drug claims. 

Ten comments (including one book) 
were submitted by professional or trade 
organizations for food/food supplement 
manufacturers or individual food or 
supplement manufacturers. One 
comment from a chemical manufacturer 
provided information regarding the 
requirement for vitamin E when 
supplemental omega-3 fatty acids are 
consumed. Three comments from 
manufacturers or distributors of dietary 
supplement products and one trade 
organization for dietary supplement 
products commented on approaches for 
regulating health claims. Five comments 
from trade organizations, food 
manufacturers, or manufacturers/ 
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distributors of dietary supplement 
products described properties of omega- 
3 fatty acids and provided bibliographic 
information for scientific information of 
the topic. One supplement manufacturer 
provided a listing of proposals for 
research on omega-3 fatty acids and an 
unpublished paper on the utility of fish 
oils in providing dietary omega-3 fatty 
acids. One comment from a trade 
organization included a copy of 
proceedings of an international 
conference on the effects of omega-3 
fatty acids on bleeding. No original data 
about the effects of omega-3 fatty acids 
on CHD were presented in any 
comment. The information submitted 
will be considered in the agency’s 
discussion of the relevant scientific 
evidence. 
II. Review of the Scientific Evidence 
A. Federal Government Documents 

“The Surgeon General’s Report on 
Nutrition and Health” (Ref. 34) 
described studies that correlated 
increased fish intakes with reductions in 
risk of CHD, while noting that not all 
studies found a relationship. Regarding 
plasma lipids, the report stated that 
diets rich in omega-3 fatty acids: 

l * l generally showed variable reductions 
in total cholesterol and LDL cholesterol. In 
some cases. LDL increased; HDL levels were 
either unchanged or increased * * ’ The 
most consistent effect has been a reduction ;in 
triglyceride and VLDL. 

The report acknowledged the 
significance of research into the 
relationship between omega-3 fatty 
acids and CHD but did not make any 
specific recommendations regarding the 
consumpKon of omega-3 fatty acids. 
Additionally, the report cautioned that 
the benefits in the cited studies had not 
been shown to be attributable to omega- 
3 fatty acid intake and could be from 
some other factor associated with fish 
consumption. 

A similar position was taken by the 
NCEP of the National Institutes of 
Health (Ref. 35): 

’ * ’ There is little evidence that omega-3 
faity ecids are useful for reducing LDL- 
cholesterol levels. Although it has been 
postulated by some that they will reduce the 
risk for CHD, this has not been established. 
Furthermore, it is not known whether long 
term ingestion of these fatty acids will lead to 
undesirable side effects. The use of fish-oil 
capsulf28 a8 a supplement in a therapeutic 
diet for high-risk cholesterol lrveln is not 
recommended here ’ ’ l 

(Ref. 35, p. 33). 

Furthermore, this NCEP document 
distinguished reported protective effects 
of fish consumption from alleged 

protective effects of omega-3 fatty acids 
from fish: 

l l ‘ Consumotion of omega-3 fatty acids 
should be differentiated from-that of f;sh. 
Some fish are rich in omega-3 fatty acids 
while others are not. Epid%miological data 
suggest that frequent consumption of fish of 
any type, seemingly independent of omega-3 
fatty acids, is aaaociated with reduced CHD 
risk. Whether this is true or not, fish can 
serve ae a useful substitute for meats that are 
richer in saturated fats, l l * 
(Ref. 35, p. 33). 

The NCEP’s Expert Panel on 
Population Strategies for Blood 
Cholesterol Reduction (Ref. 35) did not 
comment on the relationship between 
omega-3 fatty acids and CHD but like 
the two other reports above, noted that: 

l l ’ Supplementation of the diet with 
omega-s pcdyunsaturstes, without altering the 
intake of saturated fatty acids, does not 
cause a lowering of LDL-cholesterol. l ’ l 

(Ref. 35, p. 38). 
“The Surgeon General’s Report on 

Nutrition and Health” (Ref. 34) and the 
NCEP reports encouraged consumption 
of fish, but none found adequate 
evidence that omega-3 fatty acids could 
reduce the risk of CHD. Further, the 
NCEP Reports (Refs. 35 and 38) 
specifically did not recommend fish oil 
supplements and cited the lack of 
evidence of beneficial effects and long- 
term safety and undesirable side effects. 
B. Other Reports 

The National Academy of Sciences 
(NAS) Committee on Diet and Health 
noted that reports of low rates of CHD 
among Greenland Eskimos, which 
provided the basis for interest in a 
possible relationship between omega-3 
fatty acids and CHD. were poorly 
documented. The NAS cited eight major 
reviews and numerous individual papers 
on the effects of omega-3 fatty acids on 
plasma lipids and lipoproteins and cited 
the indepth review of Herold and 
Kinsella (Ref. 07) on eicosanoid effects 
of EPA and DHA on hemostasis and on 
metabolism of omega-3 fatty acids. NAS 
concluded that: 

l ’ l Their (omega-3 futty acids] effects on 
LDL cholesterol vary, and data on the loog- 
term health effects of large doses an omega-3 
polyunsaturated fatty acids are limited. 
Limited epidemiologic data suggest that 
consumption of one or two servings of fish 
per week is associated with a lower CHD 
risk, but the evidence is not suffictent to 
ascertain whether the association is causal or 
related to the omega-3 polyunsaturated fatty 
acid content of fish. 

The NAS Committee went on to 
recommend that omega-3 supplements 
should not be used, Hating: 

l * l Although consumption of fish one or 
more timer a week has been associated with 

a reduced risk of coronary heart disease. the 
committee does not recommend the use of 
concentrated fish oil sapptements. becausr 
there is insufficient evidence that they are 
beneficial and the absence of long-term 
adverse effects has not been established. 

In 1986, FDA contracted with the Life 
Sciences Research Organization (LSRO) 
of the Federation of American Societies 
for Experimental Biology [FASEB) to 
review the evidence for the role of 
omega-3 fatty acids in health and 
disease (Ref. 83). The report concluded 
that fish consumption provided: 

1 t t some degree of protection against the 
developmenl of cardiovascular disease. Most 
studies have found an inverse relationship 
between fish consumption and coronary - 
heart disease mortality. The omeae-3 fatty 
acids in fish have been presume&to be - 
responsible for these effects, but whether 
other compounds in fish may be involved 
remains to be determined. 

The LSRO report also concluded that: 
* l l Clinical trials of the use of omega-3 

fatty acids to reduce serum lipid levels in 
patients with various genetic-and induced 
hyperlipidemias have generally been positive. 

apparently meaning triglycerides and 
VLDL, given the full text of the report. 

The LSRO report also cautioned that: 
* * * Animal studies indicate the potential 

for several deleterious effecta Toxicological 
evaluation of products containing these fatty 
acids, especially fish oil concentrate and 
derivatives, is needed. 

FDA contracted for another report by 
the Mitre Corporation to define health 
effects of refined menhaden oil, a rich 
source of omega-3 fatty acids. This 
report (Ref. 72) identified major effects 
of omega-3 fatty acids as alterations in 
production of various bioactive 
compounds, increased bleeding (with 
particular concern for various h&ding 
conditions such as childbirth, ulcers, 
hemophilia, and menstruation), reduced 
pl,telet aggregation, and attenuation of 
inflammatory response. It also noted 
that effects on blood lipids other than 
triglycerides were not clearly 
established. 

A second LSRO report contracted by 
FDA as part of FDA’s information 
gathering effort divided the topic into 
six areas: Hypertension: thrombosis: the 
growth of the atherosclerotic plaque: 
hyperlipidemia and lipoprotein 
disorders: diabetes mellitus; and clinical 
trials in coronary patients. Brief 
synopses of selected scientific reports 
were presented in each section, 
followed by a summary of the full report 
and conclusions. LSRO concluded that 
there may be a decrease in total 
cholesterol and LDL concentrations 
without HDL being decreased but did 

, 
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not explain how these conclusions were 
reached [Ref. 100). It concluded that 
there was an effect of omega-3 fatty 
acids on the development of the 
atherosclerotic plaque but cited only 
animal studies as evidence. It concluded 
that omega-3 fatty acids affect platelet 
function but did not provide evidence 
that the altered platelet function would 
or would not reduce the risk of CHD in 
humans. It described an effect of omega- 
3 fatty acids on blood pressure but did 
not distinguish between healthy and 
hypertensive subjects. Finally, it 
concluded that there was a basis in 
international epidemiological findings 
for a relationship between fish 
consumption and CHD but did not 
demonstrate that the omega-3 fatty 
acids in fish were the components 
responsible for the association. 

In summary, omega-3 fatty acids were 
considered separately from total fat and 
polyunsaturated fat by the Federal 
government and other comprehensive 
reports, because these fatty acids may 
produce protective effects on CHD. 
None of these documents except the 
LSRO report found the evidence for a 
relationship between omega-3 fatty 
acids and CHD to be persuasive. 
C. Review of the Scientific Literature 
1. Evidence Reviewed 

A number of human studies have been 
reported since publication of the Federal 
government and other comprehensive 
reports described above. m)A 
conducted a thorough review of the 
literature published between January 
1986 and August 1991 and found 
numerous research papers directly and 
indirectly related to the topic. 

The criteria that the agency used to 
select pertinent papers for its review 
were: (1) Presentation of primary data 
and adequate descriptions of study 
design and methodologies sufficient to 
allow an evaluation of the quality and 
relevance of the study, (2) availability in 
English, (3) a quantitative estimate of 
the amount of omega-3 fatty acids used, 
and (4) quantitative data on CHD or a 
marker associated with CHD. In general, 
FDA considered randomized, double- 
blind, placebocontrolled trials to be 
more valuable than other types of 
human studies because they were less 
susceptible to bias, and because they 
allowed inference about specific effects 
of omega-3 fatty acids. 

Epidemiologic evidence for an 
association between omega-3 fatty acids 
and heart diseas, is of two types, 
descriptive and a;lalytical. Descriptive 
epidemiology studies include 
correlational studies in which grouped 
population data are examined. 

Analytical epidemiology studies 
examine exposure and outcome in the 
same individual. These include cross- 
sectional studies in which dietary 
exposure (e.g., fish consumption) is 
measured at a single point in time and 
compared to a health outcome such as 
CHD, praspective studies in which 
dietary exposure is measured at the 
beginning of the study and the subjects 
are followed over time to compare 
exposure and health outcome, and 
intervention studies. 

The criteria used in evaluating 
epidemiological studies included the 
following: (1) The reliability and 
accuracy of the methods used in food 
intake analysis and measurement of 
disease endpoints, (2) the choice of 
control subjects (e.g., hospital-based 
versus population-based), (3) the 
rcpresentativeness of subjects, (4) the 
control of confounding factors in data 
analysis, (5) the potential for 
misclassification of individuals with 
regard to dietary exposure or disease 
endpoints, (6) the presence of recall bias 
and interviewer bias, and (7) the degree 
of compliance and how compliance was 
assessed. 

FDA evaluated the weaknesses and 
strengths of individual studies (see 
“Assessment” column of Tables 1 and 
2). It then assessed the strength of the 
overall combined evidence (e.g., 
epidemiologic studies including clinical 
trials and animal studies); taking into 
account the strength of the association, 
the consistency of findings, specificity of 
the association, evidence for a biological 
mechanism, and presence or absence of 
a dose-response relationship. FDA’s 
conclusions reflect the strength of the 
data and consistency of the results. 

FDA considered encapsulated fish oils 
concentrated in omega-3 fatty acids to 
be a valid test material because such 
use provided some basis to find that the 
component responsible for observed 
effects was the omega-3 fatty acids. The 
agency also gave greater weight to 
studies in which compliance was 
documented with a biological marker of 
treatment, e.g., plasma or tissue 
phospholipid content of EPA and DHA. 
when measurements demonstrated 
internal validity of the study, and when 
the amount of omega-3 fatty acids in the 
total diet was assessed than to studies 
that were not as carefully done. FDA 
considered the level of dietary intake of 
omega-3 fatty acids used in a study, 
because the agency considered it 
important that if this substance is to be 
considered to be a food, intake levels 
should be consistent with an amount 
that could be consumed in a normal diet. 

While FDA considered studies using 
healthy populations to be the most 

relevant to the issue, it also considered 
studies in subpopulations with CHD or 
risk factors for CHD. FDA extrapolated 
positive results from at-risk populations 
cautiously, however. While FDA 
assumes that the same mechanism of 
CHD risk is affected by omega-3 fatty 
acids in both high risk and generally 
healthy populations, the agency believes 
that the high risk population may be 
more sensitive to showing an effect. 
When it did make extrapolations. FDA 
considered it essential that data 
showing the same effect in the general 
population were also available. 

FDA evaluated the weaknesses and 
strengths of individual studies reviewed 
(Tables 1 and 2). FDA then assessed the 
strength of the overall combined 
evidence [e.g., epidemiologic studies and 
animal studies] in light of five factors, 
strength of association, consistency of 
findings, specificity of the association, 
presence or absence of a dose-response 
relationship, and biologic plausibility of 
an association. 
2. Epidemiologic Evidence 

a. Correlational and cross-seclional 
studies. A protective effect EPA and 
DHA on the development of CHD was 
hypothesized based on data comparing 
rates of heart disease among Greenland 
Eskimos and Danes (Ref. 39). 
Greenlanders residing in Greenland had 
approximately tenfold lower death rates 
from ischemic heart disease than 
Greenlanders who had migrated to 
Denmark. Dietary factors were 
hypothesized to explain this difference. 
Compared to immigrant Greenlanders 
living in Denmark, those living in 
Greenland consumed comparable 
amounts of total fat but ate less than 
half the saturated fat: over 50 percent 
more monounsaturated and 
polyunsaturated fat: and nearly five 
times the amount of omega-3 fatty acids. 
However, since whale blubber and seal 
(also sources of omega-3 fatty acids) 
were consumed by the Greenlanders 
much more frequently than fish, 
components of the Eskimo diet other 
than omega-3 fatty acids may be 
important determinants of CHD risk. 

Three studies found an inverse 
relationship between fish consumption 
and CHD, from rural Japanese, urban 
Japanese, Japanese Americans, and 
Caucasian Americans (Ref. 76) and 
among various Japanese communities 
(Refs. 66 and 75). 

However, other similar studies have 
not found a relationship between fish 
consumption and CHD. An international 
correlational study found only a modest 
association between fish consumption 
and CHD mortality across widely 
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different populations (Ref. 23). and when 
other dietary variables were controlled, 
the relationship was no longer apparent. 
CHD mortality in two provinces in 
Canada was not correlated to per capita 
fish intake in those provinces (Ref. 74), 
nor was a correlation found in two 
Norwegian comnnmities (Ref. 141) with 
differed fish consumption. 

b. P~~~~pective studies. A prospective 
study of852 men found that an average 
consumption of 30 grams (g) of fish per 
day over a 30-year period reduced the 
risk of CHD by more than 50 percent 
[Ref. 87). Two reports from the United 
States also found a beneficial effect 
attributable to fish consumption (Refs. 
38 and 137). 

Other studies in Honolulu (Ref. 25) 
and Norway (Ref. 158) did not find any 
relationship between fish consumption 
and risk of CHD. Also, a study from 
Sweden (Ref. 113) reported an effect, but 
it was not statistically significant. These 
nonintervention epidemiologic studies 
are summarized in Table 1. 

One type of evidence that would 
support a causal relationship between 
two factors is a dose-response 
reiationship, where the degree of effect 
of an active component is related to the 
amount of the component. In those 
studies that reported a protective effect 
of fish consumption on CHD, each found 
the effect was related to the amount of 
fish consumed (Refs. 87 and 137). One 
study related the risk to the calculated 
amount of omega-3 fatty acids in the 
diet (Ref. 38). The effect of fish 
consumption on CHD is seen with small 
amounts of fish (Le., about 30 g per day 
(g/day)), and therefore, small amounts 
of omega-3 fatty acids (Ref. 88). The 
results from these studies are viewed by 
FDA as ambiguous. Not all the studies 
found a relationship between 
consumption of fisn containing omega-3 
fatty acids and CHD. Only one study 
related the protective effect to the 
calculated amount of dietary omega-3 
fatty acids rather than to consumption 
of fish (Ref. 38). Other dietary variables 
known to be related to CHD were also 
correlated with fish consumption in 
these studies. For example, in the 
prospective study of 852 men (Ref. 87), a 
number of otirer dietary variables that 
may indeper dently be related to the risk 
of CHD were also related to fish 
consumption. In this Ltudy, men who 
consumed the largest amounts of fish 
also consumed significantly more 
alcohol and monounsaturated and 
polyunsaturated fatty acids than men 
who did not eat fish. Thus, dietary 
factors associated with fish intake other 
than omega-3 fatty acids may account 
for the observed positive correlations. 

Furthermore, the estimated content of 
omega-3 fatty acids in the amount of fish 
reported to be protective against CHD is 
very low, so low that their level calls 
into question whether the omega-3 fatty 
acids in fish are the component 
responsible for the reported protective 
effect. Also, the dose-response 
relationships repor%& differ somewhat. 
In Kromhout et al most of the reduction 
in risk occurred when only 140 14 g/day 
of fish were consumed (about 0.3 B EPA 
plus DHA) (Ref. 87). In contrast, the 
study that related CHD risk to estimates 
of omega-3 fatty acids consumed (rather 
than fish) found the effect was 
pronounced only among those who 
consumed the greatest amount of 
omega-3 fatty acids, 0.66 g/day on 
average (Ref. 38). 

Finally, in the studies in which 20- or 
25-year mortality from CHD was related 
to fish consumption (R&s. 87 and 137), 
dietary data were collected only during 
the first year of the study. Thus, these 
studies do not distinguish between a 
protective effect of fish consumption at 
an early point ln life and an effect from 
chronic fish consumption. The shorter 
duration foltowup Multiple Risk Facto1 
Intervention Trial (MRFIT) study I 
estimated dietary consumption from 24- 
hour recall data collected approximately 
yearly over the 6year followup and 
supports that conttnued consumption of 
omega-3 fatty acids, rather than simply 
early life consumption of fish, has a 
protective effect (Ref. 38). 

Overall, these studies are considered 
to be ambiguous because they are not 
capable of distinguishing the effects that 
are specific to omega-3 fatty acids from 
those that are related to fish 
consumption. 

c. Intervention studies. Although 
experimental trials are considered to be 
the most useful to infer causal 
relationships, only one study of this type 
has been completed on omega-8 fatty 
acids and CHD (Ref. 16). The study was 
conducted among 2,033 male survivors 
of previous heart attacks who were 
advised to increase their consumption of 
fish and of fiber and to decrease fat 
intake. All ccmbinations of these three 
types of advice were given. Another 
group, serving as a control, received no 
advice at all. Mortality was assessed 
over the following 2 years. Those 
subjects who were advised to increase 
fish consumption had a 29 percent lower 
death rate, attributable entirely to 
deaths from CHD, than subjects advised 
to increase fiber or decrease fat 
consumption but not advised to increase 
fish consumption. However, the rate of 
occurrence of a second heart attack was 
not different between the fish-advice 

and nor&h-advice groups. Fish 
consumption was measured by a dietary 
questionnaire in a subset of subjects in 
the fish-advice group. The amouna of 
fish reported by Burr et al. to be 
protective was modest, approximately 
200 to 400 g fish per week [Ref. 18). 

Some (14 percent) of the men at 6 
months into the trial, and more (22 
percent) at the end of the 2-year trial, 
consumed encapsulated fish oil rather 
than the prescribed amount of fish (300 g 
per week, or about 2.5 g EPA per week). 
However, separate data for the fish 
consumers and fish oil. consumers were 
not presented, so the effects of fish oils 
cannot be compared to the effects of fish 
consumption. No dose-response analysis 
was performed and no biochemical data 
were reported documenting the 
ingestion and incorporation of omega-3 
fatty acids. Data were not reported on 
the effects of advice about fish 
consumption on markers of CHD, i.e., 
serum cholesterol (although it was noted 
the t the fish-advice group had increased 
total serum cholesterol at 6 months and 
unchanged total cholesterol after 2 
years), making it difficult to put the 
results af this study into context of other 
studies reporting similar data. 
3. Evidence Relating Omega-3 Fatty 
Acids to Intermediate or Surrogate 
Markers of CHD 

Most information about the effects of 
omega-3 fatty acids on CHD has been 
derived from clinical trials using 
concentrated fmh oils enriched in EPA 
and DHA and in some cases, in purified 
methyl or ethyl esters of EPA and DHA. 
These studies have not measured 
occurrence of heart attack or CHD death 
as an endpoint but instead used 
surrogate markers for CHD, e.g., serum 
lipids, blood pressure, measures of 
clotting, and clot dissolution. While 
these markers are limited in their ability 
to predict CHD, they are easily 
measured and provide important 
information about intermediates in the 
disease processes. The amount of 
omega-3 fatty acid intake in studies 
usir:g fish oils is usually greater than the 
amount of omega-3 fatty acids in fish 
diets associated with reduced risk of 
CHD. 

The clinical effects of omega-3 fatty 
acids from fish oils are generally 
evaluated relative to two categories: 
Effects on atherosclerosis and on blood 
lipids closely correlated with 
atherosclerosis, and effects on 
thrombosis (aggregation of blood 
platelets and fibrin leading to blood clot 
formation) and hemostasis (tbe arrest of 
bleeding). However, there are other 
potential effects of omega-3 fatty acids 
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that UX&I affect risk of CHD that alsa 
require evaluatian, eg, whether omega- 
3 fatty acids &e l&xl -sure. 
Table 2 is a wnuaary of data from 
clinical trials published since 1987. 

a. Ahems&msisi. Nood lipids. 
The effects of&&oils and high WI 
diets on bk& hawe been stltdiad 
because aucb effects, if denmnstrated, 
would represent a mechanisra by which 
omega-3 fatty acids could reduce risk of 
CHD. Although me studies of high fish 
diets repurted seductions d serum 
cholesterol and LDL and VLDL 
cholesterol %beae &dies also involved 
substantial a in other components 
of the diet, primarily the replacement of 
saturated fat with unsaturated fat @efs. 
17.62, and 117). Thus. the effects could 
not be definitively attributed to omega-3 
fs t ty acids. Most recent studies have 
used fish 02 supplements containing 
omega-3 fatty acids rather than fish and 
have used a placebo containing 
alternate polyunsaturated fatty acids in 
sn attempt to avoid confounding e&feds 
of other diet components. 

The predominant blond lipid effects uf 
fish oils in normal subjects, in 
subpopulations w&b diseases or medical 
conditions associated with increased 
risk of CHD, aad in subjects with 
diagnosed CHD are decreased plasma 
triglycerides and VLDL which is rich in 
triglyceride and cholesterol. However, 
these blood lipids are not generally 
considered independent risk factors for 
CHD (Refs. 35%. and 115). The effects 
on total cholesterol, LDI. cholesterol. 
and HDL cholesterol have been 
variable. 

Most studies of normal, healthy adults 
show no significant effect that can be 
specific& attributed to fish oil on 
serum total chok~&erd LDL. or HDL 
cholesterol (Refs. 9,14,l5.l7.20.24,31, 
43,4&49,53,54.59,73,98,99,104,109, 
146.150.155, and 165). Only feur of 
these studies were carried out in a 
rxxdomized. double-blinded, placebo- 
controlled design @efs. 6, 24. 64, 73, and 
156). although other studies either 
randomized the subjects (Refs. 9.14,49, 
and 54) or matched test subjects and 
controls (Refs. 15,20,31, and 156). Some 
used a crossover design (Refs. 1~ and 
17). Some studies reported no effects of 
fish oils or used relatively small 
numbers of subjects. and may not have 
had sufficient siatisticaJ power to detect 

. a difference (Refs. 15, 24, 31. 48, 59, Q9, 
10-l. and 145). TWQ studies used fish as 
the source of omega-3 fatty acids (Refs, 
I 7 and 156) which does not provide a 
basis on which to separate the effects of 
omega-3 fatly acids from the effects of 
other components of fish or on which to 
sqlurate the effects of polyunsaturated 

fatty acids from the effects of omega-3 
fatty acids. The studies ranged in 
duratirm fm only 3 weeks of treatment 
to 12 weeks. 

The studies with the most rigorous 
desiga and -es1 number of subjects 
found that supplementation with fish 
oils, M  incraas@ d&&q fix& 
consump%n, res&ed in decreased 
blood triglycerides among normal, 
heal&g subjects {R&s. $49.~. and 
156). The only studies among norma’l 
subjects where no decrease in 
triglycerides was found either used very 
small dmxs in a mall numbers of 
subjects {Croset et al. 1%~ nsed MKJ mg 
EPA/d in 5 subjects: Lox 1990b used 900 
mg EPA plus DHAfd in 9 subjects), or 
the decrease was marked but not 
statistically significant (Be%. ~9 and 73). 

The studies with the most rigorous 
design and largest number of subjects 
also found that there was no effect of 
fish oils 0~1 total serum choIestero1 (Refs. 
5,9, 14,&J, 54. 73, and 155]. The only 
study rep&~ decreased total 
cholesterol fed 30 to QO percent of 
calories from fish oil, con&unding 
effects of omega-3 fatty acids MKI 
polyunsaturated fatty acids (Ref. 59). 

These same studies found no change 
in LDL cholesterol, except that Fumeron 
et al. (1991) repvrted increased LDL 
cholesterol. Similarly, most studies did 
not find a sign&ant effect on total HDL 
cholesterol (Refs. 6,~. 14,31,54,73, and 
155). Flaten et al. (1990) and T&m&o et 
al. (1989) reported a decrease in total 
HDL ch-olesterol at 6 weeks of 
supplementation, but these studies used 
relatively high drrses (7.7 g EPA plus 
DHA/d and 8.2 g EPA plus D&IA/d. 
respectively). Neither study co&roiled 
for polyunsaturated fatty acids. 
Compared to saturated fat diets, fish 
diets may reduce HDL cholesterol (Ref. 
17). although an increase in HDL 
cholesterol was reported after fish 
paste, oompared to meat paste 
supplements. were added to the diet 
(Ref. 17). Some investigators (Refs. 9 and 
54) have reported that supplementation 
with fish oils increased HI& 
cholesterol, the particular subfraction of 
HDL that is most closely related to 
decreased CHD risk (Ref. 3), whereas 
others found no change (Refs. 14 and 
49). 

Date have also been reported on the 
apoproteins associated with LDL (apoE%) 
and with HDL fapoA). in contrast to the 
cholesterol associated with these 
lipoproteins. No effect of fish oils has 
been found [Refs. 8, !x, and 73). 
Although there are fewer data reported. 
it appetlrs that apoprotein components 
of lipoproteins respond in the same 
manner as the cholesterol component, 

i.e., lower after feeding polyunsalurates. 
including fish oils, than after a satuwted 
fat diet (Ref3.43 and 53). 

Thus, except for a study in which very 
large amounts of fish oils were fed, 
recent studies have not found fish oils to 
moMy tatal serum cholesterol, LDL 
cholesti, HDL ohaiestemi. of the 
apoprdeins associated with these 
lipoprotieins in normal subjects. The 
possibility of a selective increase by fish 
oils containing omega-3 fatty acids of 
HDLa (a fraction of HDL) cholesterol, 
which is inversely related to CHD, is the 
most promising change in blood lipids 
yet reported, but the data reported to 
date are equivvcal. 

There have been nany studies 
recently on the effects of fish oils on 
serum lipoproeins among 
hyperlipidemic subjjts (people with 
elevated blood cholesterol with or 
without elevated triglycerides), 
hypertriglyceridemic subjects (people 
with high blood triglycerides), and 
subjects who already have CHD. Most 
of these studies bad strict designs, 
including randomization with or without 
crossover, bIinding, and plncebo 
treatments (Refs. 2@, 29,43,5¶. 63.50. 
105,Il4,119.121,129, MO, 150,154, and 
155), but similar results were found in 
less rigorously controlled studies (Refs. 
28,50.107.130,145, and 148). As in 
normal, healthy persons, the most 
reproducible effect of fish oils 
containing omega-3 fatty acids in these 
subpopxxiations is a decrease in serum 
triglycerides with the most marked 
reductions for those subjects with 
highest starting values. In addition, in 
common with the results in normal 
subjects, most studies in 
hyperIipidemics found no change in total 
serum cholesterol. In contrast to normal 
subjects, however, most studies on 
hyperlipidemic subjects reported an 
increase in LDL cholesterol following 
fish oil supplementation (Refs. 26 (for 
males), 50,51, 53. 80,94,114,119, 121, 
130,14U,146,154, and 155), although a 
few found no change compared to olive 
oil (Refs. 29,105, and 107) or may not 
have had sufficient statistical power to 
detect a difference (Ref. 43). One 
reported a decrease (Ref. 748). The level 
of apoB has also usually been found 
higher after fish oil consumption (Refs. 
29, 43, 50. 51,133, and 1W). HDL 
cholesterol is usually reported as not 
changed {Ref. 1X4), but some increases 
and decreases have been reported (Refs. 
26 (males), 29.53, and 130). Takimoto et 
al. (1989j and Radack et al. (1990) 
reported lower HD& cholesterol. 

ii. Vessei waN effects. Another wag 
that omega-3 fatty acids could affect the 
process of atherosclerosis is through 



60670 Federal Register / Vol. 56, No. 229 / Wednesday, November 27, 1991 / Proposed Rules 

changing the way cells of blood vessels 
respond to factors that promote 
atherosclerosis. The cells of blood 
vessels produce compounds from 
omega-3 fatty acids that have many 
functions related to the health of the 
blood vessel (Refs. 41,48,160, also see 
animal studies in Refs. 59, and 138). 
Some of these functions are keeping the 
muscle ceils of the blood vessel wall 
relaxed, keeping the vessel elastic and 
pliant, and dissolving small blood clots 
attached to blood vessels. An increase 
in consumption of omega-3 fatty acids 
results in increased production of the 
compounds that relax or dilate the 
vessel wall at the same time that they 
decrease the formation of compounds 
that constrict the vessel wall (Ref. 28). 

Through the compounds they form in 
the blood vessel wall, omega-3 fatty 
acids may prevent the infiltration of 
certain white blood cells, called 
monocytes. into the vessel wall, and 
monocytes themselves produce 
compounds that increase the 
inflammatory process (Refs. 82 and 182). 
Recent studies reported that white blood 
cells taken from normal men and 
hyperlipidemic men who consumed fish 
oil containing EPA plus DHA at levels 
as low as 1.3 g/day for 6 weeks have a 
reduced chemotactic response, i.e., they 
are not as strongly attracted to 
stimulants (Refs. 135 and 138). 

An area studied recently is the effect 
of fish oils on restenosis, that is, the 
reclosing of a vessel after mechanical 
opening. Although the use of omega-3 
fatty acids in this context is clearly a 
drug usage, these studies have been 
cited as evidence of the role of omega-3 
fatty acids in the maintenance and 
normalization of vessel function. One 
study found reduced rates of restenosis 
when fish oil was given in addition to 
two other anticoagulant drugs beginning 
about the time the subjects underwent 
angioplasty (the term for the procedure 
used to open the vessel) (Ref. 38). 
However, this study was not blinded, 
and the results are limited to fish oil 
used in combination with other drugs. 
Other studies where double-blind 
conditions were maintained, where 
placebo controls were used, and where 
restenosis was confirmed by 
angiography, show no effect of fish oils 
(Refs. 58, 106. and 120). 

In summary, the recent data on blood 
lipid responses of persons and among 
groups at high risk of CHD do not 
support the use of omega-3 fatty acids to 
reduce the risk of CHD. There is no 
effect of omega-3 fatty acids on blood 
cholesterol, LDL cholesterol, or apoB or 
npoA, and the effect on HDL cholesterol 
is ambiguous. There is very little data on 

the effects of omega-3 fatty acids on 
blood vessel integrity in humans, and it 
has not been established whether the 
type and magnitude of effects of 
compounds produced from omega-3 
fatty acids results in a reduced risk for 
CHD. 

b. Thrombosis and hemostasis. The 
other primary area in which omega-3 
fatty acids may affect the risk of CHD is 
through their hypothesized effect on the 
formation and dissolution of blood clots 
(thrombosis and hemostasis). A 
decrease in clot formation, or an 
increase in the breakdown of clots, is 
generally believed to help prevent CHD 
deaths. 

i. Bleeding times. One effect of omega- 
3 fatty acids is an increase in the time it 
takes for a small cut to stop bleeding. 
Bleeding times are often used as an 
indicator of the balance between 
necessary clotting (to prevent excessive 
bleeding) and excessive clotting (which 
may occlude blood flow). Increased 
bleeding times were observed among 
Greenland Eskimos by Dyerberg and 
Bang (Ref. 39) and were interpreted to 
be one of the reasons these people had 
reduced CHD risk. Many studies since 
have reported that fish oil 
supplementation increases bleeding 
times in normal subjects (Refs. 88 and 
166) and in subjects either with risk 
factors for CHD or with diagnosed CHD 
(Refs. 28. 59, 95.144, 145, and 188). 
However, some of these studies used 
quite high doses. Harris et al. used 28 g 
EPA plus DHA/d (Ref. 59). Levinson et 
al. used 50 milliliter (mL) maximum EPA 
or 18 g EPA plus DHA/d or used 
anticoagulants concurrently (Ref. 144). 
Others reported no effect (Ref. 57). 

The bleeding time increase with fish 
oils is additive with increased bleeding 
following aspirin (Ref. 84). However, 
most reports suggest that serious 
bleeding is not an issue in patients 
supplemented with omega-3 fatty acids 
from fish oils even when fish oils were 
used in conjunction with aspirin (Refs. 
22.28, 56,106, and 144). One recent 
review concluded that bleeding times 
are not correlated with serious bleeding 
(Ref. 125). 

ii. Platelet aggregation. Another 
measure of clotting affected by omega-3 
fatty acids is the aggregation of 
platelets, blood components that initiate 
clotting. This is an important area of 
study because spontaneous platelet 
aggregation has been reported to be 
inversely related to occurrence of heart 
attacks and CHD deaths in a population 
of survivors of a heart attack (Ref. 152). 
Platelet aggregation is generally 
considered to be decreased by fish oil 
consumption (Refs. 87,70,86,159, and 

162 for reviews; also in normal subjects 
see Refs. 2. 8, 24, 54, 96, 143, and 166). 
There were two studies among normal 
healthy subjects that found no effect 
(Refs. 73 and 150). but that result may be 
attributable to the small sample size. 
Reduced platelet aggregation has been 
reported for diseased populations (Ref. 
28). except that there are other studies in 
which no effect was found (Ref. 93 
through 95, and 134). possibly because of 
small numbers of subjects. 

Other measures of platelet function, 
e.g.. platelet activation, adhesiveness, 
and survival, are also affected by fish 
oils. Fish oil reduces platelet activation 
and adhesiveness and increases platelet 
survival (Refs. 94,96, and 144). 

Also, other blood-related properties 
besides platelets are affected by fish 
oils. Red blood cell deformability is 
increased and blood viscosity is 
decreased after consumption of fish oils 
(Refs. 18, 42. 145, and 189). which may 
affect the consequence of formation of 
small clots. 

The relationship between platelet 
aggregation and the risk of heart attacks 
or CHD death in the general population 
is an important line of evidence that 
would support drug claims and perhaps 
health claims for omega-3 fatty acids. 
Although there is some evidence that 
changes in platelet aggregation may help 
prevent second heart attacks (Refs. 86 
and 112) it has not been shown that 
changes in platelet aggregation in the 
general population will reduce the risk 
of CHD. The importance of other 
platelet or blood effects of omega-3 fatty 
acids on risk of CHD also has not been 
established. 

iii. Regulators of bleeding. Markers for 
CHD other than cholesterol and blood 
lipids have also been found. One is the 
level of a plasma protein called 
fibrinogen, which is involved in blood 
clotting (Ref. 102). The effects of fish oils 
containing omega-3 fatty acids on 
fibrinogen were evaluated in IO studies. 
One study had no control (Ref. 134) and 
one was confounded by concurrent 
anticoagulant therapy (Ref. 144). One 
compared fish paste to meat paste, so 
the effect of omega-3 fatty acids cannot 
be distinguished from other components 
in fish (Ref. 49). Among the remaining 
seven studies, six were randomized 
studies and one was a matched, 
controlled study. Four found a 
significant reduction in fibrinogen levels 
compared to olive oil (Refs. 49.71. and 
117) or soybean oil (at a high dose of 
omega-3 fatty acids only, not at a low 
dose, Ref. 57). One study found reduced 
fibrinogen in the group fed fish but not 
in the group fed fish oil (Ref. 29). raising 
the possibility that components of fish 



other than the omega-3 fatty acids were 
responsible far the effect. In the 
remaining two studies, no effect wa8 
found compared to a corn of placebo 
(Refs. 11 and 118), and one study 
showed that both corn oil and fish oil 
reduced fibrinogen comparably (Ref. 
118), suggesting that the effect was 
produced by polyunsaturated fatty 
acids, not specifically omega-3 fatty 
acids. 

Similarly. no clear relationship 
between omega-3 fatty acids and factors 
involved in dissohting blood clots has 
emerged fRef% 2& 104, %6, and 131). 
Finally, a p&iculer component of one of 
the l@opm&&, traopiotein {a) is also 
considered a ma&zer for &mmsclerotic 
disease by its m@aSon of f&rinulysIs, 
but the effects ob omega-3 &My a&Is on 
lipoprvteln 6) Bave only been reported 
in abstrad%s. 

iv. B~~~E+SSURZ One of the mosl 
consistently reported effects of omega-3 
fatty acids from fish oils is a decrease in 
blood pressure. Among normal he&by 
subjects, seductions have been reported 
for systolic blood presdwe @ta. 6, eq 
49, and SO); reductbms in diastolic blood 
pressure have wt been s&n&ant 
(except Haglund et al. 1990, but the data 
for Haglund et at 1990 are confounded 
because separate data were not 
reported for heeltby subjects end 
subjects with CHD [Ref. 57)). One study 
among normal, heelthy men &wed that 
a mixed dietary supplement containing 
fish oil educed ays%&c blood pressure, 
whereas no effect was seen when the 
supplement contained linseed ofl or 
safflower oil (I&i& N#. Other studies in 
nwmsi idthy adub fmmd &et the 
reduction in b&d pressure following 
consumptkn d #ii dils was 
comparable (B the Tim after 
consumption of &her polyunsaturated 
oils [Refs. 20 and 49) m f&& no 
significant chaage after consumption of 
fish oils (Refa a and 73). 

In one report of a at&y of 
hypertensivea [Ref. 11). a moderate dose 
(5.1 g/day) of purified ethyl esters of 
EPA and III-IA for 10 weeks reduced 
blood pressure proportionally PO the 
increase in plasma omega-3 fatty acids. 
Interestingly, no effect of fish oil was 
found among those subjects who 
habitually consumed three or more 
meals of fish per week. Controlled 
studies among kypertensives and among 
diabetics found reihictions in both 
systolic and dieat& b&d pressure 
(Refs. 11,?7,81i, 18%. and 147). Vety Mgb. 
amounts of fish oil @O ml,Jdday) were 
used in two &these s&&es (R&s. 85 
and 95). and tlx,p%aoe& in one MM.@ 
wes olive o& net $ high pd~ahsa%ed 
oil (Ref. 771, so it is not clear if?& a¶%& 

of fish oil was because of 
pdy~aturated f&y acids or omega-3 
fatty acids. 

Whether rhe magnitude and duration 
of any deerease in blood m 
persist &er longa tarm mumwption of 
omega-3 fatty acids is not known. The 
longest duretieaof9upplement&ion in 
the above studies v~gg G? weeks. 

T4te5erctsults~~afwn~-3 
fatty acids on blood pressure af normal 
subjfsits ate ais&@oas. Sume a&dies 
found a reduction in systolic blood 
pressm aftez consumption of fish ails 
corktaining omega-3 fatty aGii4& whereas 
others did not. F&-me of t&e s&dies found 
a significant rf&cti~ ln diaatDaic blood 
pressure. Theretie, I+ efoa r&z&m ti 
be established &at the 
population will reduce 
vie e reduction in bI0od prewe 
following consumption of omega-3 fatty 
acids. 

In summary. there are e few 
established effecks of omega-3 fatty 
acids from Utah oils on &ombo& and 

changes in bleeding &nes or pMa.let 
fun&olsandsirksfCHDbavenotbeen 
esteblisbed. W&k there is an 
estab&hed relatiousbip between blood 
pressure and CHD. P has not been 
sholwn that omega-3 faaty acids 
specifically affect blood pressure in 
normal subjects in e way that would 
provide a protectliw benefit toward the 
risk of CHD. Ef#ects of omega-3 fatty 
acids on other markers linked with 
CHD, e.g., fibrinogen or lipoprotein la). 
have not been established. 
4.Otber Relevant Information 

a. Animal stu&s. Animal studies. 
where tbe a themsclerosis may be 
measured directly. provide Borne 
evidence of an anti-athemgenic effect 
for omega-3 fatty acids. Studies in 
rabbits (R&J. 65 and 185), pigs {Ref. w), 
rhesus or African green monkeys (R&S 
27 and 118). and dogs (Ref. 80) reported 
that incorporation of omaga-3 fa,tty acids 
in a diet designed to promote 
atherosclerosis act&My reduced 
development of atherosclerotic disease. 
However, other animal studies showed 
no reduction. or an increase, in 
atherosclerotic disease after dietary 
supp4ementation with omega-3 fatty 
acid.9 (R&i. 1% 47,51.f& 87. Ize 123. 
126,end 151~.Thas, thfseams4me Idata 
from a&dies in animals which suggest 
the possibility of a beneficial effect ef 
omega-3 fatty scti on CHQ &wirver, 
the data .aze-&&vocal. 

b. Safety eonsdderatkws. T&Y&J d the 
effects of fish oils coataiRing omf++3 

fatty acids among diabetics show that 
total cboksteml, UX cbolestero2 or 
apoB may increase fRafs. 7,77,79.30& 
110, end ~8). MS.le some studies among 
insulin-dependent &abetics found no 
significant effect of fish oils on the 
ability to maintaln desired levels of 
blood glucose mefs. 77 alad 124). others 
reported tipaired glucose control (Ref. 
55). Other studies on noninsulin- 
dependent diabetics reported that fish 
oil resultad in increased-blood glucose 
(Refs. 44,52,12& and 130). Adverse 
effects on blood glucose control have 
been reported for subjects who werP 
both bypertriglyceridemic and dlebetk, 
either insulin-dependent [Ref. %M) or 
noninsulin depasadent [Ref. 146). La ane 
study there was an in-se in the blood 
trigIyceride Lvel over and above the 
initial level &.er f&&oil 
supplement&ion was discontinued (Ref. 
124). Thus, use of fish oils containing 
omwa-3 fatty Beids may pose particular 
additional risks a-g diabetics, 
regarding both serum lipids and 
glycemic control. 
III. Tenteflve Decision not to Au&o&e 
a Health CIaim ReMing Ingestion af 
Omega-3 Fatty Acids to Bednced Risk of 
Comnary Heart Ese~sa 

h evalusting the soientific evidence, 
FDA cxaudckred the strength of 
association of omega-3 fatty acids wItb 
CHD or surrogate markers for MID, the 
consistency of findings among the many 
studies. the specificity of the outcome to 
omega-3 fatty acids, tbe presence or 
absence of a dose-response relationship, 
and biologic plausibility of an 
association. 

FDA has determined that there is 
inadequate evidence to show that 
increased consumption of omega-3 fatty 
acids wfll reduce the risk of CHD. 
Furthermore, the review of scientific 
information reveals potf&ial setius 
safety concerns about the use of fish da 
containing omaga-3 fatty acids by 
subpopulations who are at increased 
risk for CHD. 

FDA attempted to determine whether 
there was significant scientific 
agreement among experts that the 
totality of publicly availoble scientific 
evidence suppor&ed the claim that 
omega-3 fatty acids reduce &a risk of 
heart disease. FDA r&ewed the 
position taken in numerous Federal 
government and ather autheritetive 
scientific ,repvrta and evaluated the 
totality ofpubliciy avail&e scientific 
evidence that haa become evai4~Me 
since those m were wri@tm. T%e 
fentative de&&n ti deny a belth claim 
is bawd on &e dusions reached 
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following review of these various 
sources of information and conclusions. 

“The Surgeon General’s Report on 
Nutrition, and Health,” the National 
Academy of Science’s Report on “Diet 
and Health: Implications for Reducing 
Chronic Disease Risk,” and the National 
Cholesterol Education Program’s 
“Detection, Evaluation and Treatment of 
High Blood Cholesterol in Adults” each 
concluded that there was inadequate 
evidence of a relationship between 
consumption of omega-3 fatty acids and 
CHD. FDA has rereviewed all the 
relevant cross-sectional data from 
which a relationship between omega-3 
fatty acids and CHD was hypothesized, 
and all clinical intervention data 
published since these Federal 
government and other authoritative 
reports documents to determine whether 
the additional evidence is adequate to 
support a health claim for omega-3 fatty 
acids. 

The LSRO report reached a different 
conclusion than the other authoritative 
reports by finding a relationship 
between omega-3 fatty acids and CHD. 
The report used only selected evidence, 
much of it from animal experiments with 
no clinical counterpart, Furthermore, it 
did not distinguish between the normal 
population and diseased 
subpopulations. Finally, it relied on 
international epidemiologic findings of a 
relationship between fish consumption 
and CHD that was not shown to be 
specific to omega-3 fatty acids. 

The surveys, cross-sectional studies, 
and non-intervention prospective 
studies do not support a relationship 
between consumption of omega-3 fatty 
acids and CHD. Only a few studies 
found an association between fish 
intake and CHD. while others have 
found no association. Thus, there was 
not consistency of findings. None of the 
studies that reported a relationship 
distinguished fish consumption from 
other factors associated with fish 
consumption, and therefore they did not 
demonstrate specificity. Even in those 
studies reporting a relationship between 
fish consumptioh and CHD, it was not 
clear that the effects were because of 
the omega-3 fatty acids in fish. Also. the 
omega-3 fatty acid content of the fish 
diet associated with reduced CHD was 
so low that the importance of omega-3 
fatty acids is questionable, i.e., calling 
into question the biologic plausibility of 
the relationship. 

The data from intervention studies 
also do not establish a relationship 
between omega-3 fatty acids and risk of 
CHD. The most compelling type of 
evidence to support a diet-disease 
relationship is a prospective, double- 
blinded, placebo-controlled intervention 

study, using CHD morbidity and 
mortality as endpoints. To date, there is 
only one such trial (Ref. 16). The results 
of that study showed that increased 
consumption of fish does not reduce the 
risk of a second heart attack but may 
reduce the risk that the attack will be 
fatal. However, as with the 
nonintervention study data, this study 
did not provide evidence to attribute the 
benefit to omega-3 fatty acid intake 
rather than some other factor associated 
with fish consumption (specificity). 
Furthermore, no data were reported for 
biochemical surrogate markers of CND 
(blood lipids, measures of thrombosis or 
hemostasis), so this report cannot easily 
be integrated with results of studies 
where such data were reported 
(consistency). 

Less persuasive than prospective 
studies in which CHD is measured, but 
still very useful, are prospective clinical 
trials in which surrogate markers for 
CHD are measured. These studies have 
usually used encapsulated fish oils 
providing omega-3 fatty acids in 
amounts comparable to or higher than 
the amount that would be consumed on 
a high fish diet (approximately one g 
EPA plus DHA per day], for periods of 
weeks to 6 months. These studies have 
not been designed to show an effect on 
the development of atherosclerosis, so 
evidence is lacking on that topic. Recent 
studies have not found beneficial effects 
on blood lipids from intake of omega-3 
fatty acids in normal, healthy persons or 
in persons at risk for CHD, the same 
conclusion reached in the Federal 
government and other authoritative 
reports (Refs. 34 through 36,63, and 115) 
regarding the effects of fish oils on 
serum lipids. This conclusion was also 
reached in numerous studies 
(consistency), some of which were large 
or multicenter (strength of association). 

An increase in bleeding times and a 
decrease in platelet aggregation have 
been observed consistently in normal 
healthy individuals as we!1 as in 
diseased persons who consumed fish 
oils. The effects of decreased platelet 
aggregation are plausibly related to the 
intake of omega-3 fatty acids, and there 
is a dose-response relationship. What 
has not been established, however, is 
that platelet aggregation is a bona fide 
surrogate risk factor for CHD in the 
general population. 

Omega-3 fatty acids have been shown 
to reduce blood pressure in hypertensive 
people to a small degree, which may 
bear on a relationship between omega-3 
fatty acids and CHD. The effect was not 
of large magnitude, but it is specific to 
omega-3 fatty acids, has been reported 
by a number of investigators, a dose 
response was found, and the effect is 

plausible. However, it has not been 
established that omega-3 fatty acids 
reduce blood pressure in normal 
subjects [lack of consistency, weak 
effect, absence of dose-response 
relationship]. Additionally, it has not 
been demonstrated that the magnitude 
and duration of changes in platelet 
function or blood pressure observed in 
short-term studies will persist during 
long-term consumption of omega-3 fatty 
acids. Finally. the potential that omega-3 
fatty acids may further increase the risk 
of CHD, through increases in LDL 
cholesterol or apoB among diabetics and 
hyperlipidemics, and the potential that 
omega-3 fatty acids may worsen control 
of blood glucose in diabetics, are 
significant safety concerns. 

In conclusion, the totality of scientific 
evidence does not support the claim that 
omega-3 fatty acids reduce the risk of 
CHD. 
IV. Environmental Impact 

The agency has determined under 21 
CFR 25.24[a)(1) that this action is of a 
type that does not individually or 
cumulatively have a significant effect on 
the human environment. Therefore, 
neither an environmental assessment 
nor an environmental impact statement 
is required. 
V. Economic impact 

The food labeling reform initiative, 
taken as a whole, will have associated 
costs in excess of the $100 million 
threshold that defines a major rule. 
Therefore, in accordance with Executive 
Order 12291 and the Regulatory 
Flexibility Act (Pub. L. 96-354), FDA has 
developed one comprehensive 
regulatory impact analysis (RIA) that 
presents the costs and benefits of all of 
the food labeling provisions taken 
together. The RIA is published 
elsewhere in this issue of the Federal 
Register. The agency requests comments 
on the RIR. 
VI. Comments 

Interested persons may, on or before 
January 27,1992, submit to the Dockets 
Management Branch (address above) 
written comments regarding this 
proposal. Two copies of any comments 
are to be submitted, except that 
individuals may submit one copy. 
Comments are io be identified with the 
docket number found in bracke Lc 1~ the 
heading of this document. Receiv 
comments may be seen in the offic 
above between B a.m. and 4 p.m., 
hfonday through Friday. 
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VII. Effective Date 
FDA is proposing to ma!-.e these 

regulations effective 6 months after the 
publication of a fitxl TH!F! hased on this 
proposal. 

Supplementation on Glucose and Lipid 
Metabolism in NIDDM.” Diabetes. 38:1314- 

Inhibits Developmcnl of Alherosclerosis in 
Rhesus Monkeys,” Art&~ .%?erosis. 7:441- 
449,1987. 
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“Dietary Fisk QQ &pp~nrenb Preserve 
Renal Fimctitm i’n Renel Trznspfant 
Recipients wirh Chronic Vascular Rejection,” 
Nephtvlbgy Diw&sis ‘I”ronsplcwtation. 4:lOM- 
1075.1989 

1.50. Takimato: G.. & Galang. G.K. tee., B.A. 
Bradtow, “Plasma Fibrinolytic Activity Aftec 
ingestion of Orn~~a-3 Fatty Acids in Human 
Subjects.” ThronrGos~~ Rcseo&. 54:h;3--82,, 
1989. 

151. Thir?ry. I... D. Seidel, “Fish Qil Feeding 
Resuhs in aaEnhuncement ofCh&sterul- 
induce& Atfle~achrosis. in Rat&its.,” 
Atherosckwsk, 6553-56,. ma7. 

152. Trip. M.D.. V.M Cata, E.l.L. Van 
Capelle. J: Ureeken. “PIate& &pemeactivtty 
and Prognosis h< tivivocs of h&ywti&l 

153. Urakaae. M.,,T..Mamnz~&i~ tt 

Infarction.” New .!Q$au~~~nu~ I$ 
Medicine. 322:1~&1ti%, I%!& 

KiauhiwaSera,K,Om~i,“~&voca$le Effects 
of Rsh Oil Concenh.ata on Risk Facbcs for 
Thrombasis ia Rex& &graft Recipie&,” 
Nophmn, 53~10~109.198!& 

VA. Varek. FL., WS. l&&s. K. Liaftev. 

Brows, S Else&ergf.E &e&w, ‘?Xe@my 
Polyunsabra&d pats of t&W* and V&3 
Series Reduce Postprandial Lipoprotein 
Levels.“‘PourndofG~~ricel Investigrrrion. 
62:188cf893,198& 

184. Wilt. T.J.. R.P. Lofgren, K.E. Nichoi. 
A.E. Schorm; L. Crespin, D. Downes, et aL, 
“Fish Oil Supplementation Does Not Lower 
Plasma Ch&sterof in Men with 
Hypercholes~ia.” knnak of h~errwl 
fifcdiciiw II”~~WS. 198% 

165. Zhu;. B-Q.. D.C. &it%. R.E. severs, 
W.M. I%enbem W.W. Wrml&, “Inhibitin of 
Atherosclero& by Fish QiT i~t%oPesterol-fed 
Rab~s.“JoumcrrodAmerican College of’ 
Car&ology. T2:1073-Ki78.. 1988. 

166. Zucker, ML., D.S. BiEyw GM. 
J t&&amp, W.S. Harrfs. CA. Dujovne, 
YFfec?s OF Dietarv Fish OtP cm Ppet’efet 
Function and plasma Eida in 
J~yperlipoprotenemic andN‘ormet Subjects,” 
Atherosclerosis. 7'3%+-22. T388, 

Food kb.zlli~ I&p&iang sRpli 
recordkeeping reqtPirscmanbs 

PART lf&t-FUCl~ LAEELlkG 

1. The autliorfty citation for 21 CFR 
part 10%’ is revised to read as forJ+ows: 

Au&r&y: Sees. 4 C 8 mb the i?ak Pa&a&@ 
and L&&ng,Act &5 l.JSS, E&%?+ p454,2#8.): 
secs.201.301,402.403.408.501.~ !Kt&arpa 
of the Federai Wad, Drug, and Camme* Ati 
(21U.S.C.323..331,~z.az.34a~~.sw,a~ 
379) 

($ 101.71 Health cta&ns 6kGms nQb 
authmked! 
f * c l * 

L 

(0 Omega-3 fatty acids an& coronary 
heart disease (insect cite and date 9f 
pubtiea&& in the Federal &&&c of the 
final rh). 

I 

Comnrissioncr ofFod uno Dmgg 
Louis W. Sullivprp, 
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TABLF 1 .-OMEGA-~ FATI-Y ACIDS AND CORONARY HEART DISEASE: SURVEYS, CROSS-SECTIONAL, AND CORRELATIONAL STUDIES-COrh’Wd 

Reference / 

Kromhout et al. 
1985 New 
England Journal 
01 Medicine 
3121205. 

Kromhout 1989 
Journal Internal 
Medicine (suppl) 
225: 

Design 
1 I ! 

Subjects / Duration ! Base diet 
I 
, Method / Comments Ftndings 

I / 
Prospectrve study dretary 

questronnatre. 
952 healthy men k-r Zut- / 20 years None . . .._. ..i Adjusted or major 

phen. Holland. 1 CHD risk factors. 
Inverse relationshtp between 

fish consumption and 
CHD mortality. 

First study to report dose 
response. Noted lean fish. 
low in omega-3 fatty 
acids, had some protec- 

Prospective study (number 1 16 cohorts m  7 country 15 years . . . . . . . . . Questionnaire at entry to i 
ttve effect agarnst CHD. 

Correlatron . / Author suggested that CHD i Low mortality ~20 deaths 
of sub)ects not given rn study. Categorization of I survey level of fish con- ! mortality not primarily de- 1 due to CHD per 1000 re- 
paper). Review artlcfe pre- 
sentrng brief summary of 
prevtously unpublished in- 
formation. 

ksh intake as group rather 
than as indwiduals. 

sumption quintiles from ! 
< 10 g/day to 200 g/day. 

Norell et al. 1995 
Wish Medical 
Journal 293:426 

Prospectwe 

Prospectrve dretary ques- 
tronnarre. 

Correlation of dret and 
serum liprds with CHD 
mortality rates in these 
communitres. 

Prospective study .._ _.. 

10,966 Swedes born be- : 14 year Marl questronnacre. 
tween iaa6-1925. folloWp. 

1931 muddle aged men .._._.... ! 25 years .._.__.. j Normal diet __..__..____ . . . . 

. . Adjusted for age. 
smoktng. wetght, 
sex, marital 
status, geography. 
Excluded people 
with hstory of 
hypertension, 
heart disease. 

elusion were weak. 

. . . . Adjusted for major 
risk factors 

I associated with 
/ CHD. 

; Letter to the editor ..______._._...... 

14 males each from farmrng 1 
and fishing commumty. 1 

Short-term . . . ...! 
I 

Normal dret __.___.......... . . . . . . . . . . . . Correlation . . . . . . . . . . . . . . . . . . / Smokmg. sample size, medi- 

I cal records. 

, 
I 

fish consumpbon in the 

havtors including level of pow 60 g/day average 
saturated fat in the duet intake and had <I20 
are important. Need deaths per 1000 due to 
cohort data, unable to de- CHD. Controlling these 
termine fti consumption factors, fish consumption 
in individuals with CHC at a low level may be of 
mortality from this analy- snportance in the preven- 
sis. tion of CHD. 

The author suggested the 
study supported a protec- 
tive effect of fish con- ; 
sumption for CHD mortali- I 
ty. The data for thts con- ~ 

The trend for CHD mortality 
versus ffsh consumption 
was barely stgmfiiant at 
the 90% confidence level. 
The Chi square trend was 
not significant. 

Inverse trend for nsk of 
death and ftsh consump 
tlln. 

No drfferences In CHD rates 
in the two commumties 
despite 2.5 fold greater 

Shekelle et al. 1995 
New England 
Journal of 
Medtcine 313:520. 

Srmonsen et al. 
1987 Acta Medrca 
Scandinavrca 
222:237. 

Vollset et al. 1995 
New England 
Journal Medicine 
3 I 3:820. 

11,000 healthy, middle aged 1 14 years.... . .._/ Questionnaire on dret. fish 
men. 1 consumpbon. 

/ Adjusted for major 
) nsk factors 
I associated with 

CHD. 
--- 

Abbrevcations used: CHD. coronary heart disease; d, days 

! coastal group. 
Letter to the edrtor . No relationship between fish 

t consumption and CHD 
except in men under 45 
years old. 
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Tmu2 2.--OfsGA-3 FATTY ACIDS AND CORONARY HEART DISEASE: CUN~CAL !3nfoI~s 

Abbey et at. 1990 
Tart-Otis 
10%. 

Agren et al 1990 
nutmbek 
Research 57565. 

Bachetal. lBs9 
Annakoi 
NlIb%b 
bWaii&m 
33:359. 

Bagdade et al. 1990 
Lxvbetes 39:426. 

Blank et at. 1990 
Amefican dolIma/ 
f3inicd M.ttrition 
52:120. 

Bonaa et al. 1990 
New E@and 
Lbumal-6 
322z795. 

Design 

Randomized. dose 
fElspolls9. 

Randomiz5ddouble 
Mind ptacebo- 
controtled trial. 

3andomr2ed non- 
Winded. piacebo 
contconed. 

&ration 

3.4 g EPA plus 
(Ma&PA) * 
safflower, lin 
oils. 

12 weeks.... D.25. 0.5. 0.6 a 
1.1 g EPA + 
DHA from fn 
water fish. 

I month....,. B g MaxEPAld 

i weeks...... t.3or2.5gEP 
plugDHAfro 
salmon oil/d 
Mlyol612. 

I months..... 

l.S.3.6gEPA 
DHA ethyl m 
d. 

5.1 g EPA plus 
firi emyt esie 
cornou. 

Amount .Sllb@CtS 

11 nonnoteW3ive 

i$!Lhd0St‘Wd%. 
mk mates. 

IO0 healthy male 
students. 

‘maleand 
female 
hamodlialyaia 
patients. 

IO healthy ad&a I... 

I ncvmoliic 
insutindependenl 
diabetic women. 

57 hypertensive 
healthy. age 34 to 
60. 

Findings 

S CM HDL, IDl; 1 LOL 
1 TGs, VLDL TG ant 

$%-I,: sio ol”g”. 
1 &poA-II, 

S Chol. LDL, HDL, TGs, 
1 BP. plasma viacow 

RBC d&Iii, platelet ag 
gqation. 

TGs; 1 Chat. HDLa, 
g NS LDL. apoB, 

TGs, HI&; f HDL2. 
HDL,: HDL,; NS Chol, 
VLDL. LDL, total HDL; Ns 
SP, Weeding time. RBC 
deformability, leukocyte 
killby. 

; Chol, HDL; 1 BP tinear 
wim change in plasma 
EPA plus OXA; MS bleed- 
ing, fibrinogen. 

Comments 

kncwmnt linoleic acid 
(omega-6) and tinobmc 
acid (omega3) control 
groups allow conch&ns 
at%nJl ornege3 fatty acid 
specilk effects. lmtary 
intake was aMretIed. 
comptiance was moni- 
tored by plasma fatty 
acids. Comparisons v 
baseline vatuas, totlowing 
&weak safflowr oil run-in 
1 HDL on finseed oil 

only. See Kestin et at. 
1990 

Effects on 1.5 fish meals/ 
weeka (0.5 g EPA plus 
DHA) with 12-week dura- 
tion of exposure. Moder- 
ataamountof- 
fish intake can moMed 
platelet function. Concur- 
rent 0.4 fish meal/week 
control group was 
present. Dropouta not ex- 
plained; N=13. 14. or 15 
in Table 2. Design doesn’t 
alkwconcl~about 
emqa3 fatty acid specif- 
tc effects 

Hyperliimis of hemodla- 
lyallpatient!3mcaived6 
gld d MaxEPA for 1 tw 
had beneficii effect The 
investigator wsested 
that long-term multicenter 
studma are needed to 
confirm the efficacy and 
Iokmnca of FO. De&jn 
&esnvdbJw~s 
Er;WO -Y acid- 

rhe amwol oil (f&Jtyot 912) 
cmaista ol TO of prima+ 
ly octanok acid and dec- 
an& acid. No fatty acid 
compesltkmofmecontrol 
and the test diet was 
given. The compkance of 
ma diet wna lla monl- 
tored. 

IDDM and NIDDM may re- 
spond to omega-3 fatty 
acids differently. No dete- 
rioration of diabetes con- 
trol. Long-term benefits/ 
toxictty not estabtished. 
DesigndoeMtattowcen- 
ckrsions aboul ofnaQn-3 
fatty acid-specifk Meets. 

Vorrnal diets, with c 1 frah 
meal/week. Includes a 
12-week washout, show- 
ing return to ba&ina for 
most variabtes. Compb- 
arm indicated by ptasma 
phosphotlprda. Most of 
the observed changes oc- 
curred on me lowest 
dose. 

‘0 decreased BP varies m 
different demqaphk and 
blocllernkal eubgroepa. In 
mk SW. 32% d mhe 
aubjectsdidooldacr8ass 
BP. despite an Increased 
intake of EPA. 
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TABLE 2.-OMEGA-~ FATTY ACIDS AND CORONARY HEART DISEASE: CLIN~AL STUDIES-Continued 

Borkman et al. 1983 
Diabetes 38: 1989. 

Bowles et al. 1991 
Angiolcgy iZ187 

Brown et al. 1990 
Amenixn Joumat 
Cltnkl Nutrition 
52:825. 

Brown and Roberts 
1991 
Arteriosclerosis 
and Thrombosk 

Bun et al. 1989 Th6 
iancwt 113757. 

Childs et al. 1990 
Am&can Journal 
Of Cxbizal 
Nutrlflor~ 52.632. 

Clark et al. 1989 
Kidney 
tnternational 
36653. 

Cobiac et al. 1991 
Amen&an Journal 
of clnkal 
Nutrition 53tZtO. 

Croset et al. 1990 
rhrom6osrs 
Research 57: 1. 

Randomized. 
double-blind, 
placebo 
controlled. 

don-blinded 
uncontrolled. 

datched, stngle- 
btind, placebo 
controlled. 

?andomized, 
parallel. multi- 
center. 

rlon-blinded multiple 
cm3sover. 

Jon-blinded 
uncontrolled 

thatched. parallel 
design. 

iandomtzed. 
double-blind. 
placebo 
controlled trial. 

-- 
Duration 

I weeks 
each. 

IO g MaxEPAld or 
10 g safflower oil, 
with g-week 
washout between. 

i months ,. ? 8 g EPA in Fold... 

5 weeks..... j g MawEPAJd or 
lean fish (0.2 g 
EPA) plus 5 g 
MaxEPA. 

j weeks..... 5 g FO v olive oil 

2 years . . . . . . ?+h advice (or 
MaxEPA at 0.9 g 
EPA plus DHA/d) 
v fat advice v 
fiber advice. 

f weeks..... 4 drets w 36% fat 
with EPA plus 
DHA as: 0.2%. 
butter. 6.7%. 
pollack; 9.4%. 
tuna; 6.296, 
salmon blend. 

5 weeks... 3gor18g 
MaxEPA/d 

5 weeks..... 4.5 g EPA plus DHA 
from salmon plus 
sardines in sild oil 
v MaxEPA v palm, 
safflower okve oil 
mix. 

! months . 100 m9 EPA/d as 
punfred TG plus 
tocopherol v 
vrtamrn E 

Amount Subjects 

IO non-insulin 
dependent 
diabetics. 

I20 waaels in 105 
patients 

/ N! 

i 

NI 

undergoing 
angioplasty. 

12 healthy males . . . . . I 

11 healthy subjects 
on FO. 14 
controls. 

2033 men post 
heart attack. 

B normoliprdemic 
males. 

f 2 subjects with 
systemic lupus 
erythematosus. 

25 mildly 
hypertensive men. 

3 healthy elderly 
subjects, 6 
controls 

N! 

I 

I 

1 

N! 

NZ 

Findings 

; Chol. LDL, HDL; 1 TGs 
for hyperfriglyceridemics 
only; NS c-pepttte. fast- 
ing insulin, insulin sensr- 
tivii. 
5 v historic rates of res- 
tenosis. 

TGs. VLDL: NS Chol, 
LDL HD4. HDL. 

5 Chol; 1 TGs on FO, 
HDL on olive oil. 

total deaths rn fish 
advice v other groups, at- 
tributed to CHD death; 
NS second MI. 

TGs. VLDL. Chol, apoA-I 
and apoA-It on all fish 
diets, LDL on all but the 
pollack diet; HDb ) on 
pollack. t on salmon; 
HDL, on pollack, tuna. 

TGs. VLDL: f HDL, t 
PGb; NS Choi PGI?; 1 
platelet aggregation, 
blood viscosity, RBC flexi- 
bility; NS platelet seroton- 
in, serotcnin release. 

3 Chol. LDL. apoB, apoA- 
I, apoA-Il. BP; 1 TGs. 
VLDL; f HDL on both 
fish and FO ) fibnnogen, 
TXB. ) bleeding on fish 
only. 

; Chd. TGs; 1 platelet 
aggregation; NS arachr- 
donic acid metabolites; ) 
tocopherol rn platelets; 
NS fIbrinOlytiC activity: 1 
systolic BP. 

Comments 

Controlled (diabetic) dret; f 
lastmg glucose compara- 
ble on both 011s. 

Numerous shortcomings. in- 
cludrng inclusion, exclu- 
sion criteria, unblinded 
uncontrolled, poor compli- 
ance. 

Jncontrolled weekend 
evening meals, otherwise 
diet was controlled. Com- 
pliance was measured by 
the level of EPA in RBC 
The calorie intake of the 
control group (2968 Kcal) 
was 10% mrxe that the 
FO (2633 Kcal) group. 

Cructatiin revealed group to 
all FC subjects, but none 
of controls. J post pran- 
dial lipemia in FO sub- 
jects. FO not character- 
rzed. Compliance by RBC 
latty acids. Drop-outs ac- 
counted. 

Thus is the only study to 
date which ass3s33d 
effect of omega-3 fatty 
acids on CHD par se. 
Design doesn’t allow con- 
clusions about omega-3 
fatty acid-specific effects, 
because effects of fish 
are not distinguished from 
effects of omega-3 fatty 
acids. 

Daily energy intake vaned 
(2550-3618 kcal/d) 
among individuals. Satu- 
rated fat diet was used as 
positive control. no con- 
current polyunsaturated 
fat control. The differen- 
tial effects of pollack v 
other fish may be due to 
its higher ratio of 
EPA:DHA. 

411 patients were’ recetving 
predniaone at doses rang 
ing from 10 mg on alter- 
nate days to 20 mg daily. 
The results did not indi- 
cate an Improvement m 
cknical outcome for pa- 
tients wrth lupus nephritis. 

3 week run-in on controlled 
dret including liquid sup- 
plement. Stratified by BP, 
TGs. Chol to matched 
groups; fish, FO or control 
(basal) diets. Fish diet 
EPADHA was 1.2. 
MaxEPA IS 2:l. The BP 
effects were comparable 
rn the 3 treatments. 
Bleeding, fibrinogen and 
thrromboxane changes 
occurred only on the fish 
diet, suggest they are 
EPA-specific effects. 

Iecrease in platelet aggre- 
gatron occurred on thus 
very lee dose (100 mg/ 
3). desprte no change rn 
platelet or plasma EPA 
concentration Punfiod 
EPA contaming TG as 
uniquo EPA source. 

c 
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TABLE 2.-OHEGA-3 FATTY ACIDS AND CORONARY HEART DISEASE: CLINICAL STUDIES-Continued 

Dart et al. 1989 
Atherosclerosis 
80119 

DeCaterina et al. 
1990 Cwu/at/on 
82:428 

. 
Deck and Radack 

i 989 Archwes of 
Internal Madrcme 
149:1857. 

Dehmer et al. 1988 
New England 
Journal of 
MedJcrne 319 733. 

DeLany et al. 1990 
Amencan Journal 
of Clinrcai 
Nutrrlion 5?477- 
85. 

Demke et a!. 1988 

Emers et al. 1989 
Blood 74 233 

Endres et al. 1989 
New England 
Journal oi 
Medbne 320 265. 

Ernst 1989 Journal 
of lnlernal 
Medrcine 
Supplernant 
225129 

Design 

Double-bl!nd. 
placebo 
controlled 
crossover 

Non-bknded 
uncontrolled 

.- 

Aandomczed double- 
blind placebo 
controiled 
cro!3.sover. 

Randomized non- 
blinded. 

Non-bknded. 
malched by 
serum cholasterol. 

Randomtzed. 
doub!e-b!ind 
placebo 
controlled. 

StraWted. 
randomized 

Non-blinded 
I’ lcontrolled. 

F,andomized. double 
bliid. placebo 
con!rotled. 

Durabon 

! months 

?8 days _...... 

3 weeks...... 

I week prior 
t0 
angio- 
plas!y for 
6 months. 

i weeks . . . ..I 

!8 days . . . . . . . 

i weeks...... 

5 weeks...... 

i weeks. 2 
weeks 
each of 
0.6 g 
EPA, 1.2 
g EPA 
and 1.8 g 
EPA 
sequen- 
tially. 

-l- 

2 

:- 

. 

. . 4 

c 

. . . : 

. . . t 

. . . f 

1 

r 

Amount 

!O mL MaxEPA t 
okve oil. 

I g EPA plus 1 f 
DHA/d (PGE 
technology, Mi 

i.8 g EPA plus 
DHA/d source 
specified v okv 
oil. 

i.4 g EPA plus 
DHA/d 
(MaxEPA-). 

I diets: basal; 5; 
2ogFO 
substituted for 
margadne 
(Sanomega). 

i g MaSPA v 
safflower oil 
placebo. 

ish paste (1.7 g 
EPAplus3g 
DHA) v meat 
paste. 

I8 g MaxEPA . . . . 9 healthy adults..... 

deither the FO o 
the placebo VI, 
characterized. 

, 

I 

9. 

not 
‘9 

I 

ir 
xe 

--____ 
Subjects 

14 male and 7 
female 
hypercholesterole- 
mc subjects. 

13 males 2 females 
with coronary 
artery disease 

8 
hypertriglycende- 
mics. 

82 male candidates 
for angioplasty 

15 healthy male 
college students. 

31 
hypercholesterole. 
mic subjects. 

37 normal healthy 
males In flab 
group, 39 in mea! 
group 

20 healthy men __ 

Flndmos 

VS Chol. 1 TGs. VLDL. for 
males 7 LDL and HDL. 
ior females NS LDL. HDL. 

1 TGs; NS Chol. r PGI,; 
1 TXB,; platelet aggrega- 

110” r bleedmg. 

i TGs. I apo8. I-lDb NS 
LDL 

1 restenosls rates 

20 g FO 1 TGs; NS Chol. 
HDL. apoA-I. apoB on 
both FO diets. 

f Chol, LDL. HDL. HDb; 
NS TG. bleeding. TX&: 
no changes in placebo. 

MS TPA. fibrinogen. oreac- 
bve protein, insulin. plas- 
minogen activrty: 1 PAI- 
ac!rvi!y 

i mtarleukln 1. tumor ne- 
crosrs factor. 

3educed blood VWOSI!~ a! 
4 and 6 weeks. 

. 
Comments -- 

Sex differences in HDL re 
sponse appears real a0dy 
weigh! gain on placebo in 
both men and women 

No placebo-treated concur- 
rant control group Assays 
of tissues from suppte- 
mented subjects indfcate 
direct and indirect effects 
of omega-3 fatty aclds on 
productron of plalelet 
function regulators 

Small sample size may kml! 
the ability to detect s&&s- 
tlcally slgnifrcant changes 
in LDL cholesterol 

Concurrent use aspirin (325 
mg/pld) and dipyridanmle 
(225 rngJp/d) in the con- 
trol and test groups 

The trial was conducted tn 
healthy males wnsumrng 
a constant con!rol!ed die! 
Implementation of con- 
trolled diet alone do. 
creased serum TG. A fur- 
ther reduction of serum 
TG was observed m 20 g 
FO 

The results of the experi- 
men! question the be&i! 
of FO supplement to the 
hypercholestemtemic pa 
tient It is one of the few 
studies reporting ingestion 
of oil supplement has ad- 
verse effects; hdll!ll. 
diarrhea, headache ab 
dominal crampa, etc Die- 
tary intake was no! con- 
trolled. 

Design doesn’t allow con- 
clusions about omega-3 
fatty acid-specific effects. 
P-week run-in on the 
meat die!. Compliance 
monitored by ur!nary tii 
urn. t PAI is a risk factor 
for reinfarction 

lnitlal study group consistod 
of 6 subjects, three mofe 
persons entered the study 
six months later Since the 
results were similar the 
data was pooled. No con- 
current control. No dre!ary 
control and the mean WI- 
orie varied from 2000 to 
3000 kcal/d. The FO 
effect on the synthesis of 
IL-lb continued IO-week- 
after omega-3 fa!!y acrds 
supplaman!a!ion. 

lm!lal data demonshabng 
comparability of the !rea!- 
men! and control groups 
no! shown. Other drelary 
controls not used, and 
values for the placebo 
group were lower at 4 
and 6 reeks. but NS 



Y 

Faikx etrl. 1999 
MB#olY%ra 
37;*021. 

Faschkq et al. 109) 
fwbefm 40:583. 

Fisher et al. togo 
AtaanaeJW 
.dLwoal 
N&tf&n 51:904. 

Flaten et al. 1890 
A4mmo%aJoumet 
OiCM& 
l t?mYfa 52300. 

FridaycrlaLt991 

and?Momboh 
11:47. 

Fumeron St ul. tsal 
Anrwtcm- 
Of.C%kd 
NUYnYW54:l tB 

G~auberetaf. (988 
Amurdsd 
-mne 
106t393. 

Grigg el al. t989 
Joti of 
AmwlcanG%ge 
cw tw365 

Haglund et al. 1990 
JotmatofmtenrB 
#er?fcl’~ 227:347 

tiardarscm el at. 
1999&Wmatol 
kItemid hfe&fMr 
226~33. 

Hams et al. 199f3a 
. lLwm%l of l&f 
Research 20~1&1 

Oesign 

Jor&inded 
CTosswBr, psrallel 
control groqx 

Urn-blinded 
randomized, 
czmwvertono 
supplement. 

Wn-blinded 
untxntrollsd. 

Non-bllndsd 
randomized. 

MDn-Minded 
Imcontrolled 

Noncblinded 
uncontrolled. 

Randomized, 
double-blind 
placebo-controller 

Non-blinded 
unctmtrdled. 
partial crossover. 

Non-blinded 
CKJSSWBr 
Intervenhon. 

Multiple, sequential. 
non-blinded 
ntervention. 

--1 
Duration --- 

3wwke 
eachw3- 
wed 
washout. 

2 weeks 
eadlwlttt 
3-week 
washout 

5 weeks . . . 

B  weeks . . 

B  we&i . . . . . . 

3 weeks 
each with 

t.zizIls 
sweeks 

each. 

4 weeks...... 

4 months .._ 

3 IO 4 
weeksor 
6 months 

6 weeks.. ._. 

4 weeks 
and3 
weeks. 

.--- -___ 
AlTtOUOl __.--1--- 

jaturatecl M  v 
safflower v 
salem (and 
salmon ott). 

3tJ mL Fold EPAX 
5000. Fabrikker, 
Osb.8.3 g EPA f 
OHA. 

3 g EPA ptus OHA/ 
Q(3QmLcod 
liver OR). 

14 g FO (7.7 g EPA 
plus 0HA)ld 
(Fabrikkar. 
Norway) v olive 
oil. 

BgEPApkJsm4A 
methyles%rsld 
(RES-DlcilO). 

12 g EPA plus 
WA/d (salmon 
oil) v safflower oit 

6 g M&PAfd . . . . . . . 

3.0 g EPA plus 
OHAid from 
MaxEPA v 50% 
olive oil, 50% 
corrl oil. 

15or3OmL 
ESWMD-3 
(Cardinwa. 
Sweden) soybean 
oil placebo. 

20 ml. cod liver oil/ 
d. 

24 g or 28 g EPA 
plus OHAId from 
salmon oil Max 
EPA respectively. 

--- 
SubJscto - 

I farniliat oambioed 
hyperliidsmica, d 
normal controk. 

3 subjects wtth 
impaired glucose 
tolerance. 

4 normal subiecls . . 

94 healthy males ..- 

9 non-inaulin- 

diab&ics. 

5 larnilial 
hypercho:es:ero~e 
mk2.s. 5 normal 
wnlrola. 

36 norrm#. Young, 
heatthy males. 

@  males insulin- 
dependent 
diabetics. 

106 subjects 
undergoing 
angioplasties 

33 subjects either 
healthy or with 
cwonary~ery 
disease. 

it) males 33-70 yrs 

7 and 8 normal 
subjects. 

_-__----- -.1 

Fkdlngs 
-- 

1 TG. epoA-1 in norm& 
Farmkial combined hypor- 
proteinemia j TGs. 

1 TGs. Chd, LOL apOe: 
NS HOL. apeA NS in- 
sulin, blood gkxose. 

j monocyte free radical 
production. 

u TGs. NS Chat; 1 HDL, 
HOL; NS QIUCOW; NS 
BP; t2% 1 fibrinogen; 
NS gamma glutamyf 
transferase. rnonowe 
LOI. recqtor ec%vity. 

4 Chd. TGs. VLOL; NS 
LDL. HOL insulin; 7 glu- 
case. 

Comparable resultt for FH 
and normals 1 TGs. 
Chol, LOL, HOL v butter 

8 %i, VLfJL-TG; NS Cho?, 
ape ap0A-L total HOL. 
but 1 MOL. apoE, LM; 
1 platelat aggregation. 1 

PRI; PAI axrelated to 
LOL. 

1 tasting gklcose; 1 9kc 
case toteraMs. fasting tn- 
sulin, insuCn response. 

4 TGs, NS chol. NS in res- 
tenosis rata 

1 TGs, Cho(; f HOL; j 
BP, fibrinogen in hi 
dosegrrmp; NS bleeding. 

US arrythmia 

1 TGs. VLOL; j LDL v 
saturated fat diet. but NS 
v vegetable oil diet: NS 
Hfx. 

~-.- - 
commenta _..-. -- 

;ood superknwtal desgn. 
Oielaty inteke 3was ,4e- 
cnrded and cor&&we 
was monitored *y RBC 
Qmegr-3 fat& acids 
measuremaal. Smatt n 
maybelhereasoaame 
dlfferencas were not 
found 

I kg g&n (NS) in 2 weeks! 
suboptimal control; 
OoeMt separate effects 
d omega-3 fatly acids 
IrrJm other on cornpo- 
nentslcals. 

Jiatary tnteke wa3 not aoa- 
trolled. Desii doesn’t 
allow conclusions abcirrt 
omega-3 fatty acidqedf- 
ic effeo& The potential 
mechanisrr~ of foam cell 
formation and its refatiio- 
ship with omega-3 fat& 
acids were discussed. 

Ollle dl was .tha aoncurrent 
oil controf group. Corn& 
anw was checked by 
RBC +a, omega-3 fatty 
adds oomposltion. Catorie 
and major nutrient intake 
were aontparable for the 
contrel artUtesl grwp. 

No fattv acid oornpof@on 
was given on the Marine- 
Cpid concentrate (RESQ 
1000, a methyl ester of 
EPA and OHA). Design 
doe&t allow conclusions 
about omega-3 fatty acid- 
sped& effects. 

Precise& matched diets, 
small numbers but targe 
changes w1 lipids The n-3 
amtentlsquttBhlQb. 

Among the few Srudles 
showing f HOL in nor- 
mals (v butter). The t 
PAI activity and LDL may 
offset j platelet aggrega- 
tion and 1 HOL2 regard- 
ing net CHO nsk. 

oeterlotation of Nloou pa- 
tient< dhbatk etate by 
FO supplemerrl but no 
evidence of adverse 
effect by fish. Design 
doesn’t allow conclusions 
about omega-3 fatty acid- 
specdk effects. 

Restenosis evaluated by an- 
giography. 

Data ior normal and CHD 
patients am poofed. Simi- 
tariy, tables compare re- 
stilts for each kealment 
IO pooled inittal values for 
all subjjcts. 

Subjects were an average 
of 8 days alter onset of 
symptoms. Various drugs 
were taken by the pa- 
Bents. Dietary intake was 
not controlled. 

No wash out per& be- 
tween each test perk&. 
High amount of omega-3 
fatty acids. 
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TABLE 2.-OMEGA-~ FATTY ACIX AND CORONARY HEART DISEASE: CLINICAL STUDIES-COhVJed 
- 

Relerence 

Hams et al. 1988b 
Annals oi Internal 
Medicme 109:465 

Hams et al 1988c 
American Journal 
of Clmk7ai 
Nutnt/on 40 992 

* 
Hams et al. 1990 

American Journal 
of Clinical 

s Nuttition 5 9 :399 

Hostmark et al. 
1988 &t/sh 
Medical Joumar 
297180 

Hughes et al 1990 
A therosclero~s 
84.229 

lnagaki and Hams 
1990 
A therosckrosis 
82:237. 

Jensen et al. 1989 
Mew England 
Journal of 
Medhnt3 
321:1572. 

Kaslm et al. 1988 
Journal of Clinical 
Endocrinobgy 
Metabokm 67: 1 

testm et al. 1990 
American Journal 
ol Clmhzal 
Nutrition 51 1028 

n tapp ant 
FltzGerald 1989 
New England 
Journal 01 
tk-drcine 
3201037 

Design - 

Single-blino. 
placebo 
controlled 

Non-blmded 
uncontrolled. 
crossover 

Non-blinded 
rmcontrolled, 
dose response 

Randomized double- 
blind place& 
controlled 
supplement 

Randomned. 
double-blind. 
placebo-contn#ed 
two way 
crossover. 

Non-randomized 
uncontroiled. 

Randomized. 
double-bknd 
placebo-controlled 
crossover 

Non-blinded 
longitudinal. 

Randomized, 
double-blind. 3 
Oh 

Randomrzed. non- 
bllnded. 

Duratk 

6 weeks 

6 weeks 
each. 

6 weeks 

6 waeks 
plus 6 
weeks 

30 days 
each, 1 
30da) 
wash0 

4 weeks 

B weeks 

B weeks 

6 weeks 

4 weeks 

,n 

. . . . 

. . 

, 
with 
I 

Amount 

I2 mL SuperEPA/d 
v safflower oil 

18 g MaxEPA or 
sama amount of 
EPA and DHA 
from SuperEPA. 

15.25of40mL 
MaxEPA/d. 

t 4 g Fold; 6.5 g 
EPA+DHA 
(Apothekernes 
Labs AS, Norway) 
v olive oil 

5 g EPA plus DHAf 
d (Promega). 
wheat germ oil 
control. 

5 g EPA plus DHAt 
d (Sup&PA). 

4.6 g EPA plus 
DHAld from a 
water soluble cod 
liver oil 
preparation v 
olive oil. 

I 6 g EPA plus 1.1 
g DHAld 
(MaxEPA). 

3 4 g EPA plus DHA 
(maxEPA). v 
safflower, linseed 
011s. 

IO or 50 mL 
tiaxEPA v 
safflower 011 of a 
mixed vegetable 
011. 

I 

/ 

Subjects 

11 
hypertriglyceride- 
mics, 7 with 
hypercholesterole- 
mra. 

9 male type IV 
hyperiipidemcs 

10 
hypertnglyceride- 
mic subjects. 

64 males ages 35- 
40 

13 normal and 15 
hypertensive 
males. 

6 
hypertriglyceride- 
mics. 

14 males, 4 females 
msulindependent 
diabetics 

22 insulin- 
independent 
diabetics w/o 
hyperlipidemla. 

I. 

I 

I 

I 

! 

I 

1 

NI 

N! 

11 normotenslve 
mtldly 
hypercholesterole- 
mic males 

9 hypertensrve 
males in each of 
4 groups. 

Fmdings 

KS. 7 LDL. apoE. NS 
HDL 

TGs; NS Chol, 1 LDL, 
a@ 

TGs pn each, kttle addi- 
bona1 effect at high 
doses, 1 VLDL: 1 Chol 
but no eflect of high 
doses: f LDL. HDL on 
higher 2doses. 

fibnnogen 13% at 3. 6 
weeks. 

Chol. LDL. apoB in hy- 
pertensives only; NS TG. 
BP, serum androgens. 
plasma glucose, insulin, 
platelet aggregation. 

TGs. VLDL. apoC; NS, 
LDL. awA. apoE. f 
HDL. apoB. 

S Chol. HDL; f LDL; 1 
VLDL. TGs; 1 BP.. 

5 Chol. LDL. -fDL; t 
apoB; 1 BP. 

NS Chol. HDL: ; IDL. 1 
TGs. VLDL. 

1 BP on h!gh dose on*y __. 

( 

I 

Comments 

alasma lipoprotein changes 
should be monitored and 
long-term effects should 
be evaluated. 

Uethyl ester of EPA and 
DHA causes ths same ef- 
fects as TQ-EPA end 
TG-DHA. This is a test 
for more concentrate 
omega-3 fatty acids sup- 
plement. 

iigh doses confound el- 
fec!s of increased calo- 
ries Design doesn’t allow 
conck&ns about omega- 
3 fatty acid-specific ef- 
fects. 

The reduction in fibrinogen 
was less at 6 weeks than 
at 3 weeks. Longer-term 
studies are needed for 
assessment of effects of 
chronic consumption of 
omega-3 fatty acids. 

The hypertenaives had t 
apoB and 1 HDL and l 
androgens v normals at 
baseline. RedWions in 
TGs and VLDL were 
nearly 50% in normals 
and 40% in hype&n- 
sives. but did not reach 
statistical significance due 
to large variations. 

tJseful regarding mechanism 
of changes in lipoprotein 
(eveIs, separated TG from 
Chol and apoproteina. 

Zoncurrent dive oil control 
group was present Dietary 
intake was not controlled. 
Eight weeks washout 
period was long enough 
to restore the parameters 
tested to the pm supple- 
mentary level No change 
in insukn or Mood alu- 
case. 

411 pabents received hype- 
glycemtc agents. Compli- 
anc8 was monitored by 
questionnaires and count- 
ing the FO capsules. No 
plasma fatty acids com- 
position was analyzed. 

Zoncurrent linoleic acid 
.(omega-6) and linolenlc 
acid (omega-3) control 
groups were present. Doe- 
tary intake was controlled. 
compliance was mom- 
tored by plasma fatty 
acids Comparisons v 
basekne values, followmg 
3 week safflower oil run-m 
L HDL on linseed oil 

only. See Abbey et al. 
1990 

Jo tota caloneld was given 
but one of the dose level 
used m the study was 
quite laige (5n mL/d). 
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TABLE ~--OMEGA-~ FATTY Aces AND CORONARY MEART DLSEASE: oUfW+IL STWDtES-CWttirKfed 
--.- -- _._--_- 

Reference 

Lehtonen at al. 
1989 Geronfo~~ 
35:311 

Lempert et at. 1968 
AtrmncwnJoumal 
of Kidney 
L-ke.9sf?s 1 I : 170 

Lewnaen et at. tQS0 
A-- 
oliVjp?fl- 
37.54. 

Meht a et at. lW3b 
AmarMtn He& 
JOLWGI 1 t83201. 

Non-blii. 
comparison to 
isocalonc diet. 

Non-blinded, 
tmccmtrolled. 

Non-blindad 
uncontrolled. 

Randomized deubfe- 
Mind p)acebo- 
controlled pa&d. 

Non-bbnded 
uficontrolled. 

Non-blinded 
uncontrolled. 

Randomized, 
doubteblmd 
crossover 

Randomized. 
double-blind 
placebo-controlled 
CfOSSOY~. 

Randomized, 
double-blind 
ptacebo-controlled 
crossover. 

Guration 

I weeks __._ . . 

I weeks 
and20 
weeks 
post- 
Supple 
alemelfo “. 

I weeks . . . 

I weeks.... 

!!5 day&.... 

IO days.... 

IO days..... 

I weeks.... 

. . 

. I 

. 

I 

L weeks .- 

1 weeks . 

. 

* 

70 to @O mL 
f&XEPAld. 

25 mL M&PA/d.... 1 

20 mL cod I!ver oft... 

50 mL MaxEPA v 
palm oil. corn oil 
mix. 

6 g EPA horn 
MaUEPA. 

3.9 g EPA plus 
DHAld (MaxEPA). 

D.9 g EPA plus 
DHAld (HaxEPA). 

B g FG#Wj- 
01000) Y corn 011. 

3.2 g EPA 2.2 g 
faf!m&fmPA) 
v lecithin 

3.2gEPA22g 
DHA/d (h&EPA) 
v lecithin. 

I? l?3aloly geria?c 
patiints. 

II stab% diatysis 
patients, 
hypercholesterc 

i$Llrigbc.snd 
mrc. 

. 1 

d i hyperletives.. 

E I normal adul!s . 

E I healthy males.. 

4 I3 healthy female 
WiIhWWlthOUi 

oral contracspt 
uae. a3 

S&j&S 

fen&s. 
46 elderty 

hypertensho 
subjects. 

8malOSWCHDI 
73 y?s. 

8 males w CHD 5 
73 yrs. 

-- - 

ic 1 

~ 

1 

df3- 

e- 

s..... t 

_.. . . I 

. . . 1 

. . . . . . I 

ts. I 

iv8 

1 

/ 
2- : 

,& y 

'I 

-.---- -. 
Findmgs --.-._____-._ .- 

CM, VLUL. LDL. 
apoA. HDL: NS apoE. 

TG, HDL; 1 LDL; 
bleeding, pfatelet ag! 
gation. 

aid, LDL; fus H 
TGs; t platelet WWI 
NS @aMet aggregation 

TGc;NSChot.WDL,I 
apeAad8poB; t bk 
ing: NS platelet aggrt 
tion; 1 Bp. 

platelet aggregation, 
hesivscess. 

Chat, LDL, NS TGs; 
HDL; 1 bleeding; 
platelet aggregation. 
Chol. f LU in non- 

contraceptive liserr; 
TGs in oral contracep 
uaem. 

TGs; f LOL; NS C 
HDL; 1 BP. 

TGs; NS Chd, H 
LDL; 1 BP. 1 neutro 
aggregation, chemotax 

PAI. NS TPA ..r.... 

-_-_ -- ..- 

commsnts 
____-- 

%e fat centent of the iso- 
caloric contra! pedod is 
not given. This is a very 
large amount of FO. The 
majority of the patients 
dlscentinued 6m stu@ 
due to tanpbad taste 
of the supplement 8il. 

1 HOL found 20 weeks 
after discontinuation. but 
little other data regarding 
treabnentlcondition 

s 

during the waehout. The 
nature d ,+he dkwaa and 
aonrvnent diilysis br Ws 
popdatltmmakeitlrqms- -6 
sible to extrapolate to the 
geneal pqutation. 

Uf the patfer8e had kng 
standing h&wry 0V hyper- 
riyndemii Rs mcmnmt 
di control group. This 
study Is one of the few 
studii that found plasma 
TG dtd not change after 
aaetgs3 fatty adds in- 
~lforl(26 mudj. 

he patient receivfng Fo 
wlth&ew because of GI 
dJsconlfat. Because of 
adverse effects, the daity 
dose d dl was reduced 
by 20% and 25% in two 

patients in the FO group, 
and by 20% in one pa- 
fientinIhe+qeWbteoU 
SPW 

ileganl study &l&ng a3 
effec! on pfate!et adhe- 
eivenOSS.**M 
alfow conc*lsiorm about 
r&gzfatty ac&qmc#- 

design doesn’t allow can- 
elusions about omsga-3 
fatty &d-apecifii effects. 

he dfnce between 0-l 
contraceptive users and 
non-aral contracepttie 
ussmmaybeiq3o@nW 

Idusion BP was w 
> 160 or diastolic >90. 
Excellent design with 3 
week wash out between 
hs8w&-ts. 

‘lacebe ml charadeed 
in lhf!3 paper. ktenttfed 
from cmpanbn paper 
(see Mehta 1988. Ameri- 
can Heart Journal). There 
was large variation of TG 
level in the placeti 
gmw 

‘arfoua parameters were 
compared between CAD 
patient and normal sub- 
pcta Lecithin was the 
eauwrent controt Die- 
taty Intake was not con- 
trolled. 
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TASU ~.--OMEGA-3 FATTY ACIOS ANO COFK~NARY HEART DISEASE: CLINICAL SruomhContinued 

60685 

Miller et al. 1966 
ati cruirra, 
Acts 176251. 

Milner et al. 1969 
AnxmanJoumel 
OfrTa-ao~ 
64294. 

Malgaard et al. 
1990 
Atherosclerosis 
61:l. 

Morietal. 1988 
cxdcai 
-M 

ctgzg%3. 
Mori et al. IQ69 

M9m 
36:404. 

Nozekl et al. 1991 
Ame&anJmmal 
of clin~l 
Nutrttton 53m0. 

Radack et al. 1969 
Ann& of lnternai 
Medicine 111:757. 

Radack et al. 1QQOa 
Jolinl0i ol 
Anreman GMege 
NM&&n. 

Radack et al. lQ9Ob 
Amenbn.bwnaf 
of ainicwl 
Nutritkm 51:WQ. 

Reis et al. IQ69 The 
L0nwt kin. 

Reisetal. 1990 
Amehan Jaumal 
of WY 
66zlI71. 

Design - 

b4ultic=snter, 
randomized 
double-blind 
placebo-controlled 

landomhed . . . . . . . . . . . . . 

Jon-blinded. 
placebo control. 

eon-blinded 
uncontrolled. 

&n-blin&d, parallel 
control. 

km-blinded 
uncontrolled. 

landomiied double 
t4indplacebo- 
controlled 
supplement, 

hlldcmeed, 
double-blM 
crossover. 

?and&mized, 
double-blind 
placebo-controlled 

randomized. 
dOUblE-blllld 
placebo-controlled 

3andomized. 
doubleblhld 
placebo-controlled 

Duration 

3 months . . . 10 g MaxEPAld v 
olive oil. 

6 months 4.5 g EPA plus 
DHAld (k&EPA) 
v no supplement. 

16 weeks.... 15 g MaxEPA/d v 
olive oil. 

3 weeks...... 15 g MaxEPAld . . . . . . 

3 weeks...... 15 g MaxEPA/d v 
sameinnon- 
diabebcs. 

24 days . . . . . . . 

20 weeks..... 

0 weeks 
each4- 
week 
W&tOUt, 
6-week 
run-in. 

1 .I or 2.2 g EPA 
plus DHA/d 
@ourw not 
specified) v olive 
Oil. 

4.6 g EPA plus 
DHA. die oil 
during washout, 
corn oil control. 

20 weeks.... 

6 months . . . . 

2.2 or I.1 g FO/d 
from McNeil, 4191 
asn-3fattyacids 
v Olll OH. 

6 g EPA f&m DHAf 
d (SuperEPA or 
f+Omega). 

6 months . . . . 6 g EPA plus DHA/ 
d (Sup&PA or 
Promega) v olive 
oil. 

0ub@cts 

40 
hypertrig)yceride- 
mlcs. 

64 post-angioplasty 
patients. 

9 type Ill 
hyperlllprotein- 
WliCS. 

10 insulin- 
dependent male 
diabetics. 

IO insulin- 
dependent male 
diabetics. 10 
normal controls. 

12 male 
hypertdglycerid- 
emits. 

25 hyperlipidemic. 
disease free. 

0 
hyperlipoprotei&- 
mrcs types Ilb or 
IV. 

10,7and8 
hyperbiglycerld- 
emits. 
msf&tively. 

204 patients for 
wronaly 
angioplasty. 

69 patients for 
coronary 
angloplasty. 

Findings 

TGs; NS Chol. LDL. HDL 

restenosis by symptoms 
NS by awiwraphy. 

Chol. TG, VLDL, apoS 
NS LDL. HDL, apoA-I. 

Chol. LDL. HDL; 1 TGs. 

Chol. LDL HDL HDL? 1 
TGs among diabetics; N: 
Chol. LDL, HDL HDL 
TGs among normals 
Chol, LDL and TG still dii 
ferent 6 weeks after dis 
continuation. 
TGs. VLDL; t LDL; NE 

HDL 

fibrinogen . . . . . . . . . . . . . . . . . . . . . . . . . . 

LDL, 1 HDb on 2.2 g/c 

~offFOBpoO on bOu 

5 effect on restenosis _...... 

TGs; t LDL in Promeg; 
group and hypeMgfycen 
demic subjects of Super 
EPA group. 

This ls a multicenter 3 mo 
study. In the summary 
sectiin the investigator 
reported mmor GI disturb- 
ance in both groups but 
in the discussion section 
the author stated that 10 
g MaxEPAld was well tol- 
erated. Compliance was 
not monitored. 

. . . 

All patients received aspirin 
and calcium blockers 
American Heart Associa- 
tion phase Ill diet. Design 
doesn’t allow conclusions 
about omega-3 fatty acid- 
speclfll effects. Concomi- 
tant use of other medica- 
hens, reduction in smok- 
ing. Reocclusions not as- 
sessed by angiography. 

The European Atherosclaro- 
sis Society diet was rec- 
ommended to the pa- 
bents. No compliance 
was monitored. Concur- 
rent olive oil control 
mw. 

Design doesn’t allow con- 
clusions about omega-3 
fatty acid-specific effects. 

Compliance by platelet 
phosphotiitds fatty acids 
and pill count. Usual diet, 
actii were to be main- 
tained. 

i I No alcohol and lsocaloric 
controlled duet was used 
in the protocol. Design 
doesn’t allow conclusions 
about omega-3 fatty acid- 
specific effects. 

Excellent design. Compli- 
ance was assesed by 
plasma fatty acid analysis. 

n 
6 

Excellent design; although 
the n was small, the 
mean values do not sug- 
gest differences missed 
due to small sample, nor 
is any difference between 
corn oil and FO suggest- 
ed. 

j 
1 

. 

i 

Excellent dewgn includes 6 
week run in. AMA diet. 
92% comphance, appro- 
pnate subjects fw claims. 

In a randomly selected 
subset of 42 pattents (42/ 
166), plasma PL was ana- 
lyzed. Higher GI side- 
effect was signiicantly 
htgher in FO group (46%) 
than placebo group. Pla- 
cebo not characterized. 

Only subset of patients had 
LDL separated by ultra- 
centrifugathm. Most of 
LDL chol levels were cal- 
culated rather than meas- 
ured. 

Comments 
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TABLE 2.-OMEGA-~ FATTY ACIDS AND CORONARY HEART DISEASE: CLINICAL STUDIES-Continued 

Reference 

Fkllaerts et al 1989 
D!abetes 38.1412. 

Schectman et al 
1988 Diabetes 
37: 1567. 

Schectman et al. 
1969a 
Arteriosclerosis 
9 345. 

Schectman et al. 
1989b Am-rats of 
lntemel Medicrne 
110~346. 

Schmidt et al. 
1986a Arrery 
15:316. 

Schmidt et al. 
198613 
Scandinavian 
Journal of Ctrnical 
and Labof8tory 
hvesrigetions, 
suppt 

Schmidt et al. 
1989a 
Thrombosis and 
Haenwstawk 
62:797. 

Schmidt et al. 
1989b Journal of 
Internal Medkme 
225 (SuppI 1):201. 

Scnmidt et al. 1989c 
Atherosclerosis. 

Ron-blinded, 
uncontrdled 

Single-bknd 
crossover 

Single-blind 
crossover. 

Non-bknded 
uncontrolled. 

Non-blinded 
randomrzed after 
placebo. 

Randomized, 
double-blind. 
placebo 
controlled. 

Non-blinded 
uncontrolled 

r(on-blinded 
uncontrolled. 

Uon-blinded 
uncontrolled 

Duration -- 

IO weeks... 1 
1 

1 month 

1 month 

8 months . 

12 weeks.. 

8 

. . . . . 

1.2 weeks.. 

6 weeks.... 

. 

. . . 

3 weeks..... d 

1 . 

4.0 or 7.5 g EPA 
plus DHA 
(MaxEPA). 

4.0 g/d EPA plus 
DHA (MaxEPA) 
for 1 month, l- 
month washout, 
followed by 7.5 gl 
d for 1 month v 
safflower oil. 

10 g EPA plus 
DHA/d months 1 
to 3; 4 g/d 
months 4 to 6 
(Omega-500). 

4.5 g EPA plus 
DHAld v 
vegetable 011. 

4.8 g EPA plus 
DHAld (MaxEPA) 
v vegetable oil. 

6 g n-3 (3.3 EPA, 
1.8 DHA) (Jahre, 
Norway). 

1 g EPA plus DHAf 
d (Jahre. Norway) 

5.3 g cod liver oil/d 

Amount 

!.7 g EPA plus 
DHAld (MawEPA). 

Subjects 

12 stable insulin- 
dependent 
diabetics. 

13 non-insulin 
dependent 
diabetics v 
safflower oil. 

18 hyper- 
triglyceridemrc 
subjects. 

16 hypertriglycerid- 
emrcs (5 also 
hypercholesterole. 
mic); 6 noninsukn- 
dependent 
drabetfs. 

14 patients wrth 
angina. 

36 patients wrth 
angina. 

17 hyperlipidemics 
(9 typa Ila, 6 type 
IV. 

10 insulin- 
dependent 
diabetics. 

12 normal, healthy 
males. 

I- 
1 TGs, VLDL; t HDL; NS 

LDL during washout 1 
TGs. VLDL 

1 TGs. VLDL, NS Chol. 
LDL. HDL; t apo8; 1 
fasting glucose, 1 glu- 
cose tolerance 

1 TGs; NS Chol, HDL, 
apoA-I on both treat- 
ments; NS on control. 

In rtially 1 TGs, but less 
each month, by 6 months 
only 1 11%; worse glu- 
cose tolerance, t glyco- 

S plasminogen, PAI; t k- 

solated hemoglobin in 

brinolysis. 

drabetics; 7 HDL on high 
dose. 

S antrthrombtn 111. protein 
C. 

TGs; NS Chol, LDL, 
HDL; t apoE. 1 apoA-I; 
t protein C in type Ila. 1 

type IV;. 

8 fibnnogen. TPA, PAI. 
platelet aggregation; ) 
neutrophil. NS monocyte 
chemotaxis. 

neutrophil, monoctye mi- 
gration toward autologous 
serum or chemical attract- 
ant. 

Comments 

Dietary intake was con- 
trolled, exchanging sun- 
flower, corn or safflower 
oil with omega-3 fatty 
acrds. Calorie intake 
varied from 1800 to 2200 
kcal. depend on indivrdual 
needs. Approximately 5.6 
g omega6 fatty acids/d 
was exchanged with 2.7 g 
omega-3 fatty acrdsld. 

Subjects were on their usual 
diet (uncontrolled). Com- 
pkance was obtained by 
capsule counting. In- 
crease LDL chol and 
apoB were not dependent 
on amount of omega-3 
fatty acids. 

Srgnifcant body weight gain 
on each treatment. Satu- 
rated fat was held con- 
stant. 

Concurrent vegetable oil 

Dietary intake was not con- 

control was used. No fatty 
acid composrhon of con- 

trolled. GI srde effects 

trol and test oil was 
given. Uncontrolled use of 

were considered and re- 

omega-3 fatty acids sup 
plementation n pabents 

ported. Desfgn doesn’t 

with stable angina pecto- 
rls was cautioned by the 

allow conclusions about 

investffator. 
4-week run-m on vegetable 

omega-3 fatty actd-specif- 

oil control. 

ic effects. 

No concurrent oil control 
group, uncontrolled dre- 
tary intake and large 
amount of test oil. Dietary 
compkance was not monr- 
tored and Gl side effect 
was not reported. Design 
doesn’t allow condusfons 
about omega-3 fatty acrd- 
spectfic effects. 

/cry few changes in this 
population; the chemo- 
taxis results are different 
than for normals. The 
meaning of changed neu- 
Elza;,il chemotaxis is un- 

Design doesn’t 
allow conclusions about 
omega-3 fatty acrd-specif- 
ic effects. 

Jsual diets throughout. The 
lack of a control oil pre- 
vents hrm conclusron 
about the specificrty of 
the effect as due to 
omega-3 fatty acrds. 

v 
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TABLE 2.-OMEGA-~ FATTV ACIDS AND CORONARY HEART DISEASE: CLINICAL STUDIFS-COhiW3d 

Reference 

and Ttuombosis 
1 t ,429. 

Skeaff and Holub 
1996 Thmmbosi 
R8s88rctl51:105. 

Silvannan et al. 
1991 AmWf&J 
Jola7dofa43Ld 
Nutdon 531165. 

8morla eta. i9w) 
AtiSkd8M 
28aliwxl Jolmd 
of- 
24669. 

Simonaen et at. 
1966AomAklica 
-* 
223:491. 

SmnfIetal. 1969 

Reeaerclr 53:467. 

Sobmon et at 1990 
cwrwrt- 
!?82&9,WChe 
12:l. 

Staopool8 at al. 
1989 M&&o&n 
36:Q46. 

stelner et al. 1989 
Jowmfot 
Hvperension7 
(suppl3):S73. 

Subbaiah et al. 
1969 
AlfhW- 
79:157. 

Design 

qandomized. non- 
blii dose- 

rlon-blindsd v 
washout. 

%n-blinded, 
CTOSSOVW. 

3andomIzad double- 
blind placebo- 
controlled 
cfosmv5r. 

Mor+bliied. 
unwllkolled. 

Non-blii. 
unconIrolled. 

Randonlked double. 
bliipboabo- 
wnkolbd pamllel 
bngnudid. 

Non-bfinded 
unwnkolw Iwo 
doses. 

Randomi& 
pla-lbd 

izizzzy non- 
blinded, 
uncontrolled 
phase. 

Non-blinded 
uncontrolled. 

Duration 

weeks . . . . . . . . 

I weeks . . . . . . . . 

, 

! individual 

2 weeks...... 

I weeks . . . . . . . 

1 weeks . . . . . . . 

I months . ..*.. 

~week5 
blind, 4 
weeke 
open. 

10 days . . . . . . . . 

-Amount 

!y& 29 9 

(Fabrikker. Oslo). 

‘0 mL MaxEPA/d . . . . 

I.16 and 5.15 g 
EPA plus DHA 
from FO 
(Promaga) or 
tuna, respectively. 

!or4gEPA@us 
DHAId HIMEGA 
(ethyl esters) v 
oliie oil. 

D mL cod liver oil, 
about 5 g EPA 
PlWDf+A. 

1.4 g EPA plus DHA 
as ethyl astam 
(K85. Norsk 
Hydra). 

!.6 g EPA, 2 g DHA 
(MaxEPA) v olive 
oil. 

i.1.23.or4.5g 
EPA plus DHAI 
1000 Kcal 
(MaxEPA). 

I .6 g EPA plus DHA 
blind v Wd oil, 
3.2 g EPA plus 
DHAnon-bfind. 

‘.5 g EPA plus 
DHAld as 
SuperEPA. 

sublects 

7 hyparlipidemics 
and 10 healthy 
..,en. 

I normal males _....... 

0 normal, healthy 
males. 

hwterole- 
mics. 

! Qt’OUpS Of 15 
-haatthy 
malea. 

l5 male and 5 
femaleawvivom 
of mwcerdial 
infarction. 

IO stable angina 
Pauents. 

!I 
hyperliioteine- 
mics 6 diabatics, 
6 normals. 

!6 hypertensives. 
including 10 with 
bv@Mh--~e- 
mieor 
hypercholesterole- 
mia. 

14 
hypercholesterole 
mkx w/o 
hypertriglyceride- 
mica 

Findings 

monocyle chemotaxis in 
all. 1 neutrophil in type 
Ila and in normals, nof 
type IV on 1.3 g/d. 

platelet aggregation . . . . . .._. 

platelel aggregaUon tc 
one of four agonists; NI 
bleeding, membrarw 
omega-3 fatty acids. 

TGs: HM, and @ < 
0.06) Cbol; NS LDL 
apoA-I, apoE. 

S Chol, bleeding, TXAO t 
HDL h the populatbr 
wnhbwfl5flwn5umptbn 

TGs; NS HDL blood glu 
cosa PAI: t Chef. LDL 
bleeding, fibdnogen. 

S angina .” . . . . . . . . . . . . . . . . . . . . . . . . . . . 

dabatba 1 TGsi f LDL 
NS Chol, HDL; TG ant 
LDLchaqeS5howdose 
Ton=& f!yJ~~ 

pendant dlabetkx In con 
trols 1 TO, VLDL; NE 
chef. 

BP for self-recorded ant 
casual clinic-r~, N8 
prostacyclin. thromboxane 

TGs, VLDL. LDL; t HDL 

Comments 

Mually all the effecf is with 
tie lowest dose. The au- 
thors interpret this to 
mean the effecf was 
probably not due to p&y- 
unsaturated fatty acids, 
but a polyunsaturated 
fatty acid control would 
have allowed a stronger 
conclusion. 

4 rneVlodology and protocol 
for biieW mecha- 
nism of acUon of omega3 
fatty acids on platelet 
function. Design doesn’t 
allow conclusions about 
~2 fatty acid.specif- 

ll-15 study ‘was undertaken 
primarily to rneasum sb- 
sorption of omega-3 fatty 
acids from FO v fish EPA 
absorption from fish was 
aboul 3 fold greater than 
from FO. but there was 
no difference in DHA ab- 
sofptbn fate. 

tiknega ia ethyt ester prepa- 
ration of FO fatty a&Is 
Tha stucfy showa compa- 
rable results for the naw 
and traditional FO. 

There was an alternate oil 
control. 

Points out Interaction of 
omega-3fattyaddswlth 
anHaJagulant5. 

cbncul?m ollva OH oontrol 
wa5u5ed.The5ubJ5cl 
number (5@xJp) was too 
small. Subjects kept thair 
usual diit and llfe-5tyla. 
Compliance was as- 
sessed by RBC-PL fatty 
add analysis No side ef- 
fMta ware reported. 

Two kinds (MaxEPA or Su- 
perEpNofMnege3W 
acids test materials were 
used. complii was 
monitoredbymoMMyvi5- 
iting th5 clinic and evalu- 
ated by a physician and 
dietitian rather than 
plasma fatty acids corn 
position Amertoan Heart 
Association phase Ill diet 
was used as basal Uet. 

Considerable systemafic dlf- 
ferenos between self-re- 
ported and clinic-reported 
BP data suggests sfgnfff- 
cant patient bias, detecta- 
ble by fish-small belchfng. 
CJuanUtatlve data not pre- 
sented, making comparf- 
son with other BP studiis 
dindt. 

Patients on American Heart 
Association phase I diet 
for at least 3 mo before 
entering the study and 
continue the same diet 
during the test period. 
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Sweny et al. 1989 
Nephroogy 
D~afys& 
Transplantation 
4:1070. 

Takimoto et al. 1989 
Thrombosis 
Research 54573. 

Urakaze et al. 1989 
Nephron 53: 102. 

Vacek et al. 1989 
Ekmed&m and 
PhamMlWthem- 
peuks 43:3?5. 

Valdini et al. 1990 
Joumat of Family 
Practice 30.55. 

van Houwekngen et 
al. 1990 American 
Journal of Clinical 
Nutrition 5 1:393. 

Vessby and Soberg 
1990 Journal of 
hternei Madkhe 
228:185. 

Wahlqvist et al. 
1989 The Lancet 
ii 944 

Weintraub et al. 
1988 Journal of 
Clinical 
Investigation 
82~1884 

WIII et al. 989 
Annals of Internal 
Medcine 111:900. 

don-blinded 
uncontrolled. 

Jon-blinded 
uncontrolled, 
partial crossover 

ion-blinded 
uncontrolled, 
controlled for 
ciclosporin. 

double-blind 
placebo-controlled 
crossover. 

Randomized, 
double-blind, 
placebo-controlled 
crossover. 

ululticenter. 
matched controls 
by TGs and blood 
pressure. 

Randomized double- 
blind placebo 
controlled 
crossover. 

Ron-blmded 
uncontrolled 

Ron-bknded 
uncontrolled 

Randomized, 
double-blrnd 
placebo-controlled 
crossover. 

j months 

30 days . 

B months . 

3 weeks . . . . . . . 

I2 weeks 
each. 

j weeks . . . . . . . 

3 weeks . . .._. 

7 day diet 
records. 

25 days . . . . . 

12 weeks 
each wrth 
4-week 
washout. 

-I- 

t 

f 

Amount I Subjects 
- 

Findings I Comments - --. 

30 mg EPA plus 
DHAlkg 
(MaxEPA). 

14 adult transplant 
recipients. 

!O mL MaxVita 5.8 
g EPA 2.6 g DHI 

I.5 g EPA 0.7 g 
DHAld (source 
not specified). 

9 g EPA plus DHA 
from (f&&PA) \i 
1:l palm: 
cottonseed oil. 

I .8 g EPA plus 
DHA/d (MaxEPA 
v olive oil. 

nackerel (4.7 g 
EPA+ DHA) or 
meat paste. 

IOgMaxEPAv 
olive oil. 

100 g fish/week.... 

3 drets; saturated 
fat; safflower oil; 
FO at 30% of fa’ 

20 g MaxEPA v 
safflower 011. 

I: 

14 normal healthy 
subjects, 4 were 
hypercholesterole- 
mc and 
hyperkpidemic. 

14 renal allograft 
patients. 

9 CHD patients 1 

25 1 TGs; NS Chol, LDL, HDL 
hypercholesterole- 
mics. 

84 healthy males . . . . . ._ N! 

14 non-rnsukn 

dra’betics. 

31 healthy 22 non- 
insulin-dependent 
diabetics. 

9 healthy 
normolipidemrc 
males. 

38 males w 
hypercholesterole- 
mra. 

1 

1 Tgs. HDL; NS Chol......... 

t RSC filterability, prevenl 
ed t in platelet aggrega 
tion in controls. 

TGs; NS Chol. -DL 
HDL; NS angrne. 

S Chol, LDL; j TGs at 3 
and 6 weeks; at 6 weeks 
t apoB v meat paste; 

NS v irxtial on meat paste. 
)th oils j VLDL, Chol. 
apoA-II; MaxEPA also 1 
TGs, BP, but NS between 
treatments; HM,.. glu- 
cose disappearance 1 
on MaxEPA, 1 on olive 
oil. 

arterial compliance in 
fish group; j posterior 
tibral artery resistance in 
healthy subjects. 

TGs. Chol more by FO 
than safflower; j VLDL, 
LDL, HDL comparable v 
saturated fat diet except 
apoA j on FO v saturat- 
ed fat. 

TGs; t LDL; NS 3hol 
HDL. apoA, apoE. 

TGs, NS Chol _.. _. ____.._. No corcurrent oil control 
I group, uncontrolled due- 

tary Intake except dretary 
protein intake was kept 
constant. Compliance was 
not monitored and GI srde 
effect was not reported. 
Antihypertensive and rm- 
munosuppressive drugs 
were admmistered. 

:- I 
I- 

. 

I 

I 

! 

I 

fhere was no side effect or 
GI disturbance was re- 
ported when 20 mL con- 
trol or test or1 vas taken 
in a single dose. Wheat 
germ oil containing alpha 
knolenrc acrd was used as 
control 011. 

Van specifted sardine oil 
concentrate was used. 
Food Intake was not mon- 
ctored during the study but 
EPA content in RSC was 
measured for compkance. 
Antihypertensive and im- 
munosuppressive drugs 
were administered. 

The control was a mixture 
of palm and cottonseek 
oils. No fatty acid compo- 
sition was given of thus 
control 011. Dretary intake 
was not controlled. 

Jsual drets. small but practr- 
cal dose; some patrents 
were on lipid altenng 
medicatron concurrently. 

Excellent desrgn, includes 2 
week run in; doesn’t dis- 
trnguish fish from n-3 fatty 
acids, large amt of n-3s. 

indrcates potential adverse 
effect on glucose by 
omega-3 fatty aads. 

dery small amount of fish 
(rather than FO supple- 
ment) was used In this 
study. Frsh eaters were 
defined as those who ate 
one serving (100 g) or 
more of fish in a week. 
No total and/or a range 
of omega-3 fatty acrds 
was given in the study. 

The fat content (42%) of 
the diet was too htgh but 
the study desrgn usrng 
two controls, saturated fat 
and omega-6 fatty acrds 
was good. 

‘atients were on American 
Heart Assocratiin step 
one low cholesterol, low 
sat fat dret and large 
amount of FO (20 g/p/d) 
was used. No GI srde 
effect was reported Com- 
pliance was monitored by 
bknded prlt count and 
questionnarre rather than 
plasma kprd analysis. 

/- 
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Reference 

Zucker et al. 1966 
Artherosciemsis 
73:13. 

Design - 

qandomized, 
crossover. 

Duration 

3 weeks . . . . . . . 

~ 

AmoUnt 

I.2 g EPA 2.2 g 
DHA (MaxEPA) v 
safflower oil. 

Subjects 

3 normal, 16 
hypeflipoproteine- 
mics. 

Findings 

1 TGs, VLDL; f LDL in 
type IV hypertipoprotetne- 
m&s; NS Chd, TO, LDL 
HDL among nonnals. 

Comments 

jafftower oil was used as 
control oil. The study 
design was double blind 
but many of the subjects 
reported Identifying the 
FO by its charactedstic 
aftertaste. Tht Is one of 
the very few article re- 
ported FO aftettaste in a 
double blind study. 

Abbreviations used: NS. not statMtcatty signtftcantty dtffarenb Chof, cholesterol; VLDL, very tow-density lipofxtetn choteslafol; LDL low-density tiioprote!n 
cholesterol; HDL, high-dens’ 

$ low-density tipoprotein); apo 
lipoprotein cholesterol, TGs. triglycerides, apoA, apoprotein A (a protein in hi$-density l@oprWb); apoB: afmprotem B (a protam n 

, apcprotein E (a protein in many lipoproteins~ most notabty VLDL and H L; CHD, coronary head disease; FO, fit od TXB. 
thromboxane; TPA, tissue plasmmogen acttvator. PAI, plasminogen activator inhtbttw; v, versus; /d per day. 
[FR Dot. sl-27iaS Filed 11-26-91; 5145 am] 
Btt.uNe coos Hw-ol-N 

21 CFR Part 101 
(Docket No. MN-00941 

RIN 0905-AB67 

Food Labeling: Health Claims; Calcium 
and Osteoporosis 
AQENCY: Food and Drug Administration, 
HI-IS. 
ACTION: Proposed rule. 

SUMMARY: The Food and Drug 
Administration (FDA) is proposing to 
authorize the use on food labels and in 
labeling of health claims relating to the 
association between calcium and 
osteoporosis. FDA has reviewed the 
available scientific data under the 
provisions of the Nutrition Labeling and 
Education Act of 1990. Based on its 
review, FDA has tentatively concluded 
that there is significant scientific 
agreement among qualified experts that 
this data supports that calcium intake 
has a significant impact on bone health. 
The agency proposes that for a product 
to be eligible to bear such a claim, one 
serving of the product must contain a 
minimum of 20 percent of the 
Recommended Daily Intake (RDI) for 
calcium or 130 milligrams (mg) in an 
assimilable form. 
DATES: Written comments by February 
25,1392. The agency is proposing that 
any final rule that may issue based upon 
this proposal become effective 6 months 
following its publication in accordance 
with requirements of the Nutrition 
Labeling and Education Act of ‘1990. 
ADDRESSES: Written comments to the 
Dockets Management Branch (HFA- 
305). Food and Drug Administration, rm. 
l-23,12420 Parklawn Dr., Rockville, MD 
20657. 
FOR FURTHER lNFORMATlON COf@TACT: 
Mona S. Calvo, Center for Food Safety 
and Applied Nutrition (HFF-265). Food 
and Drug Administration, 200 C St. SW., 
Washington. DC 20204, 202-465-9564. 

SUPPLEMENTARY INFORMATION: 

I. Background 
A. The Nutrition Labeling and 
Education Act of 19.90 

On November 61990, the President 
signed into law the Nutrition Labeling 
and Education Act of 1990 (Pub L lOl- 
535) (the 1990 amendments), which 
amend the Federal Food, Drug, and 
Cosmetic Act (the act]. The 1990 
amendments, in part, authorize the 
Secretary of Health and Human Services 
(the Secretary] to issue regulations 
authorizing nutrient content or health 
claims on the label or labeling of foods. 
With respect to health claims, the new 
provisions provide that a product is 
misbranded if it bears a claim that 
characterizes the relationship of a 
nutrient to a disease or health-related 
condition, unless the claim is made in 
accordance with the procedures and 
standards established under section 
403(r)(l)(B) of the act (21 U.S.C. 
Wrl(ll(W. 

Published elsewhere in this issue of 
the Federal Register is a proposed rule 
to establish general requirements for 
health claims that characterize the 
relationship of nutrients, including 
vitamins and minerals, herbs or other 
nutritional substances (referred to 
generally as “substances”) to a disease 
or health-related condition on food 
labels and in labeling. In this companion 
document, FDA has tentatively 
determined that sucn claims would be 
justified only for substances in dietary 
supplements a6 well as in conventional 
foods if the agency determines based on 
the totality of the publicly available 
scientific evidence (including evidence 
from well-designed studies conducted in 
a manner which is consistent with 
generally recognized scientific 
procedures and principles] that there is 
significant scientific agreement among 
experts qualified by scientific training 
and experience to evaluate such claims, 

that the claim is supported by such 
evidence. 

The 1990 amendments also require 
(section s(b)(l)(a)(ii). (b)(l)(A)(vi), and 
(b)(l)(A)(x)) that, within 12 months of 
their enactment, the Secretary shall 
issue proposed regulations to implement 
section 403(r) of the act (21 U.S.C. 
343(r)), and that such regulations shall 
determine, among other things, whether 
claims respecting 10 topic areas, 
including calcium and osteoporosis, 
meet the requirements of the act. In this 
document, the agency will consider 
whether a label or labeling claim on 
food or food products, including 
conventional foods and dietary 
supplements, on the relationship 
between calcium and osteoporosis 
would be justified under the standard 
proposed in the companion document 
entitled “Food Labeling: General 
Requirements for Health Claims for 
Food.” 

FDA has followed the general 
concepts and criteria proposed in the 
companion document in considering 
whether to propose to authorize the use 
on the labels and labeling of food of 
health claims for calcium and 
osteoporosis. In the companion 
document, FDA has proposed that, in 
evaluating whether support exists for a 
health claim, it will consider the levels 
and safety of a nutrient within the 
context of its use in the daily diet. 
Before a health claim for a particular 
nutrient will be authorized, it is 
necessary that the nutrient be safe and 
lawful for use in food at the level found 
to have an effect on a disease or health 
condition. 

The topic of calcium and osteoporosis 
involves a substance which has 
recognized uses both as a component of 
food and of drugs. The agency has 
looked at all data relevant to this topic 
whether the data involved tests at 
dietary levels or at therapeutic levels. 
The agency thought this necessary to 


