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List of Subjects in 21 CFR Part 101

Food labeling, Reporting and
recordkeeping requirements

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under
authority delegated to the Commissioner
of Food and Drugs, it is proposed that 23
CFR part 101 be amended as follows:

PART 101—F0OOD LABELING

1. The autherity citation for 21 CFR
pirt 101 is revised to read as follows:

Authority: Secs. 4, 5, 6 of the Pair Packaging
and Lebeling Act (15 U.S.C. 1453, 1454, 1455);
secs, 201, 301, 402, 403, 409, 501. 502, 505, 701
of the Federal Food, Drug, and Cosmetic Act
(21 U.8.C. 321, 331, 342, 343, 342, 351, 352, 355,
371}

2. Section 101.71 is amended by
adding new paragraph {e] to read as
follows:

§ 101.71 Health claims: claims not
authorized.
* ® ) 5 -

{e} Zinc and immune function in the
eiderly {insert cite and date of
publication in the Federal Register of the
final rule}.

D.ated: November 4, 1807,
David A. Kessler,
Connissinner of Food aed Doy,
Louis W. Sullivan,
Heczortry of Health end Human: Services.
IR Doe. 91-27163 Filed 11-26-91: 8:45 am)
BILLING CODE €160-01-M

21 CFR #art 10¢
| Docke: No. 91N-0103}
R 0905-ABG67

Food Labeling: Health Claims and
Lzbe! Statements: Omega-3 Fatty
Acids and Coronary Heart Disease

AGENCY: Food and Drug Administration,
HEHS.
ACTICN: Proposed rule.

sumaaRY: The Food and Drug
Administration (FDA) is proposing not
to anthorize the use on foods, including
dietary supplements, of health claims
relating to the association between
omega-3 fatty acids and coronary heart
disease {CHD). FDA has reviewed the
scientific data on this topic and has
tentatively concluded this evidence does
niot provide a basis upon which to
authorize such a health claim.
Examination of the epidemiological
research on this topic revealed 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 revealad that the effects on
blood lipids of fish oils containing
omeg:z-3 fatty acids 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 (LBL)
choiasterol, or high-density lipoprotein
{HDL) cholesterol, the blood lipid
varizbles 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
hyperlipidemics and te worsen cantrol
of blood glucose in diabetics.

BATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this proposal becone effective 6 months
following its publication in accordance
with requiremants of the Nutrition
Labeling and Education Act of 199G,

ADDRESSES: Wrilten comnments to the
Dockeis Mansgement Branch (HFA-
205}, Food and Drug Administration, .
1-23, 312420 Parklnwn Dr., Rockvitle, MDD
20857,

FOR FURTHER INFORMATION CONTACT:
John C. Wallinaford, Center for Fosd
Safety and Applied Natrition (HFF-285),
Food and Drug Administration, 200 C St
SW., Washington, DC 20204, 202-245-
0835.

SUPFLEMENTARY INFORMATION;

L. Backgronnd

A The Nuteition Labeling end
Fidunation Act of 1990

Oz November 8, 1900, the President
signed into law the Nutrition Labeling
and Education Act of 1990 (Pub. L. 101-
535) (the 1990 amendments), which
amends the Federal 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 c¢laims on the lahel
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 diseass or
healith-related condition, unless the
cliim is made in accordance with the
procedures and standards established
under section 403{r) (i) {B) of the act {21
U.S.C. 343{r) (1) (B}).

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, and other
nutritional schstances {referred to
generally as “substances”) to a disease
ot health-related condition or food
labels aad in labeling. In this companion
document, FIDA has tentatively
concluded that such claims would only
be justified for substances in dietary
supplements as well as in conventional
foods if it determines, based on its
review of the totality of the publicly
available scientific evidence {including
evidenice 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 hy
scientific training and experience to
evaluate such claims, that the claim is
supported by such evidence.

The 1960 amendments also require
{section 3(b}1}ANii), (b){21){A)(iv), and
(b}1}a)>}} that within 12 months of
enactment, the Secretary shall issue
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proposed regulations to implemant
section 403(r) of the act (21 US.C.
343(r)). and that such regulaticns shall
deterniine, among other things, whether
claims respecting 10 topic areus,
including omega-3 fatty acids and heart
disease, meet the requirements of the
act. The 1990 amendmenis dafincd the
subjcct topic area as the relaticnship
between omega-3 fuity acids and heart
disease. without defining heeart disease.
For the purpose of this dm, imant, heart
disease is considered to be CHD,
defined in the International
Classification of Diseases a3 isc
heart disease and related diSBdSPS most
notably heart attacks (Ref. 331, In this
document, the agency will conmder
whether a claim on food or food
products, including conventional foods
and dietary supplements, about the
relationship between amega-3 fatty
acids and CHD, would be justified under
the standard and criteria prepoesed in
the companion document entitled “Food
Labeling: General Requirements for
Health Claims for Food.”

B. Public Health Aspects

1. Coronary Heart Disease

Cardiovascular disease {discase of the
heart or blood vessels) is a major public
health problem-in the United States.
Cardiovasgular diseases, primarily CHD
and stroke, kill nearly as many’
Americans as all other diseases
combined. Cardiovascular disease is
also among the leading causes cf
disability. These facts hold despite the
fact that over the past 15 years, the
death rate for cardicvascular disease
has declined dramatically: 35 percent for
all cardiovascular diseases, 42 percent
for CHD, and more than 50 percent for
stroke (Ref. 36). Changes in lifestyles,
risk factor reduction, and medical
intervention were major coniribulors to
this decline (Ref. 36).

CHD (disease of the arteries supplying
blood to the heart muscle) is generally
considered to be the mest common, the
most serious, and the earliest form of
cardiovascular disease, frequently
producing symptoms and health
problems in middle-aged adulis {Ref.
115). 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 1.25 million heart attacks
occur each year (two-thirds occur in
men), and more than 500,000 people die
as a result (Ref. 34). Significant degrees
of CHD without easily detectable
symptoms are also very common in the
United 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 cosis
the U.S. economy over 550 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 cholestercl were identified many
vears ago as prominent components of
the blood vessel {arterial) lesions whose
buildup caused a narrowing or biockage
of the blood flow to the heart {Ref. 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 weignt 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 levet
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
blcod. This material, referred 10 as
“plaque,” usually contains an
appreciable amount of cholesterol.

For many individuals, there appears
to be a correlation betwesn 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 cholesteral, that
associated with LDL, conveys an
increased risk of atheresclerosis, while
cholesterol associated with a different
lipoprotein, HDL, conveys reduced risk
of atherosclerosis and CHD {sze
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 losv-
density lipoproteins (VLDL),
independent of LDL, is not clear {Refs.
35, 36, and 115).

There does not appear to be a strong
relationship between atherosclerosis
and blood triglycerides {arother type of
blood lipid, although not a fraciion of
blood cholesterol). Any relationship

between blood triglycer:
found in studies disappesms o
blood cholesterol compunents I\nown o
be related to CHD are tuken into
account {Refs. 4, 35, 36, and 118}, A
National Heart, Blood, and
{nstitute consensus conies
planned for the be
reexamine the relai
blood triglyceride:
Many questions a i
piaque remain unangwere
including why plu ue
formed and to what
consumption of ind
components influcnae b
levels.

2. Omega-3 Fatty A

Omega-3 fatty acids are fipi )

censisting of polyunsaturated fatiy acids
vith three or more double Londs. The
differences between saturated faty
acids and unsaturated falty acids are
discussed in the document on nutrient
content claims on fal, saiurated fut, 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 methy! {(or
omega) end of the fatty acid. The family
of omega-3 fatty acids includes linolenic
acid {18 carbons. 3 doub!e bonds), which
i3 found predominantly in plant oils, and
eicosapentaenoic acid {EPA, 20 rarbons,
5 double bonds) and docosabexaenoic
acid {DHA, 22 carbous, 6 double bonds},
which are found in fish and ¢ther marine
animals. Linolenic acid is a precursor of
the two longer chain omega-3 fatty
acids. However, not all linolenic acid is
converted to EPA or DHA. Omegn-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 fooed source of
Ionger chain omega-3 faity acids is fatty
fish, such as salmon and mackerel (Ref.
83). Another iniportant dietary source of
omega-3 fatty acids in the United States
is chicken that have been fed fish meal.
Bulk and encapsulated ; Ju&){}dl‘d ions
enriched with omega-3 futty acids are
now available in the United States.

3. Relationship of Omega-3 Fatty Acids
and CHD

Although polyunsaturated fati;
other than omega-3 {alty acids ma
affect the risk of CHI, the 1990
amendments direct FDA to consider the
relationship of omegu-3 falty acids to
CHD (section 3 (b} {1} {A) {x} of the 1990
amendments). Mos! of the relevant
research testing the hypothesis that
omega-3 fatty acids reduce the risk of
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CHD his been conducted using fish or
fish oils rich in EPA and DHA because
these particular fatty acids are known to
have physiolegical effects. For this
rcason 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
hypothesized for beneficial effects of
omega-3 fatty acids, reduction in
atheroscleresis and decreased formation
of blood clots (thrombosis) either
because of increased coagulation times
or with concomitant increased
dissolution of clots that may be formed.

Much of the datz on omega-3 falty
acids has been collected in populations
with risk factors for CHD, including high
dietary saturated fat, hyperlipidemia
(high blcod 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 1o
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 38219), FDA affirmed that
hvdrogenated and partially
hydrogenated menhaden oil are GRAS
(21 CFR 184.1472) for use as an edible fat
or oil, as defined in 21 CFR 170.3(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
marketplace. In 1988, FDA issued
regulatory letters concluding that claims
for cholesterol-lowering properties of
fisk 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,
1990). Although additional information
was submitted in support of these health
messages (hereinafter referred to as
health claims), FDA inforined 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. 46). In an advance
notice of proposed rulemaking published
in the Federal Register of August 8, 1989
(54 FR 32610), 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 chronic 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 Health's
National Cholesterol Education Program
(NCEP) Report on *“Detection,
Evaluation and Trcatment 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:
Implications for Reducing Chronic
Disease Risks” (Ref. 115); the 1986
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 19589
Mitre Report on “Health Effects of
Refined Menhsden Qil” (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
articles (Refs. 10, 21, 82, 84, 89, 91, 111,
112, 127, 161, and 162). I{owever,
surveys and cross-sectional or
prospective studies, other than
intervention studies, that had been
published before 1983, 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 studics
oi suggested possible mechanisms of
action.

E. Comments Received in Response to
FDA Request for Scientific Data aned
Informotion

To ensure that its review was
complete, in the Federal Register of
March 28, 1991 (56 FR 12932), FDA
requested scientific data and
irnformation on the 10 topics, including
omega-3 fatty acids and CHD, identified
by section 3 (b) (1) (A) of the 1990
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 discase
would be considered drug claims.

Ten comments (including one bouk)
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 {or
regulating health claims. Five comments
from trade organizations, food
manufacturers, or manufacturers/
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distrilyutors of dietary supplement
products described properties of omega-
3 futty acids and provided bibliographic
formation for scientific informaticn of
the topic. One supplement manufacturer
provided a listing of proposals for
rescarch on omega-3 fatty acids and an
unpublished paper on the utility of fish
nils in providing dietary omega-3 fatty
acids. One comment from a trade

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.

1. Review of the Sdientific Evidence

A. Federai 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:

* ~ * 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
consumption of omega-3 fatty acids.
Additionally, the report cauticned 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
fanty arids are useful for reducing LDL-
cholesterol ievels. 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-
ferm ingestion of these fatty acids will lead t
undesirable side effects. The use of fish-oi}
capsules as a supplement in a therapeutic
diet for high-risk cholesterol levels is not
recommended here * * *

{Ref. 35, p. 33).

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

prtective eifects of omega-3 futty acids
from fish:

© " Consumpticn of coiega-J fatly acids
aid be differentiated from that of Fish.
Some fish are rich in omega-3 fatty acids
while others ave not. Epidemiclogical data
suggest that frequent consumption of fish of
any type, seemingly indopendent of omega-3
futty acids, is associated with reduced CHD
risk. Whetber this is true or not, fish can
sarve as a useful substitute for meats that are
richer in saturated fats, * * *
{Ref. 35, p. 33).

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

* * * Supplementaiicn of the diet with
ismega-3 polyunsaturates, without altering the
imtake of saturated fatty acids, does not
cause 8 lowering of LDL-cholesterol, * * *
{Ref. 35, p. 38).

“The Surgecn General’s Report on
Nutrition and Health” (Ref. 34) and the
INCEP reports encouraged consumption
of fish, but none found adequate
evidence that omega-3 fatty acids couid
reduce the risk of CHD. Further. the
NCEP Reports {Refs. 35 and 36)
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. Cther Reporis

The National Academy of Sciences
{NAS]} Commitiee 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 cinega-3 fatty acids on
plasma lipids and lipoproteins and cited
the indepth review of Herold and
Kinsella (Ref. 67) on eicosanoid effects
of EPA and DHA on hemostasis and on
metabolism of omega-3 fatty acids. NAS
concluded that:

* * " Their jomega-3 {atty acids] effects on
LDL. cholestercl vary, and data on the lung-
term health effects of leige doses on omega-3
polyunsaturated fatly 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 sufficient to
ascertain whether the association is causal or
relnled to the omega-3 polyunsatnrated fatty
acid content of fish.

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

« ¢ * Although consumption of fish one or
move times a week has heen asscciated with

¢ reduced risk of coronary hea
committee does not recemine
trated fish oil supple
s insufficient evidenc
beneficial and the abseunce of long
adverse effects has not been established.

ang-term

in 1986, FDA contracted wiin the Life:
Sciences Research Organizs-tion (1SRG}
of the Federation of American Societiss
for Experimental Biclogy (FASEB) in
review the evidence for the rule of
omega-3 fatty acids in health and
disease {Ref. 83). The report concludied
that fish consumptica provided:

“ a2 ow

some degree of protection against the
development of cardiovascular disease. Mast
studies have found an inverse relationship
botween fish consumption and coronary
heart disease mortality. The omeya-3 fatty
acids in fish have been presumed to be
responsible for these effects, bui whether
other compounds in fish may be involved
remains to be determined.

The LSRO report also concluded that:

¥ * * Ciinical trials of the use of omega-3
fatty acids to reduce serum lipid levels ia
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 cauntioned that:

* * * Animal studies indicate the potential
for several deleterious effects. 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 cmega-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 bleeding
conditions such as childbirth, ulcers,
hemophilia, and menstruation), reduced
plctelet 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 contracied 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 clinicad
trials in coronary patients. Brief
synopses of selected scientific reports
were presented in each section,
followed by a summary of the full repor
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 plague but ciled only
animal studies as evidence. It concluded
that omega-3 fatly acids affect platelet
function but did not provide evidence
that the altered platelet function would
or would not reduce the risk of CIHD in
humans. It described an effect of omega-
3 {atty acids on blood pressure but did
pot 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
censidered 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. FDA
conducted a thorough review of the
literature published between January
1988 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 censidered randomized, double-
blind, placebocontrolled trials to be
more valuable than other types of
human studies because they were less
susceplible 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 aualytical. 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
cumpared to a health outcome such as
CHD, prospeclive 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
representativeness 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 falty acids. The
agency also gave greater weight to
studies in which compliance was
documented with a biological marker of
freatment, 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

1elevant to the issue, it also considered
studies in subpopulations with CHD or
risk faclors for CHD. FDA extrapolited
positive resulls from at-risk populations
cautiously, however. While FDA
assumes that the same mechanism of
CHD risk is affected by omega-3 fatty
2cids in both high risk and generally
healthy populations, the agency belicves
thiat the high risk population may be
niore sensitive to showing an effect.
When it did make exirapolations, FDA
considered it essential that data
showing the same effect in the general
population were also available.

FDA evuluated the weaknesses and
strengths of individual studies reviewed
(Tables 1 and 2). FDA then assessed the
strength of the overall combined
cvidence (e.g., epidemiologic studics and
animal studies) in light of five factors,
strength of association, consistency of
findings, specificity of the association,
presence or absence of a dose-respunse
relationship, and biologic plausibility of
an association,

2. Epidemiologic Evidence

a. Correlational and cross-sectional
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. 68 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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rent populations (Rel. 23), and when
ietary variables were coatrolled.
the relationship was no longer apparent.
CHD wnortality in two provinces in
Canada was not correlated to per capila
Fsh intake in those provinces {Ref. 74),
nor was a correlation found in two
Norwegian communities (Ref. 141) with
different fish consumption.

h. Prospective studies. A prospective
study of 852 men found that an average
consurption of 30 grams {g) of fish per
day over a 20-year period reduced the
rick of CHD by more than 50 percent
{Ref. 7). 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 rigsk of CHD. Also, a study from
Sweden (Ref. 113) reported an effect, but
it was not statistically significant. These
nenintervention epidemiologic studies
are summarized in Table 1.

One type of evidence that would
support a causal relationship between
two factors is a dose-response
relaticnship, 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 amnount 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 onn CHD is seen with smal
amounts of fish (i.e., 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
cengumption of fisn containing omega-3
faity acids and CHD. Only one study
relaizd the protective effect to the
caleulated amount of dietary omega-3
fatty acids rather than to consumption
of fish {Ref. 38). Other dietary variables
known to be reiated to CHD were also
corzelated with fish consumption in
these studies. For example, in the
prospective study of 852 men (Ref. 87), a
number of otuer dietary variables that
may indeper dently be related to the risk
of CHD were also related to fish
consumption. In this : tudy, men who
consumed the largest amounts of fish
also consumed significantly more
alcohel and monounsaturated and
polyunsaturated fatty acids than men
who did not eat fish. Thus, dietary
factors associated with fish intake other
than cmega-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 ke protective against CHD is
very low, so low that their level calls
into guestion whether the omega-3 fatty
acids in fish are the componert
respousible for the reported protective
effect. Also, the dose-response
relationships reported differ somewhat.
In Kromhout et al. most of the reduction
in risk occurred when only 1 to 14 g/day
of fish were consumed {about 0.3 g EPA
plus DHA]J {Ref. 87). In contrast, the
study that related CHID risk to estimates
of omega-3 fatty acids consumned (rather
than fish) found the effect waus
pronounced only among those who
consumed the greatest amoun? of
omega-3 fatiy 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 {Refs. §7 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 in life and an effect from
chronic fish consumption. The shorter
duration followup Multiple Risk Factor
Intervention Trial (MRFIT) study
estimated dietary consumption from 24-
hour recail data collected approximately
yearly over the 6-year followup and
supports that continued consumpticn 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
experimentsl trials are considered to be
the most useful to infer causal
relationships, enly cne study of this type
has been completed on omega-3 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 combinations of these three
types of advice were given. Ancther
group, serving as a control, received oo
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 nonfish-advice groups. Fish
cousumption was measured by a dietury
quesiionnaire in a subset of subjects in
the fish-advice group. The amount of -
fish reported by Burr et al. to be
protective was modest, approximalely
200 10 400 g fish per week (Ref. 16).

Some {14 percent} of the men at 6
months into the trial, and more (22
percent) at the end of the Z-year trial,
consumed encapsulated fish ¢il rather
than the prescribed amount of fish {500 ¢
per week, or about 2.5 g EPA pur week),
However, separate data for the fish
consumers and fish oil consumiers wers
not presented, so the effects of fish oils
cannot be compared n the ¢ifzcic of fish
consumption, No dose-respouss snalysis
was performed, and 1o biock-mival data
were reported documenting it
ingestion and incorporation ol omega-3
fatty acids. Data were not reportad on
the effects of advice about fish
consumption on markers of U, e,
seruim cholesterol (although it was noted
that the fish-advice group had increased
total serum cholesterol at 6 months aud
unchanged total cholesterol after 2
yesrs), making it difficult to put the
results of this study irio 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 sffects of
omega-3 fatty acids on CHD has been
derived from clinical trials using
concentrated fish 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 deuth
as an endpoint but instead used
surrogate markers for CHD, e.g., serum
lipids, blood pressurc, measures of
clotting, and clot dissolution. While
these markers are lirsited in their abilivy
to predict CHD, they are easily
measured and provide important
information about intermediates in the
disease processes. The amournt of
omega-3 faily acid intake in studies
usirg fish oils is usually greater thaa the
amount of omega-3 faity acids in fish
diets associated with reduced rigk of
CHD.

The clinical effects of crmega-5 fatty
acids from fish oils are generally
evaluated relative to two categories;
Effects on atherosclerosis and ca blooid
lipids closely correlated with
atherosclerosis, and effects ¢n
thrombosis (aggregation of bload
platelets and fibrin leading to blood cict
formation) and hemoestasis {the arrest of
bleeding). However, there are other
potzutial effects of omega-3 fatty acids
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that could affect risk of CHD that also
require evaluation, e.g., whether omega-
3 faity acids reduce blood pressure.
Table 2 is a summary of data from
olinical trials published since 1967,

a. Atherosclerosis—i. Biood lipids.
The effects of fish oils and high fish
dizts on blood lipids have been studicd
brecause such effects, if demonstrated,
would represent a mechianism by which
omega-3 fatty acids ceuld reduce risk of
CHD. Although some studies of high fizh
iliets reported reductions of serum
chotesterol and LDL and VLDL
chelesterol, these stadies also involved
subslantial changes in other components
of the diet, primarily the replacenient of
saturaied fat with unsaturated fat (Refs.
17, 62, and 117). Thus, the effects could
not be definitively attributed to omega-3
futly acids. Most recent siudies have
used fish oil supplemenis containing
omega-3 fatty acids rather than fish and
hrave used a placebo containing
alternate polyunsaturated fatty acids in
an attempt to avoid confounding effects
of vther diet components.

The predominant blood lipid effects of
fish oils in normal subjects, in
subpopulations with diseases or medical
conditions associated with increased
risk of CHDJ, and 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, 36, and 115). The effects
on total cholesterol, LDL cholesterol,
and HDL cholestercl have been
vurigble.

Most studies of rnormal, healthy adalts
show no significant effect that can be
spectfically attributed to fish oil on
serum total cholesterol, LDL, or 11DL
cholesterol (Refs. 9, 14, 15, 17, 20, 24, 31.
43, 48, 49, 53, 54, 59, 73, 98, 99, 104, 109,
146. 150, 156, and 166). Only four of
these studies were carried out in a
randoemized, double-blinded, placebe-
cuntrolled design (Refs. 6, 24, 54, 73, and
168}, 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. 14 and
17). Some studies reporied no effects of
fish oils or used relatively small
numbers of subjects, and may not have
had sufficient statistical power to detect
a difference (Refs. 15, 24, 31, 48, 59, 99,
104, and 146). Two studies used fish as
the source of omega-3 fatty acids (Refs.
17 und 156) which does not provide a
tuisis on which to separate the effects of
omega-3 fatty acids from the effects of
other components of fish or on which to
separate the effects of polyunsaturated

futty acids from the effects of omega 3
futty acids. The studies ranged in
duration from only 3 weeks of treaiment
1012 weeks.

i'te studies with the most rigurous
design and largest number of subjecis
feund that supplementation with fish
oils, or increasing dietary fish
consumption, resulted in decressed
blood triglycerides among normusl,
healthy subjects (Refs. 9, 49, 54, and
156). The only studies among norn:al
subjects where no decrease in
triglycerides was found either used sory
small deses in & small numbers of
subjects (Croset et al. 1990 used 100 my
EPA/d in 8 subjects; Lex 19600 used )
mg FPA plus DHA/d in 8 subjects). ar
the decrease was marked Lut not
statistically significant (Refs. 99 uad 73).

The siudies with the most rigorous
design and largest number of subjects
also found that there was no effect of
fish oils on total serum chelesterol {Refs.
6. 9, 14, 49, 54, 73, and 166). The only
study reporting decreased total
cholesterol fed 30 to 40 percent of
calories from fish oil, confounding
effects of omega-3 fatty acids and
pelyunsaturated fatty acids (Ref. 59).

These same studies found no change
in LDL cholestercl, except that Fumeron
et ai. (1991) reported increased LDL
cholesterol. Similarly, most studies did
not find a significant effect on total HDL
cholesterol (Refs. 6, 9, 14, 31, 54, 73, and
166). Flaten et al. (1990) and Takimolo el
al. (1989) reported a decrease in total
HDL cholesterol at 6 weeks of
supplementation, but these studies used
relatively high doses (7.7 g EPA plus
DHA/d and 8.2 g EPA plus DHA/d.
respectively). Neither study controlled
for polyunsaturated faity acids.
Compared to suturated fat diets, fish
diets may reduce HDL cholesterol {Rel.
17). although an increase in HDL
cholesterol was reported after fish
paste. compared to meat paste
supplements, were added to ike diet
{Ref. 17). Some investigators (Refs. 9 and
54) have reported that supplemcntation
with fish oils increased HDL,
cholesterol, the particular subfraction of
HDL that is most closely relited to
decreased CHD risk (Ref. 3], whersus
others found oo change (Refs. 14 and
49).

Data have also been reported on the
apoproteins associated with LDL {apeB)
and with HDL (apoA), in contrast to the
cholesterol assoclated with these
lipoproteins. No effect of fish oils has
been found {Refs. 6, 54, and 73}.
Although there are fewer data reported.
it appears that apoprotein components
of lipoproteins respond in the same
manaer as the cholesterol component.

Lew lower after Teeding polynnsaturates.
including fish oils, than aiter o saturted
fut diet {Refs. 43 and 52).

Thus, except for a study in which very
{urge amounts of fish cils were fed,
recent studies have not found fish oils 1o
modify total serum cholesterod, LDI,
cholesterol, HDL cholesterol, or the
apoproteins associated with these
lipoproteins in normal subjects. The
possibility of a selective incrcase by G
oils containing omega-3 fatty acids of
DL (a fraction of HDL) cholesterol,
shich is inversely related to CHD, is th
most promising change in blood lipids
vet reported. but the data reporied 1o
dute are equivocal.

There have been many studies
rucently on the effects of fish oils on
serum lipoproteing among
hvperlipidemic subjects {peopic with
eievated blood cholesterol with or
without elevated triglycerides),
hypertriglyceridemic subjects {people
with high blood triglycerides), and
subjects who already have CHI). Most
of these studies had strict designs,
including randomization with or withiil
crossover, blinding, and placebo
treatments (Refs. 26, 29, 43, 61, 63, 80,
105, 114, 118, 121, 129, 140, 150, 164, and
166), but similar results were found in
less rigoreusly centrolled studies (Refs,
28. 60, 107, 130, 146, and 148). As in
normal. healthy persons, the most
reproducible effect of fish eils
containing omega-3 fatty acids in these
subpopulations is a decrcase in semum
iriglycerides with the most marked
recluctions for those subjects with
highest starting values. In addition. in
common with the results in normal
subjects, most studies in
byvperlipidemics found no change in totat
serum cholesterol. In contrast to normal
subjects, however, most studies on
hyperlipidemic subjects reported an
increase in LDL chelesterol following
fish oil supplementation (Refs. 26 {for
males). 60, 61, 63. 80, 84, 114, 119, 121,
130, 140, 146, 164, and 166), although a
few found no change compared to olive
oil {Refs. 29, 105, and 107) or may not
have had sufficient statistical power 10
detect a difference (Ref. 43). One
reported a decrease (Ref. 148}, The lovel
of &poB has also usually been found
higher after fish oil consumption (Refs.
29, 43, 60, 61, 133, and 140). HDI.
cholesterol is usually reported as sot
changed (Ref. 114}, but some increases
and decreases have been reported (Refs.
26 {males), 29, 63, and 130}. Takimoto el
i, {1889]) and Radack et al. {1990}
reported lower HDL, cholestercl.

it. Vessel wall effects. Anothier way
tnat omega-3 fatty acids could affect the
process of atherosclerosis is through
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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. 50, and 138).
Some of these functions are keeping the
muscle cells 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 162).
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 136).

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. 30).
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. 56, 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
#poA, 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
tvpe 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. 98 and
166) and in subjects either with risk
factors for CHD or with diagnosed CHD
(Refs. 28, 59, 95, 144, 145, and 166).
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. 64). 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. 67, 70, 86, 159, and

162 for reviews; ulso in normal subjects
see Refs. 2, 6, 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 studics 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 160), 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. 66
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 plasimna 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 10 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. 40). 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. 20), raising
the possibility that components of fish
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ather than the omega-3 fulty acids wers
rosponsible for the effect. In the
remasining two studies, no effect was
found compared to a corn ail placebo
fRefs. 11 and 118), and oue study
shwwed that both corn oil and fish oil
raduced fibrinogen compurably (Ref.
118), suggesting that the effect was
produced by polyunsaturaled fatty
acids, not specifically omega-3 fatty
arids.

Similarly, no clear relationship
butween omega-3 fatly acids and factors
involved in dissolving blood clots has
emevged (Refs. 28, 104, 150, and 131).
Firally, a particular compoenent of one of
the lipoproteins, lipoprotein (a) is also
considered a marker for atherosclerotic
disease by its regulation of fibrinolysis,
but the effects of omega-3 fatty acids on
lipoprotein {a) have only been reporied
iz abstracts.

iv. Blood pressure. One of the most
consistently reported effects of omega-3
fatly acids from fish oils is a decrease in
biood pressure. Among normal healthy
subjects, reductions have been reported
for systolic blood pressure (Refs. 6, 24,
49, and 80); reductions in diastolic blood
pressure have not been significant
{except Haglund et al. 1990, but the data
for Haglund et al. 1890 are confounded
because separate data were not
reported for healthy subjects and
subjects with CHD (Ref. 57}). One study
among normal, healthy men showed that
a mixed dietary supplement containing
fish oil reduced systolic blood pressure,
whereas no effect was seen when the
supplement contained linseed oil or
safflower oil {Ref. 80). Other studies in
normal, healthy adults found that the
reduction in blood pressure following
consumption of fish oils was
cormparable to the reduction afier
consumption of other polyunsaturated
oils {Refs. 20 and 49} or foeund no
significant change after consumption of
fish oils {Refs. 9 and 73).

In one report of a study of
hypertensives {Ref. 11}, a moderate dose
{5.1 g/day) of purified ethyl esters of
EPA and DHA for 10 weeks reduced
bilond pressure proportionally to the
increase in plasma omega-3 fatty acids.
Interestingly, no effect of fish oil was
found among those subjects who
hubitually consumed three or more
meals of fish per week. Controlled
studies among hypertensives and among
diabetics found reductions in both
sysiolic and diastolic blood pressure
{Refs. 11, 77, 85, 101, and 147). Very high
amounts of fish oil (50 mL/day) were
used in two of these studies (Refs. 85
and 95), and the placebo in one study
was olive oil, not & high polyunsaturated
ail (Rel. 77), so it ig not clear if the effect

of fish oil was because of
polyunsaturated fatly acias or eimega-)
fally acids.

Whether the magaitude sad duration
of any decrease in blood pressure
persist afler longer term consumption of
ninega-3 falty acids is not known. The
tongest duration of supplemeniation in
ihe above studies was 12 weeks.

These results for effects of omega-3
fatty acids on blood pressure of normal
subjects are ambiguous. Some studies
found a reduction in systolic blood
pressure after consumption of fish oils
containing omega-3 fatty acids, svhereas
others did not. None of the studics found
a significant reduction in diastolic blood
pressure, Therefore, it also remains to
be established that the normal, healihy
population will reduce their risk of CHD
via a reduction in blood pressure
following consumption of omega-3 fatty
acids.

in summary, there are a few
established effects of omegs-3 futty
acids from fish cils on thrombosis and
hemostasis. Standardized bleeding times
are increased, and platelet aggregation
and function are reduced. However.
direct relationships between the
changes in bleeding times or platelet
function and risk of CHD have not been
established. While there is an
established relationship between blood
pressure and CHD, it has not been
shown that omega-3 fatty acids
specifically affect blood pressure in
normal subjects in a way that would
provide a protective benefit toward the
risk of CHD. Effects of omega-3 fatty
acids on other markers linked with
CHD. e.g., fibrinogen or lipoprotein {a}.
have not been established.

4. Other Relevant Information

a. Animal studies. Animal studies.
where the atherosclerosis may be
measured directly, provide some
evidence of an anti-atherogenic effect
for omega-3 fatty acids. Studies in
rabbits (Refs. 65 and 165), pigs (Ref. 81).
rhesus or African green monkeys (Refs.
27 and 116}, and dogs (Ref. 90) reported
that incorporation of omega-3 fatty acids
in a diet designed to promote
atherosclerosis actually reduced
development of atherosclerotic disease.
However, other animal studies showed
no reduction, or an increase, in
atherosclerotic disease afier dietary
supplementation with omega-3 fatty
acids {Refs. 19, 47, 51, 69, 97, 122, 123,
126, and 151). Thus, there are some data
from studies in animals which suggest

- the possibility of a beneficial effect of

omega-3 fatty acids on CHD, however,
the data are equivocal.

b. Safety considerations. Trials of the
effects of fish oils containing omega-3

fatty acids among diabetics show tha!
total chielesterol, LDL cholesterol, or
apoB may increase {Rels. 7, 77, 79, 108,
110, and 128). While some studies amnng
insulin-dependent diabetics found no
significant effect of fish oils on the
ability to maintain desired levels of
bivod glucose {Refs. 77 and 124}, others
reported impaired glucose control {Ref.
55). Other studies on noninsulin-
dependent diabetics reported that fish
oil resulted in increased-blood glucoese
{Refs. 44, 52, 128, and 130}. Adverse
effects on blood glucose control have
been reported for subjects who were
both hypertriglyceridemic and diabetic,
either insulin-dependent (Rel. 94) or
noninsulin dependent (Ref. 148). In cne
study there was an increase in the blood
triglyceride level over and above the
initial level after fish-oil
supplementation was discontinued {Ref.
124). Thus, use of fish oils containing
ornega-3 fatty acids may pose paiticular
additional risks among diabetics,
regarding both serum lipids and
glycemic control.

II1. Tentative Decision not to Authorize
a Health Claim Relating Ingestion of
Omega-3 Fatty Acids to Reduced Risk of
Coronary Heart Disease

in evaluating the scientific evidence,
FDA considered the strength of
association of omega-3 faity acids with
CHD or surrogate markers for CHD, the
consistency of findings among the many
studies, the specificity of the outcome to
omega-3 fatty acids, the 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
increasad consumption of omega-3 fatty
acids will reduce the risk of CHD.
Furthermore, the review of scientific
information reveals potential serious
safety concerns about the use of fish oils
containing omega-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 available scientific
evidence supported the claim that
omega-3 fatty acids reduce the risk of
heart disease. FDA reviewed the
position taken in numerous Federal
government and other authoritative
scientific reports and evaluated the
totality of publicly available scientific
evidence that has become available
since those reports were written. The
tentative decision to deny a health claim
is based on the conclusions 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 Diseasc 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 consumption 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
s0 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 ove such trial (Ref. 16). The results
of that study showed that increased
consumption of fish does not reduce the
risk of a sccond 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 CHD
(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
Leen observed consistently in normal
healthy individuals as well 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 magritude
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 coutrol
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 inajor 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 RIA.

V1. 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 to be identified vrith the
docket number found in bracke. : i~ the
heading of this document. Receiv
comments may be seen in the offic
above between 9 a.m. and 4 p.m,,
Monday through Friday.
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VII. Effeciive Date

FDA is proposing to make these
regulations effective 6 months o:fier the
publication of a final rule based on this
proposal.

VIII. References

The following references have been
placed on display in the Dockets
Management Branch (address above)
and may be seen by interested persons
between 9 a.m. and 4 p.m., Monday
through Friday.
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List of Subjects in 21 CFR Part 161

Food hhoiing, Reporting and

recordkeeping requirements.

Thercfore, under the Federal Food,
Drug, and Cosmetic Act and under
anthority delegated to the Commissioner
of Food and Drugs, it is proposed that 21
CFR Part 101 be amended as follows:

PART 1G1—FOGD LABELING

1. The authority citation for 21 CFR
part 141 is revised to read as follows:

Authority: Seus. 4, 5, 6 of the Fair Packsging
and Labeling Act (35 U.S.C. 1453, 1454, 1455};
sacs. 201, 301, 402, 403, 469, 501, 502, 505, 701
of the Federa! Food. Drug, and Cosmetic: Act
{21 UL.S.C. 321, 331, 342, 343, 348, 351, 352, 355,
371)

2. Section 101.71(f} is amended by
adding new paragraph (f} to read as
follows:

§ 101.71 Heal
authorized.
. . - . .

{f) Omraga-3 futty acids abd coronary
heusrt disease (insert cite and date of
publication in the Federal Register of the
final rule).

Dated: Novemnber 4, 1961.

David A. Kessler,

Comaniissiongr of Food ana Drugs.

Louis W. Sullivan,

Sweretory of Health eid Human Services.

Note: The following tables will not appear
in the wnnuat Code of Federal Regulations.

i claims: claims not
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FATTY ACIDS AND CORONARY HEART DISEASE: SURVEYS, CROSS-SECTIONAL, AND CORRELATIONAL STUDIES
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cooperation and develop-
ment statistics (Commodi-
ty).

. 7,815 heaithy Japanese
men
. 6,258 men.......

42 healthy subjects from

both fishing and farming

communities  in

Japan.

Per capita average intakes
of fish.

136 men total 34-35 yeais

Japanese, Japanese .
Amsricans., Caucasian
Amaricans.

77 elderly persons on

Kohame lstand.

Chiba,

Short-term

12 years.... ..

8 years...

Short-term

Shorl-term......

) i
old: fural Japanese, urban °

Short-term

Short-term

6 fatty acids/d. Danes :

consumed 2.8 g omega-3
tatty &cids/d and 10.0
omega-b faity acids/d.

Per capita food consumption
statistics.

Reported fish consumption
{24 hour recally

24 hour
intake

recalt of dietary

! Normal diet

Morma et

Normai diet ..o e

Normal diet .....

Corralaiion betwean
food consumption
statistics and
rnortality rates
from CHO in 1%
nations.

Adjusted for major
risk factors
associated with
CHD.

+ Adjustad for major

" risk factors
associated with
CHD.

i Estimated fish,
omega-3 fatty acid
intake related to
platelet
aggregation, blood
viscosity.

Correlation of diet
with CHD
mortality rates.

8-12 hour fasiing
lood samples tor
bigod lipids
Systolic and
diastolic blood
pressure

. Correlation............ ...

wrolied. Sampie size was
small. Good hypothesis

generating studiss

Major CHD  rien  facrors,
epoiiage, export ot focds,
genctic differences

Letter to the editor

One of tow studies to evalu-
ate  oinega-3 tatty acid
intake. Individisals with a
histcry ot CHD exciuded
from this study.

Hypothesis generating

study: nesd cchert siudies.

Data do not relate to individ-

wals, not adusled ror
major nsk  factore  for
CHD. Need cohort data
on food intake/CHD mor-
1ziity.

Good  survey  techniques.

Need cohort data on CHD
mostaity. THig is primarity
& fnypothesis  ganerating
study.

This is prirnarily a hypothe-
sis generating study.

land, who had high con-
suinption of omega-3 tatty
asid in marine foeds, than
ameng Greenlanders who
migrated 10 Denmark, and
who had lower omeqs.3
iatty azid canaurrplic

Some rations with fugh
consumatior: had  high
rates CHD  mcriaiity
and some naticns  with
iow fisihh consumetion had
lew CHD rmortality rates.

No significant trend for CHOD
and tish consumpticn

il

~
i

Mortality dua to CHD in-
varsely proporticnal {0
205, 228 and I8

ornega-2 fatty acids. Dose
response effect repcried.

Inverse relationship tetween
fish intake and rats of
CHD mortality in the com-
munity.

Comparison did not indicate
& measurable difference
in CHD mortality rates de-
spite greater tish  {on-
sumpion in Atantic Prov-
nces.

Progressive decline in hsh
consumption  trorn rural
Japan 10 uiban  Japan
Japaness Armencans and
Caueasiar: Americans.,
Theie was an inversa cof-
felation  between CHD
rates and fish consump-
tion in these populatiors.

Berum  omega-3  fatty
acids correlated  maost

strongly with dark meat
fish intake.
Higher serum levels of eico-

sapentaencic acid and
high density lipoprotein,
iower salt intake and

blood pressure in Island-
ers than mainland Japa-
nase. Mortality due 1o tiv-
periension  and  chroric
heart disease !owsr than
mantand Japsr

q jrana g
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TABLF 1.—OMEGA-3 FATTY ACIDS AND CORONARY HEART DISEASE: SURVEYS, CROSS-SECTIONAL, AND CORRELATIONAL STUDIES—Continued

I T T T T T
Reference | Design : Subjects i Duration [ Base diet Method Comments i Findings
Kromhout €t al. ' Prospective  study dietary : 852 healthy men in Zut- L 20 YEArS. ...l NONE .ooieeiiiiiec oo . Adjusted or major - Inverse relationship between . First study to report dose
1985 New " questionnaire. ! phen, Holland. ! CHD nsk factors. fish  consumption and response. Noted lean fish,
England Journal ; CHD mortality. low in omega-3 fatty
of Medicine i ; . acids, had some protec-
312:1205. : tive effect against CHD.
Kromhout 1989 Prospective study (number : 16 cohorts in 7 country | 15 years......... Questionnaire at entry to : Correlation.. . Author suggested that CHD Low mortality <20 deaths
Journa! Internal of subjects nct given in ' study. Categorization of ! " survey level of fish con- : mortality not primarity de- due to CHD per 1000 re-
Medicine (supp!) paper). Heview article pre- ©  fish intake as group rather * sumption guintiles from pendent on level of fish ported in all quintiles of
225: senting brief summary of . than as individuals. <10 g/day to 200 g/day. consumption. Other be- ' fish intake. One cohort re-
. previously unpublished in- ‘ ‘ ‘ haviors including level of © porter 60 g/day average
formation. : :

saturated fat in the diet | intake and had <120

; . are  important. Need : deaths per 1000 due to

cohort data, unabie to de- CHD. Controlting these

. termine fish consumption factors, fish consumption

. in individuals with CHD ; at a low level may te of

: : mortality from this analy- | importance in the preven-
' : | : i sis. { tion of CHD.

Norell et al. 1985 " Prospective ... 10,966 Swedes bhorn be- 14 vear ' Mait questionnaire...... ... " Adjusted for age, The author suggested the ' The trend for CHD mortality
British Medical tween 1886-1925. followup. smoking, weight, study supported a protec- versus fish consumption
Journal 253:426. : . sex, marital tive effect of fish con- was barely significant at

‘ . ; : - status, geography. sumption for CHD mortali- the 90% confidence level.
Excluded people . ty. The data for this con- The Chi square trend was
with history of clusion were weak. not significant.

| ; hypertension,

; ; i . heart disease.

Shekelle et al. 1985  Prospective dietary ques- @ 1931 middle aged men........... 25 years......... i Normal diet........ccooecvirermeeinnnans : Adjusted for major Letter to the editor.................. Inverse trend for risk of
New England ! tionnaire. i { : ' risk factors death and fish consump-
Journal of ‘ f : ‘ associated with tion.

Medicine 313:820. CHD.

Simonsen et al. i Correlation of diet and \ 14 males each from farming | Short-term...... Normal diet ..o,  Correlation............cc.o... . Smoking, sample size, medi- . No differences in CHD rates
1987 Acta Medica serum lipids with CHD | and fishing community. ! 3 : cal records. . in the two communities
Scandinavica © mortality rates in these despite 2.5 fold greater
222:237. communities. : : fish consumption in the

; coastal 'group.

Voliset et al. 1985 Prospective study...........c......... . 11,000 healthy, middle aged : 14 years......... Questionnaire on diet, fish | Adjusted for major - Letter to the editor.... . No relationship between fish
New Engiand ‘ : { men. i consumption. i risk factors consumption and  CHD
Journal Medicine : ‘ i associated with except in men under 45
313:820. : ‘ . CHD. years old.

Abbreviations used: CHD, coronary heart disease; d, days
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Altey et al. 1950
Arterigsclerosis
1385,

Agren et al. 1950
Thrombosis
Hgsearch 57.265.

Azar et al. 1989
Kidney
International 36
{supp) 27):5239.

i

Bach et al. 1989
Annals of
Nutrition
Metaboiism
33:359.

Bagdade et al. 19590 .
Diabates 3%:426.

Blonk et al. 1990
American Joumnal |
Chinical Nutrition
52:120.

Bonaa et al. 1990
New England ;
Journal Medicine
322:795.

‘ Randomized, dose-

Randomized non-

Tasie 2.—0OMEGA-3 FATTY ACIDS AND CORONARY HEART Distass: Cumicat STUDIES

1

Pandomized,
advubie-lind, 3
oils.

Randornized, dose
response.

Non-biinded,
uncontrolied.

‘Randomized double- -
blind placebo-
controtied trial.

Non-blinded
uncontrolled.

response.

blinded, placebo
controtied.

oration |

6 weeks .

12 wocks

5 weeks

3 months.......

112 weeks.......

10 weeks

Amount

i

i
4

i

Findings

{MaxEPA) v
safflowar, linsead
oils.

0.25, 0.5, 6.6 and
11 gEPA +
DHA from fresh-
watar fish.

......... 6 g MaxEPA/G ...........

1.20r25¢9EPA
plus DHA from
salmon oil/d v
Miglyo! 812,

6 g EPA:plus DHA,
SuperEPA,

1.5, 3, 6 g EPA plus
DHA ethy! esters/
d.

5.1 g EPA plus DHA
as ethyl estar/d v
corn il

!

3.4 g EPA plus DHA . 11 normotensive

mildty
hypercholestoroie-
mic malas.

160 heaithy mata
students.

7 male and 6
femaie
hemodiaiysis
patients.

30 healthy aduits

8 normolipidemic
insulin-dependent
diabetic women.

45
normotriglyceride-
mic roales.

157 hypertensive
heaithy, age 34 to
60. :

S Chol, HDL, IDL; 1 LDL,
} TGs, VDL TG and
chot, apoB, apoA-i,
apoA-il; 1 rato ¢f apoA-
1/ apna-il.

§ platalel aggregation to
coliagen, ADP in two
highest fish consumption
groups: | TXB, in high
amount, ongest time
group: NS bleeding.

NS Chol, apoA; | TGs,
apoB, and apoB/apoA
ratio.

NS Chol, LDL, HDL, TGs;
| BP, plasma viscosity,
RBC rigidity, plateiet ag-
gregation.

} TGs: t Chol, HDL,
apcA; NS LDL, apoB,
HOL..

i TGs, HDLs; 1 HODL,
HDLy: HDLs; NS Chol,
VLEL, LDL, totat HOL; NS
B8P, bleading time, RBC
deformability,  leukocyte
Killing.

NS Chol, HOL; | BP tinear

with change in plasma
EPA plus DHA: NS bleed-
ing, fibrinogen.

Concurrent

Cormments

finoteic  acid
{omega-6) and linoclenic
acid (omega-3) contro}
groups aliow conclusions
about omega-3 fatty acid
specific  effects. Dietary
intake was controlled,
compliance was moni-
tored by plasma fatty
acids. Comparisons v
baseiine values, following
3-week safflower oil run-in
| HDL on linseed oif
oniy. See Kestin et al
1990

Effects on 1.5 fish meals/

weeks (0.5 g EFA plus
DHA) with 12-week dura-
tion of exposure. Woder-
ate amount of froshwater
fish intake can modified
platelet function. Concur-
rent 0.4 fish meal/week
control aroup was
present. Dropouts not ex-
plained; N:==13, 14, or 15
in Table 2. Design doesn’t
allow conciusions about
omega-3 falty acid specif-
ic effects.

Hyperlipidemia of hermodia-

tysis patients received 6
g/d of MaxEPA for 1 mo
had beneficial effect. The
investigator suggested
that long-term multicenter
studies are needed to
confirm the efficacy and
tolerance of FO. Design
doesn't allow ‘conclusions
about omega-3 fatty acid-
specific effects.

The control oil (Miglyol 812)

consists of TG of primari-
ly octancic acid and dec-
anoic acid. No fatty acid
composition of the controi
and the test diet was
given. The compliance of
the diet was not moni-
tored.

IDDM and NIDDM may re-

spond to omega-3 fatty
acids differentty. No dete-
rioratien of diabetes con-
trol. Long-term benefits/
toxicity not established.
Design doesn’t allow con-
clusions about omega-3
fatty acid-specific effects.

Normal diets, with < 1 fish

meai/week. Includes a
12-week washout, show-
ing return to baseline for
most variables. Compli-
ance indicated by plasma
phospholipids. Most of
the observed changes oc-
curred on the lowest
dose.

FO decreased BP varies in

different demographic and

- biochemical subgroups. in

this study, 32% -of ‘the
‘subjects did not decrease
‘BP, despite an increased
intake of EPA.
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TABLE 2.—OMEGA-3 FATTY ACIDS AND CORONARY HEART DISEASE: CLINICAL STuDIES—Continued
Reference L Design Duration Amacunt ‘ Subjects | Findings ; Comments
N 1
Borkman et al. 1989 | Randormized, 3 weeks i 10 g MaxEPA/d or 10 non-insulin i NS Chol, LDL, HDL; | TGs | Conirolied (diabetic} diet; 1
Diabetes 36:1969. doubte-blind, each. .10 g safflower oait, dependerit I for hypertriglyceriderics fasting glucose compara-
placebo with 3-weck diabetics. ')_ only; NS c-peptide, fast- ble on both oils.
controlled. washout between, ¢ ing insutin, insulin sensi- |
. T tivity. :

Bowies et al. 1991 Non-blinded 6 months....... . 2.8 g EPA in FO/d..... 120 vessels in 105 | NS v ristoric rates of res- : Nurnerous shortcomings, in-

Angiclogy 22:187. uncontrolied. : patiznts b tenosis. i cluding inclusion, exciu-
i undergoing sion  criteria, unblinded
| angioplasty. ! uncontrolied, poar compli-
i : ance.

Erown et al. 1920 Randomized 6 weekS........ t 5 g MaxEPA/d or 12 heaithy males ....... i i TGs, VLDL; NS Chol, | Uncontrolled waekend
American Journal crossover. I lean fish (0.2 g | LDL, HDL., HDLs. evening meals, otherwise
Clinical Nutrition I EPAj plus 5 g ‘ diet was controlled. Com-
52:825. MaxEPA. i pliance was measured by

i ! the level of EPA in RBC
! | The calorie intake of the
i ; ' contrel group (2968 Kcal)
; i was 10% more that the
| ! FO (2633 Kcal) group.

Brown and Roberts | Matched, single- 6 weeks........ 5 g FO v alive aif ... 11 healthy subjects : NS Choii ¢ TGs on FD, | Eruciation revealed greup to
1991 blind, placebo 4 on FO, 14 ¢ HDL on oive oil. alt. FO subjects, but none
Arteriosclercsis controlied. : controis. ! of controls. | post pran-
and Thrombosis. ; i dial fipemia in FO sub-

i i jects. FO not character-

! | ized. Compliance by RBC

! H fatty acids. Drop-cuts ac-
: counted.

Burr et al. 1969 The | Randomized, 2 years........... Fish advice (or 2033 men post ’ ! total deaths in fish | This is the only study to

Lancet ii:757. paraliel, multi- MaxEPA at 0.9 g heart attack. advice v other groups, at- date which assessed
center. EPA plus DHA/d) tributed to CHD death; effect of omega-3 fatty
v fat advice v NS second ML acids on CHD per se.
fiber advice. Design doasn’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.

Childs et al. 1990 Non-biinded muitiple | 3 weeks......... 4 diets w 36% fat 8 normolipidemic } TGs, VLDL, Chol, apoA-~{ | Daily energy intake varied
American Journal crossover. with EPA plus males. and apoA-ll on all fish (2550-3618 keal/d)
of Clinical DHA as: 0.2%, diets, LDL on all but the among individuals. Satu-
Nutrition 52:632. butter; 6.7%, pollack diet; HOL, | on rated fat diet was used as

poliack; 9.4%, poflack, t on salmon; positive control, no con-

tuna; 6.2%, HDLs on pollack, tuna. . current  polyunsaturated

salmon biend. fat control. The differen-

tial effects of poltack v

other fish may be due to

! ! its  higher ratio  of
i EPA:DHA.

Clark et al. 1989 Non-blinded 5 weeks.......;6gorigg 12 subjects with | TGs, VLDL; t HDL, t | All patients were’ receiving
Kidney uncontroiled. MaxEPA/d: systemic lupus i PGl; NS Chol PGL; | prednisone at doses rang-
International erythematosus. { platelet aggregation, ing from 10 mg on alter-
36:653. ' bloed viscosity, RBC flexi- nate days to 20 mg daily.

bility; NS platelet seroton- The resuits did not indi-

i in, serotonin reicase. cate an improvement in
|3 clinical outcome for pa-
i tients with lupus nephritis.

Cobiac et al. 1991 Matched, paraticl 5 weeks......... 4.5 g EPA plus DHA | 25 miidly NS Chol, LDL, apcB, agoA- week run-in on controlied
American Journal design. from salmon plus hypertenisive men. |, apoA-if, BP; | TGs, diet including fiquid sup-
of Clinical sardines in sitd oil VLDL; t HDL on both plement. Stratified by BP,
Nutrition 53:1210. v MaxEPA v paim, fish and FO | fibrinogen, TGs, Chol to matched

safflower olive oil TXB, 1 bleeding on fish groups; fish, FO or control
mix. only. (basaly diets. Fish diet
1 EPA:DHA was 1:2,
i ! MaxEPA is 2:1. The BP
H effects were comparable
i in the 3 treatments.
i Bleeding, fibrinogen and
! thrromboxane changes
occurred only on the fish
diet, suggest they are

EPA-specific effects.

Croset et al. 1990 Randomized, 2 months.....| 100 mg EPA/d as 8 healthy elderly NS Chot, TGs; | plateiet | Decrease in platelet aggre-
Thrombosis double-btlind, purified TG plus subjects, 8 aggregation; NS arachi- gation occurred on this
Research 57:1. placebo tocopherot v controls. donic acid metabclites; t very low dose (100 mg/

controlied trial.

|
!
B
|
H
!
t
|
i
!
j

vitamin E.

tocopherol ‘in platelcts;
NS fibrinolytic activity; |
systolic BP.

d), despite no change in
platelet or plasma EPA
concentration Purified
EPA containing TG as
uriique EPA source.
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TaBLE 2.—0OMEGA-3 FATTY ACIDS AND CORONARY HEART DISEASE:

Reterenca i

Dart et at. 1989
Atheroscloros:s

80:119.

DeCaterina 2t al
1990 Creulaton
§2:428

Dack and Radack
1989 Archives of |
Internal Med.cins
149:18357.

Dehmer et al. 1988
New England
Journal of
Medicine 319:733. i

Delany et al. 1890
American Journal
ef Clinical
Nutrition 52:477-
85S.

Demke et al. 1988
Atherosclerosis
70:73.

Emeis et al. 1989
Biocd 74:233.

Endres et al. 1989
New England
Journal of
Medicine 320:255.

Ernst 1989 Jourmnal
of Internal
Medicine
Supplement
225:129.

|
I

Doubiz-blind,
placebo
coantrotled
crossoves.

Hon-blinded

uncontrolied.

Randomized double-
blind placebo
controlied
crossover.

Rardomized non-
biinded.

fion-blinded,
matched by
serum cholesterol.

Randomized,
double-blind
piacebo
controlied.

Stratitied,
randomnized

Non-birss

(Al

araton

2 meonths L

|23 days. .

3 weeks_..

-

waak prior
kie]

angio-
plasty tor
6 months.
5 wesks

6 weeks........

6 wezks

6 weeks, 2
weeks
each of
06g
EPA, 1.2
g EPA
and 1.8 g
EPA
sequen-

tially.

Amount

20 mlL MaxiPA v
olive cil.

3guPAplus1g
DHA/d (PGE
tachnclogy, MA).

1 4.6 g EPA plus

DHA/J source not
specitied v olive
oil.

4 g EPA plus
CHA/d
(MaxEPA—}

5.

3 diets; basal; 5: or
20g FO
substituted for
margarins
(Sanomega).

4 5 g MaxEPA v

safflower oil
placebo.

Fish paste (1.7 g
EFPA plus 3 g
DHA) v meat
paste.

18 g MaxEPA

Neither the FO or
the placebe were
characterized.

Subjects
i
¢ 14 male and 7
female
i
© mic subjects.
i 13 males 2 femalas
i with coronary
. artery disease

hypertriglyceride-
mics.

82 mmale candidates
for angioplasty.

15 healthy male
cotlege siudents.

31
hypercholesterole-
mic subjects.

37 normal heaithy
males in fish
group, 39 in meat
group.

9 heaithy adults.........

20 healthy men

| NS Crol.

hypercholesterole- :

Findings

males 1t LDL and HDL
tor termnales NS LD, HDL

TGs: NS Chel, 1 PGl
i TXB.; platelet aggrega
tion ! bleeding.

TGs; ¢
LDL

, festencsisrates ... ! Concurrent use asginn

20 g FO
HDL, apoA-i,
both £O diets.

' Chol, LDL, HDL, HOL,;
NS TG, bieeding, TXB.;
no changes in placebo.

NS TPA, fibrinogen, ¢-reac-
tive protein, insulin, plas-
minogen activity; 1 PAI-1
activity.

interleukin 1, tumor ne-
crosis factor.

Reduced bicod viscosity at
4 and 6 weaks.

TGs, VLDL; for |

apoB8, HDL; NS !

i

TGs; NS Chol, * The trial was
apoB on .

CUNICAL STuDES—Continued

a M

Sex differences
SpONse apponrs

weight gain on
both men arii wornen

No placebo-traatad concur-
rent control group Assays
of fissues fro i

mented subje:
direct and indi
of omega-3 fa%ty s
of

production
function regu
Small sample 5
the ability 1 deten!
Hcahy signi
in LEL chot

AR

mg/p/d) and dipyrictam
{225 mg/p/d} in tha co:
ol and tesi grouvps

ducted m
heaithy malas consuming
a constant controlled diet.

implementation  of con-
trofled cdiet alone de-
creased s2rum TG, A fur-

ther reduction of serura
TG was cbserved in 26 g
FO

i The results of the experi-

ment questicn the benefit
of FO supplement to ths
hypercholesterolemic  pa-
tient It is one of tha few
studies reporting ingestion
of oil supplement has ad-
verse effects; indigestion,
diarrhea, headache ab-
dominal cramps, etc Die-
tary intake was not con-
trolied.

Design doesn’t altow con-
clusions about omega-3
fatty acid-specific effecis,
2-week run-in eon  the
meat diet. Corpliance
monitored by wrirary #thi-
um. t PAlis a rigk facior
{or reinfarction

inidal study group consisted
of 6 subjecis, three maore
parscns entered the study
six months fater Sincs the
results were similar the
data was pocizd. Mo con-
curient control, N dietury
controi and the mean calb
orie varied #rons 2000 w
3000 keai‘d. The FO
effect on the synthesis ¢f
iL~-1b continued 10~
after omega-3 fatly &
supplementation.

initial data demonsuating
comparability of ihe treat:
ment and control groups
not shown. Other dietary
contrels not used, and
values for e placekn
group were lower at 4
and 6 weeks, r:ut NS.
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TABLE 2.—OmEGA-3 FATTY ACiDs anD COrOnARY HEART Disease: Curicat. Stunies—Continued
Reference Desigr: Duration f Amuunt J Subiects Findings Commeris

Failor et af. 1988 Non-blinded 3 weeks Saturated fat v 4 famikal combined | | TG, anoA-1 in normals | Good experimental Cesgn.
Melabolism crossover, pareliel each w 3- saffiower v hyverlipidemics, 4 Fa combined hyper- Dietary. intake 3was fe-
37:1021. conpl group. week salmon (ard rormal controls. amig  TOs, corded and compliance

washnut, salmon oi}. was monitored by RBT
omega-3 faty acics
measurement. Smail n
may be the reason some
differences  wgre rol
found.

Fascling et al. 1991 | Non-biinded 2 Weeks 30 bl FO/¢ EPAX | 8 subjects with o TGs, Chol, LDL, apoB; | 1 kg gain (NS) iy 2 waels!
Diabetes 40:583. randosmnized, each with 5000, Fabrikker, impaired gluedse NS HDL, apoA-i; NS in- Suboptimai conol

crossover o no 3-week Oslo,6.3 g EPA . tolerance. sutien, bleod Doesn’t separate effecis

supplemant, washout. DHA, of omega-3 faitty acids
from other ¢ compo-
nents/cals.

Fisher et ai. 1930 Nor-biindsd 8 weeks,, ... 6 g EPA plus DAY/ 1 9 normad subjadis ... woe radicat | Dietary intake was not com-
American Journal uncontrofied. a, (30 mb cog trolled.  Design  doesn't
of Clinizal 3 tver oilh allow conclusions  about
Nutritior $1:804. omega-3 fatty acid-specit-

ic effects. The potential
mechanisms of foam cefl
formation and is reiatior-
ship with omega-3 fatty
acids were discussed.

Fiaten et al. 1990 Nor+-blinded € woeks......| 14 g FO (7.7 g EPA | 64 healthy males ... ¢ TGs, NS Chol; | HDL, | Olive oit was the concurrns
American Journal randomizad, plus DHA)/d HDL:;;, NS glucose; NS oit control group. Compti-
of Clinical {Fabrikkar, BP; 12% | fibrinagen; ance was checked by
Nutrition 52:300, Noreay) v olive NS gamma  glutamyl RBC total omega-3 faity

oil. transturase, monocyte acids composition. Caloria

Friday et af. 1989
Diabetes Carg
12:276.

Fiiday et at. 1921
Arteriosclerosis
and Thrombosis
11:47.

Fumeron et at. 1991
Ameiican. Journaé
of Clinicai
Nutifon £4:118.

Glauber ef al. 1989
Annuals of
fifernat Medicine
1082:863.

Grigg et al. 1989
Journal-of
American Collegs
Cardiology 13:665. |

Haglund et af. 1950
Journat of Internat
Medicing 227:347.

Hardarson et ai.
1983 Joumal of
Internal Madicine
226:23.

i
Harris et al, 1988a | Muitiple, sequential,

Journal of Lipid |
Rasearch 23:1451. ‘

Randomized, buttes-

Nor-biinded

Randornized,

ton-blinded

Noe-biinded

Norn-blinded
uncontrofied.

Randomized, non-
blinded, placebo-
controlted muitipts
treatment trial.

controlted.

uncornizolied.

double-biind
ptacebo-controbed,

uncontroliad,
partial crossover,

intervention,

ron-blinded
intervention,

B weeks ...

3 woeks
each with
3-weak
washouts.

3 wesks
each.

4 workg........

& months

304
weeks or
& months.

6 weeks ...

8 g £EPA plus DHA
methyt esters/d
{RES-Q1000}.

12 g EPA plus
DHA/d {saimon
oil} v sattiower oil.

6 g MoxEPA/D ...

18 g MaxEPAL ...

3.0 g EPA pius
DiHA/d from
MaxEPA v 30%
ofive oil, 50%
corn oif.

15 or 30 mt
ESKIMO-3
{Cardinova,
Sweden} soybean
oil placebo.

&0 mb cod lhvor O/
d.

24 g or 26 g EPA
pius DHA/d from
salmon olf Max

EPA raspectively.

8 nor-insuiin-
independent
diabetics.

G famiial
hyperchoiesiarola-
mics, 5 normal
controis.

36 normal, young,
healthy males.

6 males ingulin.
dependerit
diabetics.

undergoing
angioplastios.

3 subjects elther
hieahthy or with
coronary artory
disease.

18 maics

7 and 3 nosmal
subjects.

Comparat’a

LDL receptor activity,

| Chet, Tds, VLDL; NS |

LDL, HDL insudin, 4
Q08a.

giu-

results for FH
and normals, | TGs,
Chol, LD, HOL v butter
diet.

} TGs, VLDL-TG; NS Chol,
apoB, apoA-l, total HDL,
but | HDi., apoE, LDL;
| plataiet aggregation, |
PAL P& correlated o
LOL.

} TGs, 195 ohok NS in res-
fenass rate,

1 TGs, Choi | HOL |
B8P, fibrinogan in high
dose group; NS biesding.

§ TOs, VIDL
saturatad fat diet, but NS
v vegetabin off diey NG
HDL.

[ &5 Y

and major nutrient intake
were comparable for ie
control and test group.

No fatty acid composition
was given on the Marinc-
lipid concenirate (RES-Q
1000, & methyl ester of
EPA and DHA;j. Design
doesn’t allow conclusions
about omega-3 faity acid-
specific effects.

Precisely matched diets,
small numbers but far
changes in lipids. The n-3
content is quite high.

Amcng the few st
showing 1 HDL in nor
mais (v butter). The 1
PA} activity and LDL may
ofiset | piatelet aggrega-
tion and }{ HDL; regard-
ing net CHD risk,

Deterioration of NIDDM pa-
tienis” diabetic state by
FO supplement bui no
evidence of  adverse
effect by fish. Design
doesn’t alfow conclusions
about omega-J fatly anid-
specific eifects.

Rastenosis evaluatad by an
giography.

Daia 1or normval ang OHD
patients are pooled. Simi-
tarly, tables comparg re-
sults for each treatment
to poolad initiat values for
all subjacts,

Subjects weore an aversge
of 8§ days after onget of
symptoms. Various drugs
ware taken by the -pa-
tients. Dietary intake was
not controfled.

No wash out pariod be-
tween each test pericds.
tHigh amourt of omena-3
fatty asids.
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TABLE 2.—OMEGA-3 FATTY ACi)s AND Coroiiany HEART Dissase: CunicaL STusies—Continued
Reierence D 281N Curation l Amount : Subjects Findings Corvment%
i i 3

Harris et al. 1988p - Single-blina. 6 veeeks ... l 12 mil SuperEPA/d ¢ 11 ; TGs. 1 LDL. apoB: NS ! Plasma lipoprotein changes
Annals of internal . placebo i v satflower oil ! hypeririglycende- HOL ¢ chould be monitored and
Medicine 109:465 conirolied | | mics, 7 with ! ong-term effects should

i i hyperchoiesterole-  be evaiuaied.
; | | mia.

Harns et ai 1983¢c | Non-blinded & weeks 18 g MaxEPA or | 8 maie type 1V * O TGs: MS Chol, 1 LDL, | Methyl ester of EPA and
American Journal uncontrolied, each. i same amount of ’ hyperlipidemics apoS. DHA causes the same ef-
of Clinicat i crossover EPA and DHA | ¢ fects as TG-EPA and
Nulrition 48592 | trom SuperEPA. | . TG-DHA. This is a test

; i dor more concentrate
i : omega-3 fatty acids sup-
i ; plement.

Harms et al. 1930 Non-blinded 6 weoks......... 15, 25 or 40 mL i 10 . TGs on each, #ttle acddi- ¢ ngn deses confound  ef-
American Journal ;  uncontrolied. MaxEPA/d. ! hypertrigiyceride- tional effect at high' fects of increased caio-
of Clinical dose response ! mic subjects. doses. | VLDL; | Chol: ries. Cesign doesn't allow
Nutrition 51:338 | but no effect of high | conclusions about omega-

| doses; | LD, HDPL on: 3 fatty acid-specific ef-
: ' higher 2 doses. i fects.

Hostmark et al. | Randomized double- | 6 weeks 149 fF0O/d; 65¢ ! 64 males ages 35- fibrinogen 13% at 3, 6 Tn@ reduction in fibrinogen
1988 Batish blind placebo- plus 6 EPA .+ DHA f 40. weeks. i was iess at 6 weeks than
Medical Jeumal | controlled weeks. (Apothekernes ; i at 3 weeks. Longer-term
297:180 supplement Labs AS, Norway) | . studies are needed for

v ofive oil assessment of effects of
. chronic  consumption  of
; i omega-3 fatty acids.

Hughes et al. 1930 | Randomized, C days 5 g EPA plus DHA/ | 13 normaiand 15 | ¢ Chol. LDL, apoB in hy- i The hypertensives had 1
Atherosclerosis double-biind, each, with d {Promega), hypertensive pertensives only; NS TG, | apcB and | HDL and |
84:229 placebo-controlied 30-day wheat germ oil mates. BP. serum aﬁdrogens androgens v normals at

iwo way washouts. control. i piasma glucose, insulin, i baseline. Reductions in

crossover. . platelet aggregation ; TGs and VLDL were

. i nearly 50% in normais

i and 40% in hyperten-

I ; i sives, but did not reach

: ; :  statistical significance due
: § 10 large variations.

tnagaki and Harmis Non-randornized 4 weaks..... .. 6 g EPA plus DHA/ | 6 K : TGs, VLDL, apoC: NS, ! Usetul regarding mechanism
1930 uncontrolied. d {SuperEPA). i hypertriglyceride- ¢ LDL, apoA, apoE; 1 | of changes in lipoprotein
Atherosclerosis mics. i HDL, apoB. . levels, separated TG from
82:237. : ‘ . Chol and apoproteins.

Jensen et al. 1983 Randomized, B weeks..... ... 4.6 g EPA plus 14 males, 4 fernales :© NS Chol, HDL; } LDL; | } Concurrent olive oil contro!
New England double-biind DHA/d from a insulin-dependent :  VLDL, TGs; | BP.. i group was present Dietary
Journal of placebo-controlied water soluble cod diabetics. H | intake was not controlied.
Medicine crossover. fiver oil : i Eight weeks washout
321:1572. preparation v } i period was long enough

olive oil. ; i 1o restore the parameters
: i tested lo the pre supple-
! mentary ievel. No change
f ! in insulin or biood glu-
! : { cose.

Kasim et al. 1333 Non-blinded 8 weeks.... ... 1.6 g EPA plus 1.1 22 insulin- ‘ NS Chol. LDL, 4DL; ; Ail patenis received hypo-
Journal of Clinical jongitudinal. g DHA/d independent | apoB; | BP. i glycemic agents. Compili-
Endocrinology (MaxEPA). diabetics w/o i i ance was monitored by
Metabolism 87:1 hyperlipidemia. l i qguestionnaires and count-

! : l ing the FO capsules. No
: i ! plasma fatty acids com-
i ! ¢ positicn was analyzed.

Cestin et al. 1990 | Randomized. & weeks... ...] 3.4 g EPA plus DHA | 11 normotensive NS Chot, HDL; } DL, | | Concurrent linoleic  acid
American Journal ! double-blind, 3 (maxEPA), v i mildly TGs, VLDL. § .(omega-6) and linolenic
of Clinical i oils. safflower, finseed : hypercholesterole- i acid {omega-3) controi
Nuitrition 51:1028 oils. i mic males. | groups were present. Die-

.[ tary intake was contralted,
i i compliance was moni-
! ! ' iored by plasma fatty
: acids. Comparisons v
! baseline values, following
! i 3 week safflower oil run-in
| ! { HDL on linseed oil
:’ only. See Abbey &t al
J 1990

Happ anc Randomized, non- 4 weeks.. ...l 10 or 50 mL I 8 hypertensive . BP on high dose oniy ........; No tota calorie/d was given
FitzGerald 1589 blinded. MaxEPA v ! males in each of but one of the dose ievel
New England | safflower oil ofa | 4 groups. used in the study was
Journal of ! mixed vegetable ; ' 1 quite large (50 mL/d).
Viedicine i oil. i ! ! .

H i ' ¥

320:1037.
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Lehionen ot ab
1588 Gerontoio:;
5335

tempert ! al. 1368
American Journat
of Ricnay
Diveases 11170

Levine ¢f al. 1983
Archives of
intersiat Medicre
148;

Levinson et al. 1980
Amevican Joumna!
of Hyperisasion
3754,

Li and Steiner 199C
Blood 76:938.

Lox 1930a Generai
Pharmacalogy
21:241,

Lox 1880b Generat
Pharmacology
21:295.

Margoiin et al. 1991
American Journal
of Clinical
Nutritior: 53:562.

Mehta et al. 1968a
American Journal
of AMadicine B4:45,

iMeht a et al. 1988b
American Heart
Jowrnal 116:1201%.

! Nor-biirded
| unconirciied,

Randomizod,

1 Randomized,

TABLE 2.—OniEGA-3 FATTY ACIDS ArD CORONARY MEaaT Diseass: Cunical Srunies—Continued

COMpariscn
seocalaric dief.

rHon-bhnded,
vncontroiiac.

Rardomized double-
blind placebo-
controllec paraiel.

Nor-Ulinded parafiel...

Non-blinded
uncontrolied.

Ner-biinded
urcontrohod.

double-blind
CTOSSOVEr.

Randomized,
double-blind
placebo-controlied
Crossover.

double-blind
ptacebo-controlled
crossover.

L Buraticn

3 woeks .

A waeks
and 20
weeks
post-
suppie-
mertaon,

& weeke. .. ...

€ weeks..... ...

30 days.........

35 dayS ...

8 weeks.........

4 weeks.........

4 weeks.........

Amount

[a3
i1

L7010 80 mL
MaxERA G

50 mi Max<EPA v«
paim oif, corn of
i,

6 g EPA from

MaxEPA.

0.9 g EPA plus

0.8 g EPA plus

9 g FO (RES-

32gEPAZ2g
DHA/dD (MaxEPA}
v lecithin,

3.2gEPAZ2g
DHA/d (MaxEPA}
v lecithin.

41 stable die

20 ol cod ey off L

DHA/d (MaxEPA).

DHA/d (MaxEPA).

1000} v corn oil.

17 healthy goriaiic
patiznis.

patients,

iy, holestarole-
miz,

nypertrigh canido-
mic.

& hypertipns

€ hypertenzives..........

B novenal adutts

9 healthy males.......

43 heahhy famates,
with or without

oral contraceptive |

use, 13
menopatisa
females.

46 eiderly

hypentensive
subjects.

8 males w CHO £2-
73 yes.

8 maies w CHD 52~

73 yrs.

LoL, ¥G,

i Chot, VLD

apchk, HOL NS apoR

LDL NS HDL
piatelet survival;

i
NS pratelat aggregation.

} TG3;, NS Cnot, HDL, LDL
apof and zpoB;- | bleed-
ing; NS platelel aggrega-
tion; | Bp.

| platelst aggreaation, ad-
hesivenoss,

} Choh, LDL; RS TGs; ¢
HDL, t Ubleeding: NS
piatelet eygregation.

} Chol, { LDU in ron-ovat
contraceptive  ueers; |
TGs in orat contraceptive

usars,

ITGe; 1OLDL NS Chaf,
RDOL; | BR.

N3 Chot, HDL,
B, | neutrophit
on, chemataxis.,

The fat content of the is¢

caloric controi period s

not given. This is & very

large amournit of FO. The
majority of the patienis
discontinued the siudy
due io unpleasant taste
of the supplement oif
HDL found 20 we
after disvontinuation, tx
little other datz regarding
treatment/ condition
during the washowt. The
nature of the disease and
concurrent dialysis in this
population make i impos-
sibla to extrapolate to the
agenerat population.

All the patienis had forg
standing history of hype:-
lipidemia. No cohcurren?
oif  control  group.  Thig
study is one of the few
studies that found plassaa
TG did not change ahfier
omega-3 fatty acids in-
gestion (20 mi/d}).

One patient receiving FO
withdrew because of G}
discomfort. Because of
adverse efiects, the daily
dose of oil was reduced
by 20% and 25% in two
patients in the FO group,
and by 20% in one pa-
tient in the vegetablo oif
group.

Flegant siudy showing &n
effect on plateie! adhe-
siveness. Design doesn’t
allow conclusions about
omega-3 fatty acid-spocif-
ic effects.

{3asign doesn't allow cons-
clusions about omega-?
fatty acid-specific effects.

The difference between oral
contraceptive users angd
non-oral contraceplive
users may be imporiasd

inclusion BP was sysiolic
>160 or diastolic 99
Excellent design with 3
week wash out betwsen
the 8 week treatments.

Placebo not characterized
in this paper, identifiad
from companior: paper
{uee Mehta 1388, Ameri-
-can Heart Journal). There
was large variation of TG
level in the placebo
group.

Varicus parameters were
compared between CAD
patient and normal sub-
jects. Lecithin was th
concurrent controk.  Die-
tary intake was no! ron-
trolied.
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tfiller et al. 1963
Clinica Chimica
Asta 178:251.

Milner el &l. 1689
American Jourriai
of Cardiology
64294,

Maigaard et al.
19380
Atherosclerosis
81:1.

Mori et al. 1988
Clinical
Experimental
Pharmacology

Physiclogy 15:333. |

RMori et ai. 1989
Metabolism
38:404.

Nozaki et al. 1991
Americai Journal
of Clinical
Nutritiorr 53:638.

Radack et al. 1989
Annals of Internal
Medicine 111:757.

Radack et al. 199Ca
Journal of
Americar: College
Nutrition.

Radack et al. 1990b
American Journal
of Clinical
Nuitrition 51:599.

Reis et al. 1989 The
Lancet i177.

Reis ot al. 1930
American Journal
of Cardiology
66:1171.

TaBLE 2.—OMEGA-3 FATTY AD

Mutticenter,
randomized

double-blind

Non-blinded,
piaceto controf.

Non-blinded
uncentroiled.

control.

Non-biinded
uncontrotied.

Randomized double-
blind placebo-
controlled
supplement.

Randomized,
double-blind
crossover.

Randomized,
double-blind
placebo-controlied.

Randomized,
double-blind
placebo-controlled.

Randomized,
double-blind
placebo-controlied.

10 g MasEPA/G v

placebo-controiled. |

Fandomized. ..o

1 15 g MaxERA/D v

15 g MaxEPA/d

Non-blinded, paraliel 15 g MaxEPA/d v

20 g Promega/d

1.1 or 2.2 g EPA

specified) v olive

22o0r1.1gFO/d
from MciNeit, 41%
as n-3 fatty acids

€ g EPA pius DHA/

6 g EPA plus DHA/
d (SuperEPA or
Promega) v olive

miICs.

patents

3 type

enics.

10 insulin-

diabetics.

10 insulin-
deperdent mate
diabetics, 10
normal controls.

12 male
hypertriglycerid-
emics.

25 hypertipidemic,
disease free.

8

mics types lib or
v,

10,7 and 8
hypertriglycerid-
emics,
respectively.
204 patients for
coronary
angioptasty.

' 89 patients for

coronary
angioplasty.

hypertriglycerid-

84 post-angiopiasty

nyperlipeprotein-

dependent mate

hyper!épcproteiné-

ans CORONARY HEART Diseast: G

| orestEnos
NS by angicgraphy.

NS LDL, HDL, apoA-~L

continuation.

HDL.

PAI, bleeding.

doses of FO.

EPA group.

1 This is a multicenter 3

vy SYmGIems, |

1 Chol, TG, VLDL, apoB;

t Chol, LDL, HDL; | TGs..

t Chol, LDL, HDL, HDL. |
TGs among diabetics; NS
Cho!, LDL, HDL, HDL:
TGs among normals;
Chol, LDL and TG still dif-
ferent 6 weeks after dis-

| TGs, VLDL; 1 LDL; NS

1 fibrinogsn.......cvvivniennnn,

| fibiinogen comparably on
FO and com oil; NS TPA,

t LDL, | HDL; on 2.2 g/d
group, 1 apoB on both

NS effect on restenosis..........

| TGs; t LDL in Promega
group and hypertriglyceri-
demic subjects of Super-

Comments

study. tn the summr
section  the investiy:
reported minor Gl distt
ance in both groups
in the discussion sec
the author siaied tha!
g MaxtzPA/d was well
erated. Compliance
not manitored.

Al patiants received asg

and caicium  Dblcck
Amcrican Heart Asso
tion chase il diet. Des
doesn't aliow conclusk
about cmega-3 faity a
specific effects. Concc
tant us2 of other medi
ticns, reduction in sm
ing. Reocclusions rot
sessed by angiography

The Eurcpean Atheroscic

sis Society diet was r
ommended to the
tients. No complia
was monitored. Con
rent ofive oil con
group.

Design doesn’t allow ¢

clusions about omeg
fatty acid-specitic etfe

Comgliance by  plate

phospholipids fatty ac
and pifl count. Usual d
activity were to be me
tained.

No alcohol and isocal

controlled diet was us
in the protocol. Des
doesn't ailow conciusic
about omega-3 fatty ac
specific effects.

Excelient design. Com

ance was assessed
plasma fatty acid analy:

Excelient design; althou

the n was small,
mean values do not s
gest differences miss
due to small sample, t
is any difference beiwe
corn oil and FO sugge
ed.

Excellent design inciudes

week run in, AMA di
92% compliance, app
priate subjects fcr clain

a randomly select
subset of 42 patients (4
186), plasma PL was ar
lyzed. Higher Gl si
effect was significan
higher in FO group (48
than placebo group. P
cebo not characterized.

Cnty subset of patients h.

LDL separated by uiti
centrifugation.  Most
LDL chol levels were ¢
culated rather than me:
ured.
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s

Rillaarts et al. 1889
Diabetas 28:1412.

Schectman et al.
1988 Dizbetes
37:1567.

Schectman st al.
1983%a
Arteriosclerosis
9345,

Schectman et al.
19838b Annals of
Internal Medicine
110:346.

Schmidt et al.
1588a Artery
i5:316.

Schmidt et al.
1988b
Scandinavian
Journal of Clinical
and Laboratory
Investigations,
Suppl.

Schmidt et al.
198%a
Thrombosis and
Haemostasis
62:797.

Schmidt et al.
1989b Journal of
Internal Medicine
225 (Suppl 1):201.

Scrmidt et al. 1989¢
Atherosclerosss.

Design

Non-Blindoed,
uncontrolted.

Single-blind
crossover.

Singte-blind
Cressover,

Non-blinded
uncontrolied.

Non-blinded
randomized after
placebo.

Randomized,
double-biind,
placebo
controlied.

Non-blinded
uncontrolied.

Non-blinded
uncontrofied.

Non-blinced
uncontroiied.

TaBLE 2.—OMEGA-3 FATTY ACiDs AND CorenARY HEART DiSEASE: Cunvical Stupies—Continued

‘ Duration
P T

10 wecks

1 month...

1 month........

6 months .......

12 weeks.......

12 weexs.......

6 weeks

€ weeks

6 weeks

1400r7.5¢gEPA

5.3 g cod diver oil/d...

Anrount

1

|

|

2.7 g EPA pius |
DHA/d (MaxEPA). |

f

i

|

I

H
1
t
H
i

i
i
i
{

plus DHA
{(MaxEPA).

4.0 g/d EPA plus
DHA (MaxEPA)
for 1 month, 1-
month washout,
foilowed by 7.5 g/
d for 1 month v
saffiower 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
DHA/d v
vegetable oil.

4.8 g EPA plus
DHA/d (MaxEPA)
v vegetabie oil.

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

4 g EPA pius DHA/
d (Jahre. Norway).

Subjects

12 stable insulin-
dependent
diabetics

13 non-insulin
dependent
diabetics v
safflower oil.

18 hyper-
triglycariderriic
subjects.

16 hypertriglycerid-
emics (5 also
hypercholesterole-
mic); 6 noninsulin-
dependent
diabetics.

14 patients with
angina.

36 patients with
angina.

17 hyperlipidemics
(9 type lla, 8 type
tv.

10 insulin-
dependent
diabetics.

12 normal, healthy
males.

T

NS fibrinogen,

Findings

Comments

| TGs, VLDL; § HDL NS
LDL curing washout
TGs, VLDL,

i TGs, VILDL, NS Chol,
iDL, HDL; 1 apoB;
fasting glucose, | glu-
cose tolerarnice.

{ TGs; NS Chot, HDL,
apcA-I on beth  treat-
ments; N5 on control.

intially | TGs, but less
each month, by 6 months
only | 11%; worse glu-
cose tolerance, 1 glyco-
solated hemoglobin in
diabetics; 1 HDL on high
dose.

NS plasminogen, PAIL; 1 fi-
brinolysis.

NS antithrombin {ll, protein
C.

| TGs; NS Chol, LDL,
HDL; 1 apoB, | apoA-i;
t protein Cin type lla, |
type 1V;.

TPA, PA|,
platelet aggregation; {
neutrophil, NS monocyte
chemotaxis.

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

Dietary intake was con-
trolled, exchanging sun-
flower, corn or safflower
oil with omega-3 fatty
acids.  Calorie  intake
varied from 1800 to 2200
kcal, depend cn individual
needs. Approximately 5.6
g omega-6 fatty acids/d
was exchanged with 2.7 g
omega-3 fatty acids/d.

Subjects were on their usual
diet {(uncontroiled). Corn-
pliance was obtained by
capsule  counting.  in-
crease LDL chol and
apoB were not dependent
on amount of omega-3
fatty acids.

Significant body weight gair
on each treatment. Satu-
rated fat was held con-
stant.

Dietary intake was rot con-
trolied. Gl side effects
were considered and re-
ported. Design doesn't
allow conclusions about
omega-3 fatty acid-specif-
ic effects.

Concurrent  vegetable ol
control was used. No fatty
acid composition of con-
trot and test oil was
given. Uncentrotied use of
omega-3 fatty acids sup-
plementation in patients
with stable angina pecto-
ris was cautioned by the
investigator.

4-week run-in on vegetable
oil control.

Ne concurrent oif  control
group, uncontrolled die-
tary intake and large
amount of test oil. Dietary
compliance was not moni-
tored and Gl side effect
was not reported. Design
doesn’t allow conclusions
about omega-3 fatty acid-
specific effects.

Very few changes in this
popuiation; the chemo-
taxis results are difterent
than for normals. The
meaning of changed neu-
trophil chemotaxis is un-
clear. Design doesn’t
allow conclusions about
cmega-3 fatty acid-specif-
ic effects.

Usual diets throughout. The
lack of a control oil pre-
vents firm  conclusion
about the specificity of
the effect as due to
omega-3 fatty acids.
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‘ence

Schmidt ot 2. 1931
Arteriosclercsis
and Tr-ombcsis
11:422

Skeaff and Hoiuk
1538 Thrombosis
Research 51:105.

Silverman et al.
1991 Arzerican
Jeurral of Clinica!
Nutrition 53:1165.,

Simons et al. 1990
Augtrelia New
Zealand Journal
of Medicine
20:689.

Simonsen et al,
1988 Acta Medica
Scandinavica
223:491.

Smith et at. 1989
Thrombosis
Research 53:467.

Solomon et al. 1990
Currest Medical
Researchr Opinion
12:1.

Stacpooie et al.
1989 Metabolism
38:946.

Steiner et ai. 1989
Journai of
Hypertension 7
(suppt 3):873.

Subbaiah et ai.
1989
Atheroscierosis
79:157.

TABLE 2.—OMEGA-3 FATTY ACins AND CORCONARY HEART DISEASE: CLINICAL ETUDES—Continued

J Design

I

|

Tandomized, ncn-
blinded deose-
response.

Non-biinded v
washout.

Non-Glinded,
Crossover.

: Randomized. dcuble-
blind placebo-
controlled
Crossover.

Non-blinded,
uncontrafied.

Non-blinded,
uneontroifed.

Randomized double-
blind placebo-
controlled: paraliel
longitudinal,

i Non-blinded
uncontrolled, twa:
doses.

Randomized,
piacebe-conirchied
cregsover,
follewed by non-
biinded,
uncontrolied
phase.

. Nor-blinded
uncontrolied.

€ wacks Ggari3,dor2g
n-3 faity acids
(Fabrikker, Osio). |

1

|

i

i

|

|

Gweaks. . | 20 mL MaxGFA/G ...

2 individua! 6.16and 5.15 g
meals. EPA plus DHA

from FQ
(Promega) or
tuna, respectively.
' I
. 12 weeks....... | 2 0or 4 g EPA plus
' DHA/d HIMEGA
(ethyi esters) v
olive oil.

3 weeks.......... 20 mL cod liver oil,
about 5 g EPA
plus DHA.

4 weeks.........| 3.4 g EPA plus DHA
as ethyl esters
(K85, Norsk
Hydro).

- 3 months........; 2.8 g EPA, 2 g DHA
(MaxEPA] v oliver
oil.

6 monthe, 3 | 1.1,23,0r45g
months EPA plus DHA/
on 2 diefs. 1000 Kcal

(MaxEPA).

- 8 weeks 1.6 g EPA plus DHA
blind, 4 lind v salad oil,
weeks 3.2 g EPA plus
open. DHA non-blind.

30 days. 1 7.5 g EPA plus
DHA/d as
SuperEPA.

Amount

|
|

Sutiects

17 hyperlipidemics
and 10 healthiy
Len.

10 normal, healtty
males.

13

hypertriglyceride-
mics and 9
hypercholesterole-
mics.

2 groups of 15
normal heaithy
males.

35 male and 5
female survivors
of myccardiat
infarction.

10 stable angina
patients.

21
hyperlipoproteine-
mics 6 diabetics,
6 normais.

23 hyperiensives,
including 10 with
hypertriglyceride-
mia or
hyperchclesterole-
mia.

14
hyperchciestercie-
mics w/G
hypertriglyceride-
mics.

8 normal males ...

| NS Chol, bleeding, TXA: 1

| TGs; NS HDL, blood glu-

NS @ngina......ooieerimmsereresiinens

In diabetics | TGs; { LDL;

i BP for seif-recorded and

, TGs, VLDL, LDL; ¢ HOU..

Fin

| monooyle chemolaxis in
afl, | neutrophil in type
riot

fla snd W normals,
type iV on 1.3 g/d.

| platetet gggregation to
ene of four agonists; NS
bleedirg, membrane
omegz-3 fatty acids,

1 TGs; HDL, and (p <
0.06) Chot;
apoA-1, 2po3.

HDL in the population
with low fish: consumptior.

cose, PAL; 1 Chol, LDL,
bleeding, fibrinogen.

NS Chal, HOL; TG and
LDL changes show dose-
response; Glycemic con-
trol worse in 4 insulin-de-
pendent diabetics; in con-
trols | TG, VLDL; NS
Chol.

casusai cliric-recorded; NS
prostacyclin, thromboxane.

NS LDL, |

Commerts

Virtually ali the effect is w
the lowest dose. Thie a
thors  interpret  tiiis
mean  the ellect w
probably not due t¢ pol
unsaturatad fally acia
but a polyunsatarale
fatty acid control wou
fave allowsd a strong
CONCILSION.
methodclogy &nd protec
for bicchemical! mech
nisr of action of omega
fatty acids on piateh
functicn. Design doesr
adow cenclusions  abo:
omsga-3 fatty acid-speci
ic effects.

The study was undertake
primarily to measure al
sorption of omega-3 fat
acids from FO v fish EP
absorption from fish ws
about 3 foid greater tha
from FO, but there wa
no difierence in DHA at
sorption rate.

Himega is ethyl ester prepe
ration of FO fatty acid
The study shows compz
rable results for the nex
and traditiona! FO.

There was an alternate o
control.

>

Points out interaction ¢
omega-3 fatty acids witi
anticoagulants.

' Concurrent olive oil contrc

was used. The subjec
number (5/group) was toc
smail. Subjects kept thei
usual diet and life-style
Compliance was  as
sessed by RBC-PL fath
acid analysis. No side ef
fects were reported.

Two kinds (MaxEFA or Su

perEPA) of omega-3 fath
acids test materials were
used. Compliance was
monitored by monthly vis.
iting the clinic and evalu-
ated by a physician and
dietitian rather than
plasma fatty acids com-
position Americany Hearl
Association phase i diet
was used as basal diet.

Considerable systematic dif-

ference beiween self-re-
portad and chinic-reportad
BP data suggests signifi-
cant patient bias, dztecta-
ble by fish-smeil beiching.
Quantitative data not pre-
sented, making compari-
son with other BP studies
difficult.

Patients on American Heart

Association phase | diet
for at least 3 mo before
entering the study and
continve the same diet
during the test period.
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TABLE 2.—0OMEGA-3 FATTY ACIDS AND CORNNARY HEART DISEASE: CLiNicAL STUDES—Continued

Relerence

Sweny et al. 1889
Nephrology
Dialysis
Transplantation
4:1070.

Takimoto €t al. 1989
Thrombosis
Fesearch 54:573.

Urakaze et al. 1989
Nephien 53:102.

Vacek et al. 1989
Biomedicine &nd
Pharmacothera-
peutics 43:375.

Valdini et al. 1990
Journal cf Family
Practice 30:55.

van Houwelingen et
al. 1950 Amarican
Journal of Clinical
Nutrition 51:393.

Vessby and Boberg
1990 Journal of
Internal Medicine
228:165.

Wabhlgvist et al.
1988 The Lancet
ii:944.

Weintraub et al.
1988 Journal of
Ciinical
Investigation
82:1884

Witt et al. 989
Annals of Internal
Aedicine 111:900.

; Design

Non-blinded
uncontrolied.

Non-blinded
uncontrolied,
partial crossover.

Non-blinded
uncontrolled,
controlted for
ciclosporin.

Double-blind
placebo-cortrolled
crossover.

Randomized,
doubte-blind,
placebo-controlied
crossover.

Multicenter,
matched controls
by TGs and blocd
pressure.

Randomized double-
blind placebo
controlled
Crossover.

Non-blinded
uncontrolled.

Non-blinded
uncontrolled.

Randomized,
double-blind
placebo-controtled
crossover,

i Dura

Amount

6 months....... ‘ 60 mg EPA plus

' DIHA/kg
(MaxEPA).

|

|

30 days.......... | 20 mL MaxVita 5.6
g EPA 2.6 g DHA.

6 months ....... 15gEPACT g

! DHA/d (source
not specified).

6 weeks......... 8 g EPA plus DHA
from (MaxEPA) v
1:1 palm:
cottonseed oil.

12 weeks 1.8 g EPA plus

each. DHA/d (MaxEPA)
v olive oil.

6 weeks.........| mackerel (4.7 g
EPA +DHA) or
meat paste.

8 weeks.........| 10 g MaxEPA v
olive oil.

7 day diet 100 g fish/week.........

records.

25 days.......... 3 diets; saturated
fat; safflower oil;
FO at 30% of fat.

12 weeks 20 g MaxEPA v

each with safflower oil.
4-week
washout.
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i Subjects

14 adult transplant
recipicnts.

14 normal healthy
subjects, 4 were

mic and
hyperipidemic.

14 renal allograft

} patients.

8 CHD patients...

25
hypercholesterole-
mics.

84 healthy males

14 non-insulin
dependent
diabetics.

31 healthy 22 non-
insulin-dependent
diabetics.

8 healthy
normolipidemic
majes.

38 males w
hypercholesterole-
mia,

hypercholesterole- |

i
|
i
|
|
i
i
|

|
i

|
¥
|
|
|
|

{ Tgs, HDL: NS Chot........_ ..

1 RBC fiiterability, prevent-

|

{ TGs; NS Chol, LDL, HDL ..

| NS Crol, LDL; | TGs at 3

both oils |

!

i

ed 1 in platelet aggrega-
tion in controls.

TGs; NS Chol,
HDL; NS angine.

DL,

and 6 wecks; at 6 weeks
apoB v meat paste;
NS v initial on meat paste.
VLDL, Chol,
apoA-li; MaxEPA also |
TGs, BP, but NS between
treatments; HbA,., glu-
cose disappearance 1
on MaxEPA, | on olive
oif.
arterial compliance in
fish group; | postenor
tibial artery resistance in
healthy subjects.

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

TGs; 1 LDL; NS Zhol
HOL, apoA, apoB. ]

Comments

No corcurrent oit conlrol

group, uncontrolied die-
tary intake except dietary
protein intake was kept
constant. Compliance was
not monitored and Gl side
effect was not reported.
Antihypertensive and im-
munosuppressive  drugs
were administered.

There was no side effect cr
Gl disturbance was re-
ported when 20 mL con-
trcl or test oil vas taken
in a single dose. Wheat
germ oil containing alpha
finolenic acid was used as
coritrol cil.

Non specified sardine oil
concentrate was used.
Food intake was not mon-
itored during the study but
EPA content in RBC was
measured for compliance.
Antihypertensive and im-
munosuppressive  drugs
were administered.

The control was a mixture
of palm and cottonseek
oils. No fatty acid compo-
siton was given of this
control oil. Dietary intake
was not controlled.

Usual diets, small but practi-
cal dose; some patients
were on lipid altering
medication concurrently.

Excellent design, includes 2
week run in; doesn't dis-
tinguish fish from n-3 fatty
acids, large amt of n-3s.

Indicates potential adverse
effect on glucose by
omega-3 fatty acids.

Very small amount of fish

(rather than FO supple-
ment) was used in this
study. Fish 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 acids
was given in the study.

The fat content (42%) of

the diet was too high but
the study design using
two controls, saturated fat
and omega-6 fatty acids
was good.

Patients were on American
Heart Association step
one low cholesterol, low
sat fat diet and large
amount of FO (20 g/p/d)
was used. No Gl side
effect was reported. Com-
pliance was monitored by
blinded pill count and
questionnaire rather than
plasma lipid analysis.
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TABLE 2.—OMEGA-3 FATTY ACIDS AND CORONARY HEART DiSEASE: CumnicaL STupies—Continued

Refererice ‘ Pesign I Duration
Zucker et al. 1988 Randomized, 6 weeks ... .
Artherosclercsis crossover.

73:13.

! Amount Subjects |

i. 0 VU U SUQ g OO G

)

ls2gepaz2g 9 normai. 16 ]
DHA (MaxEPA) v hyperlipoproteine-
safflower oil. mics.

type 1V hypeslipoproteine-
mics; NS Chal, TG, LDL,
HDL among norma's. !

Comments

Findings ]I'

Safflower il was usad
controi  oit. The stw
design was double bilir
but many of the subjec
reported  identitying 1t
FO by its characteris!
aitertaste. This is cne
the very few articla r
ported FQO aftertaste in
doubie biind study.

TGs, VLDL, ¢ LD in

Abbreviations used: NS, not stafistically signiticantly cdifferent; Chol, cholesteral; VLDL, very low-density lipopriein cholestesol; LDL, tow-density fipoprote
cholesterol; HDL, high-density lipoprotein cholestercl, TGs, triglycerides; apcA, apoprotein A (a protein in high-density lipoprtoein); apod; apoprotein B (a protein
low-density lipoproteir); apoE, apoprotein E (a protein in many lipoproteins, most notably ViDL and HDL; CHD, coronary heart disease; FO, fish ol TX
thrombaoxane; TPA, tissue plasminogen activator; PAIL, plasminogen activater inhibitor; v, versus; /d per day.
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[Docket No. 91N-0094]

RIN C3G5--AB67

Food Labeling: Health Ciaims; Calcium
and Osteoporosis

AGENCY: Food and Drug Administration,
HHS.
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 188 milligrams {mg) in an
assimilable form.

DATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this propcsal 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 (HF A~
305}, Food and Drug Administration, rm.
1-23, 12420 Parklawn Dr., Rockville, MD
20857.

FOR FURTHER INFORMATICN CONTACT:
Mona S. Calvo, Center for Food Safety
and Applied Nutrition (HFF-265), Food
and Drug Administration, 200 C St. SW,,
Washington, DC 20204, 202—485-9564.

SUPFLEMENTARY INFORMATIOR:
1. Background

A. The Nutrition Labeling and
Education Act of 1990

On November 8, 1990, the President
signed into law the Nutrition Labeling
and Education Act of 1990 (Pub L. 101-
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 foeds.
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)(1)(B) of the act (21 U.S.C.
343(r)(1)(B).

Published elsewhere in this issue of
the Federal Register is & 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 as 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 isg
significant scientific agreement among
experts qualified by scientific training
and experience to evaluate sach claims,

that the claim is supported by such
evidence.

The 1990 amendments also require
(section 3(b)(1)(a)(ii), (b}{1}(A)(vi), and
{b)(1)(A){x)) that, within 12 months of
their enactment, the Secretary shali
issue proposed regulations to implemen
section 483(r) of the act (21 U.S.C.
343(r)}, and that such regulations shail
determine, among other things, whether
claims respecting 10 topic areas,
including caleium 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 preducts, 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 disezse or health
condition.

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





