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The Effect of Dietary Omega-3 Fatty
Acids on Coronary Atherosclerosis

A Randomized, Double-Blind, Placebo-
Controlled Trial
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Clemens von Schacky, MD; Peter Angerer, MD; Wolfgang
Kothny, MD; Karl Theisen, MD; and Harald Mudra, MD

Background: Epidemiologic studies, studies of
mechanisms of action, and many animal studies indicate
that dietary intake of omega-3 fatty acids has
antiatherosclerotic potential. Few trials in humans have
examined this potential.

Objective: To determine the effect of dietary intake of

omega-3 fatty acids on the course of coronary artery -
atherosclerosis in humans.

Design: Randomized, double-blind, placebo-controlled,
clinically controlled tna]

Settmg: University preventive cardiology unit.

Patients: 223 patients with angiographically iamven
coronary artery disease.

Intervention: Fish oil concentrate (55% eicosapentaenoic
and docosahexaenoic acids) or a placebo with a fatty acid
composition resembling that of the average European diet,
6 g/d for 3 months and then 3 g/d for 21 months.

Measurements: The results of standardized coronary
angiography, done before and after 2 years of treatment,
were evaluated by an expert panel (primary end point) and
by quantitative coronary angiography. Patients were
followed for clinical and laboratory status.

Results: Pairs of angiograms (one taken at baseline and
one taken at 2 years) were evaluated for 80 of 112 placebo
recipients and 82 of 111 fish oil recipients. At the end of
treatment, 48 coronary segments in the placebo group
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showed changes (36 showed mild progression, 5 showed -
moderate progression, and 7 showed mild regression) and
55 coronary segments in the fish oil group showed changes
(35 showed mild progression, 4 showed moderate
progression, 14 showed mild regression, and 2 showed
moderate regression) (P = 0.041). Loss in minimal luminal
diameter, as assessed by quantitative coronary
angiography, was somewhat less in the fish oil group (P >
0.1). Fish oil recipients had fewer cardiovascular events (P
= 0.10); other clinical variables did not differ between the
study groups. Low-density lipoprotein cholesterol levels
tended to be greater in the fish oil group.

Conclusion: Dietary intake of omega-3 fatty acids
modestly mitigates the course of coronary atherosclerosis
in humans.

Ann Intern Med.1999;130:554-562. Annals of Internal
Medicine is published twice monthly and copyrighted ©
1999 by the American College of Physicians-American
Society of Internal Medicine.

rom the University of Munich, Munich, Germany. For
licurrent author addresses, see end of text.

Ingestion of fish or other sources of omega-3 fatty acids
has been called a comprehensive strategy toward the
prevention of atherosclerosis (1). Hundreds of
epidemiologic studies, studies of mechanisms of action,
and studies in experimental animals have shown that
dietary intake of omega-3 fatty acids has
antiatherosclerotic potential (1-9).

However, few clinical trials have shown that omega-3 fatty
acids have cardiovascular benefit in humans. The Diet and
Reinfarction Trial (DART) (10) showed a 29% reduction
in overall mortality rates in survivors of a first myocardial
infarction who consumed fish rich in omega-3 fatty acids
at least twice weekly for 2 years. Dietary omega-3 fatty
acids do not prevent restenosis after percutaneous coronary
angioplasty (11-13). One study (14) showed that fewer
aortocoronary venous bypass grafts were occluded after
ingestion of a fish oil concentrafe, 4 g/d, for 1 year. Dietary
intake of omega-3 fatty acids or olive oil, 6 g/d, did not
affect the course of coronary atherosclerosis in another
study totaling 59 patients (15).

To test the hypothesis that consuming omega-3 fatty acids
for 2 years leads to less progression and more regression of .
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coronary atherosclerosis, as assessed by coronary
angiography, we conducted a randomized, double-blind,’
placebo-controlled study in patients with coronary
atherosclerosis.

Methods
Patients

Patients who were hospitalized for diagnostic coronary
angiography at our institution between 1 September 1992
and 19 May 1994 were asked to participate in our study if
they fulfilled the entry criteria: 1) stenosis greater than
20% in at least one vessel and 2) revascularization
(percutaneous transluminal coronary angioplasty [PTCA]
or coronary bypass surgery) planned or performed in the
previous 6 months in no more than one vessel. Exclusion
criteria were history of cardiac transplantation, age younger
than 18 years or older than 75 years, hemodynamically
relevant left main stenosis or proximal stenosis in all three
main vessels, biplane left ventricular ejection fraction less
than 35%, ventricular tachycardias (greater than or equal to
3 QRS complexes), hemodynamically relevant cardiac

- valve disease, a prognosis severely limited by noncardiac

disease, bleeding tendency (for example, due to

~ - thrombocytopenia or-anticoagulation), diabetes, or other

evidence of increased risk. Patients were not asked to
participate if they were participating in another study, had
psychiatric disease, had a history of noncompliance, lived
too far away, had an initial coronary angiogram of poor

~ quality, or had a history of allergic reaction to contrast

material.

Patients who agreed to participate gave written, informed
consent that included consent for follow-up coronary
angiography. One of the authors determined clinical status
and decided whether to include patients in the study. Case
report forms were filled out with data on predefined
criteria relevant to history and clinical examination. A
laboratory blood work-up (which included investigation of
38 routine variables plus erythrocyte phospholipid fatty
acid composition), resting electrocardiography, and '
exercise stress test were done.

Overweight patients (body mass index >25 kg/m?) were
advised to restrict caloric intake, and all patients were
advised to avoid eating cholesterol-rich foods; no other
dietary advice was given.
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Our study was approved by the Ethics Committee of the

~ Faculty of Medicine of the Ludwig Maximilians-
University of Munich and was conducted according to the
Good Clinical Practice Guidelines of the European

- Community. These guidelines require, among an
exhaustive list of prerequisites, that studies be monitored
regularly by external personnel.

Study Design

This Study on Prevention of Coronary Atherosclerosis by
Intervention with Marine Omega-3 fatty acids (SCIMO)
was a randomized, double-blind, stratified, single-center
trial. It was designed to compare the effect of placebo with
that of fish oil concentrate on changes on coronary
angiography at 2 years, as assessed by an expert panel (the
predefined primary end point) according to intention-to-
treat principles. Predefined secondary end points were
assessment of these changes with quantitative coronary
angiography and cardiovascular events.

Before randomization, patients were stratified according to
three criteria: 1) PTCA done less than 6 months before
randomization, 2) current therapy with a lipid-lowering
agent, and 3) the presence of more than two of four risk
factors—a low-density lipoprotein (LDL) cholesterol level
greater than 3.88 mmoV/L (150 mg/dL), current smoking,
history of myocardial infarction in a first-degree relative
yourger than 60 years of age, and hypertension. For the
resulting nine strata, a random sequence of study group
assignments was computer-generated by the trial monitor
in Norway. Strata were balanced every four patients and
numbered consecutively. Each patient received the next
consecutive number in his or her stratum. For each
number, an envelope containing the randomization result-
was prepared and sealed by the monitor in Norway. In
Munich, these sealed envelopes (the only location of the
study group assignments) were kept accessible for safety,
but no seals were broken. All patients and personnel were
blinded to study group assignments. To ensure blindness;
patients were told that the capsules differed in composition
but not in taste. At the end of the study, patients were .
asked what they thought the capsules contained.

Interventions and Measurements

The placebo capsules and the fish oil capsules looked
identical and were made of opaque soft gelatin, and each
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contained 1 g of a fatty acid mixture. The fatty acid
mixture in the placebo capsules was 26.0% C16:0,4.6%
C18:0, 35.8% C18:1omega-9,.16.7% C18:2omega-6, 2.1%
C18:3omega-3, 0% C20:4omega-6, and 14.8% other
compounds and contained no marine omega-3 fatty acids;
this reflects the fatty acid composition of the average

" European diet (16). The fatty acid mixture in the fish oil

capsules was 0.9% C16:0, 6.0% C18:0, 4.5% C18:1omega-
9, 0% C18:2omega-6, 0.6% C18:3omega-3, 1.4%

C20:4omega-6, 35.4% C20:Somega-3, 9.7% C22:50mega-
3, 21.5% C22:60mega-3, and 20.0% other compounds. The

peroxide values were 0.5 in the placebo capsules and 0.6 in .

the fish oil capsules. All capsules contained 4 mg of
tocopherol-alpha as an antioxidant. Identical screw-top
plastic containers each contained 90 capsules. The trial
monitor in Norway labeled each container with identical
information plus a unique randomization number. In the
first 3 months of the study, six capsules per day were
recommended; in the next 21 months, three capsules per
day were recommended.

Patients were seen as outpatients at months 1, 6, 12, and
18. At each visit, a history was taken, clinical status was
evaluated, and a laboratory work-up (including
measurement of erythrocyte phospholipid fatty acid

. .composition) was done. At month 24, all investigations
-were repeated; including coronary angiography (done

during a 2-day hospital stay). At months 0 and 24, but not
at months 1, 6, 12, and 18, blood was taken from patients
after an overnight fast. Levels of LDL cholesterol were
calculated according to the Friedewald formula from
measurements obtained in an automated Hitachi 917 or
717 serum analyzer (Boehringer Mannheim, Germany).

Coronary angiography with highly standardized
angulations was done as described elsewhere (17, 18) and
included at least three biplane projections, identically
repeated dunng follow-up angiography. Nitroglycerin, 0. 8
mg; was given sublingually for maximal dllatatlon at the
start of the procedure.

An expert panel of three experienced invasive .
cardiologists, who were blinded to all aspects of
randomization (such as the temporal order of films) and all
patient characteristics (such as name or randomization
status), simultaneously assessed changes on coronary .
angiograms. The same three experts evaluated all pairs of
films. Pairs of films (one film taken at baseline and one
taken at 2 years) were randomly assigned to two 35-mm

hﬁpd/www.asim.orgf;ourhals/annals/%apr99/omega3 htm

00-05-17



- . . e e - A sgwv vowr L/

angiographic projectors projecting in parallel.

_ Ventriculograms were not reviewed. If PTCA had been

done in one of the three coronary vessels in the 6 months
before the start of the study or during the study period, the
vessel—but not the patient—was excluded from primary
analysis (19). Frames in identical angulations were:
compared in end-diastole. Lesions were identified and
were then sought on the corresponding segment on the
other film in the pair. With methods described elsewhere
(20), angiographically detectable changes on one film were
graded relative to the other film in the pair on a scale from
-3 to +3. On this scale, 0 indicates no difference, 1
indicates a definitely discernible but small difference, 2
indicates an intermediate difference, and 3 indicates an
extreme difference. This score was applied to global
assessment of the pairs as well as to each segment of the
coronary tree (primary end point). A moderator (who was
blinded like the members of the expert panel) documented
the results of the expert panel sessions, which were
obtained after all three experts had agreed on the results.
Agreement was always reached, sometimes after a short
discussion. After an expert panel session, the moderator
(but not the experts) was unblinded only to the sequence of -
films just evaluated. This was done to minimize errors.

- This information was added to the document generated at

each session.

Quantitative coronary angiography was done with two
Arripro projectors coupled with a Qansad system, version
V3.2, with periodic updates (ARRI, Munich, Germany).
This system is equivalent to other second-generation
systems (21). Pairs of angiograms on which at least one .
change in a coronary segment was identified by the expert
panel were analyzed according to the system manual and
current algorithms (17, 18).

Cardiovascular events were predefined as sudden death,
fatal or nonfatal myocardial infarction, congestive heart
failure, and neurologic deficits (ischemic or hemorrhagic)
according to World Health Organization definitions.
Coronary bypass surgery was a predefined study end point.

Compliance was assessed by interrogation, by counting of
returned capsules, and by analysis of erythrocyte
phospholipid fatty acid composition. The latter reflects

. dietary fatty acid composition (4, 22, 23) and was analyzed

as described elsewhere (7, 22). Analyses that showed
arachidonic acid values less than 10% or greater than 17%
were considered analytic failures and were deleted.
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Study size was estimated on the basis of the study’s
primary end point: a change in severity of coronary artery
‘ ' - disease, as assessed by an expert panel on a scale from -3
to +3 (24). We anticipated a difference in the change in .
this score of 0.5 between the two study groups. On the
basis of an a value of 5%, a b value of 10%, an anticipated
dropout rate of 33%, and the Wilcoxon rank-sum test, it
was deemed necessary to have 97 patients per group. In
total, 223 patients were recruited to make up for an
anticipated additional 10% of patients declining follow-up

coronary angiography.

Data were entered into the study computers at two separate
times (Data Entry, SPSS, Inc., Chicago, 1llinois) and were
verified. A copy of all relevant data was deposited with the
trial monitor in Norway. After confirmation of receipt, the
randomization code was broken and the data were
processed on a Power Macintosh 7600/120 (Apple,
Cupertino, California) using SPSS software, version 6.0.
The paired Student r-test, the unpaired Student z-test, the
chi-square test, and the Wilcoxon rank-sum test were used
as predefined.

‘ Stratified Analysis

Because of sparse data and zero cells, we used two types of
nonparametric permutation tests for stratified analyses
(StatExact software, version 2.11, Cytel Corp., Boston,
Massachusetts) after collapsing the two strata defined by
PTCA. Thus, four strata remained. The first permutation
test examines whether there is heterogeneity within strata,
and it combines stratum-specific results into an overall test
result. In the second permutation test, a linear trend was
assumed from the original scores: -2,-1,0, 1,2 coded as 1,
2, 3, 4, 5 (change per patient) or-2,-1, 1,2 coded as 1, 2,
3, 4 (change per segment).

Role of the Funding Source

- The authors collected, analyzed, and interpreted the data.’
No funding source had a role in these activities or in the
decision to submit the study results for publication.

Results

. From 1 September 1992 to 19 May 1994, 2284 consecutive -
: patients had diagnostic coronary angiography at our
institution. Of these 2284 patients, 112 were randomly

- htto://www.asim.org/iournals/annals/06apr99/omega3 htm ) - 00.05-17
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assigned to receive fish oil and 111 were randomly -
assigned to receive placebo (Figure). The two study groups
were similar at baseline and at month 24 in all variables
assessed (Table 1).

Predefined end points were met by 8 patients in the
placebo group and 4 patients in the fish oil group. In the
placebo group, 1 patient died of a myocardial infarction, 1
died of other causes (a fall down a flight of stairs), 3 had"
coronary bypass surgery, and 3 developed another severe-
disease (1 had bronchial carcinoma, 1 had biliary
pancreatitis, and 1 had a spinal fracture that required
protracted inpatient care). In the fish oil group, 1 patient
died of other causes (as a passenger in a car accident), 1
had coronary bypass surgery, and 2 developed another
severe disease (1 had a gastric carcinoma, and 1 had
dementia). Three patients in the placebo group and 4 in the

~ fish oil group reported mild gastrointestinal discomfort and

withdrew from the study. Fifteen patients in the placebo

- group and 14 in the fish oil group left the study early. Six

patients in the placebo group and 7 in the fish oil group
declined to undergo the second episode of coronary

-angiography but were available for clinical follow-up at 2

years. Thus, coronary angiography was done at month 24
in 162 patients (Figure; Table 1, Table 2, and Table 3).

Primary End Point

The expert panel evaluated 162 pairs of films. Of 80 pairs
in the placebo group, 35 were considered changed in global
score; of 82 pairs in the fish oil group, 35 were considered
changed in global score (Table 2). One pair in each group
was considered unchanged in global score because
progression and regression were balanced. Coronary
segments in the fish oil group showed less progression and
more regression than did coronary segments in the placebo
group if they were analyzed according to intention-to-treat
principles (P = 0.041) (Table 2). The P values obtained by

stratified analysis were equivalent to those shown in Table
2. .

Other Analyses by the Expert Panel

A similar result was obtained by limiting the analysis to
angiographic changes in compliant patients (P = 0.039 for
clinical efficacy) (Table 2). An extended analysis by the
expert panel included vessels but not segments treated with
PTCA. Of 51 pairs of films with angiographic changes in
the placebo group, 39 showed mild progression, 5 showed

http://www.asim.org/journals/annals/06apr99/omega3.htm
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moderate progression, and 7 showed mild regression. Of
59 pairs of films with angiographic changes in the fish oil
group, 36 showed mild progression, 4 showed moderate
progression, 17 showed mild regression, and 2 showed -
moderate regression (P = 0.015). When this extended
analysis was limited to compliant patients, of 47 pairs of
films with angiographic changes in the placebo group, 35
showed mild progression, 5 showed moderate progression,
and 7 showed mild regression. Of 54 pairs of films with
angiographic changes in the fish oil group, 31 showed mild
progression, 4 showed moderate progression, 17 showed
mild regression, and 2 showed moderate regression (P =
0.014). .

Secondary End Points

Quantitative coronary angiographic assessment of changes
on coronary angiography, as defined by the expert panel,
showed a mean loss (£SD) of minimal luminal diameter
per patient of 0.45 £ 0.8 mm in the 29 pairs of films in the
placebo group (P = 0.07) and of 0.38'+ 0.8 mm in the 29
analyzable pairs of films in the fish oil group (P =0.023)
(paired t-tests). Results of the unpaired #z-test showed no
significant differences between the groups. This form of
analysis, done per changed segment (34 segments in the

. placebo group and 39 segments in the fish oil group),

yielded similar results (data not shown).

Three patients in the placebo group and one in the fish oil

group had nonfatal myocardial infarction. Three patients in -

the placebo group had ischemic neurologic deficits; in the
fish oil group, one hemorrhagic event occurred with
subsequent minimal residual neurologic disability in an
inadequately treated hypertensive patient. Taken together,
clinical cardiovascular events such as myocardial

infarction (fatal and nonfatal) and stroke occurred in a total |

of seven patients in the placebo group and two in the fish
oil group (P = 0.10). One patient in the fish oil group had
coronary bypass surgery but decided to remain in the study.
Patients had PTCA in similar numbers in the two groups
(Table 3). Of note, PTCA was usually done in the first 6
months, and the decision to perform it was based on the
initial angiogram (Table 3). No significant differences
were seen in Canadian Cardiovascular Society class,
medication, or evidence of ischemia (on stress test or
scintigraphy) between the placebo group and the fish oil
group at the respective time points, except that less diuretic

"use was seén in the fish oil group at month 1 and more

digitalis use was seen in the fish oil group at month 24

http://www.asini.org/journals/anna]s/Oﬁapr99/omega3.hhn '

00-05-17



(this is probably explained by chance). Weight, blood
pressure, and total cholesterol levels remained constant in
both groups. Levels of LDL cholesterol were significantly
greater in the fish oil group at months 6, 18, and 24;
triglyceride levels were lower in the fish oil group at
months 1, 6, 12, and 18 but not at month 24. At months 1,
6, 12, and 18, few patients had fasted overnight before
blood was drawn.

Compliance

Patients reported a mean intake of 2284 + 313.1 capsules
during the study (2460 capsules were prescribed for each -
patient). Patients whose capsule count suggested ingestion
of more than 1658 capsules (a deviation lesser than or
equal to 2 SDs from the mean) were considered compliant.
Erythrocyte phospholipid fatty acid composition was
unaltered in the placebo group (data not shown). In the fish
oil group, from baseline to month 1, the proportion of the-
erythrocyte phospholipid fatty acid composition that was
eicosapentaenoic acid increased from 0.49% + 0.2% to
2.28% = 0.7%; the proportion of this composition that was

. docosapentaenoic acid increased from 1.25% £ 0.7% to
- 2.17% + 0.8%, and the proportion of this composition that

was docosahexaenoic acid increased from 2.86% + 1.1% to
4.77% + 1.5%. At month 24, further, almost linear,

- increases were evident: The mean proportion of this

composition that was eicosapentaenoic acid was 2.89% +
1.0%, the mean proportion that was docosapentaenoic acid
was 2.91% + 0.8%, and the mean proportion that was
docosahexaenoic acid was 6.00% + 1.2% (P < 0.05 for all
comparisons). Of patients who were considered compliant
according to capsule count, the mean percentage of
erythrocyte phospholipid fatty acid composition that was
eicosapentaenoic acid was calculated. Patients in whom
this percentage differed by more than 2 SDs from the mean
were considered noncompliant. Thus, six placebo
recipients and nine fish oil recipients were considered
noncompliant.

Safety

Three placebo recipients and four fish oil recipients’
reported mild gastrointestinal discomfort and withdrew
from the study. One patient in the fish oil group developed

~ amild prurigoform dermatosis (a slightly itching rash) with

a possible but unlikely causal relation to his study
medication. Minor hematoma, but no other complication;
was associated with the second episode of coronary.
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angiography; o

-Blinding

At the end of the study, 22 of the 90 patients in the fish oil
group thought that they had received fish oil, 5 thought that
they had received placebo, and 63 were undecided. Of the
85 patients in the placebo group, 10 thought that they had
received fish oil, 9 thought that they had received placebo,
and 66 were undecided (chi-square test; P = 0.06).

Discussion

In our study, patients with coronary artery disease who
ingested approximately 1.5 g of omega-3 fatty acids per
day for 2 years had less progression and more regression of
coronary artery disease on coronary angiography than did
comparable patients who ingested a placebo.

In previous studies, the angiographically assessed course of
coronary atherosclerosis has been mitigated by cholesterol-
lowering or LDL cholesterol-lowering therapy (24-27),
lifestyle changes designed to reduce risk factors (28, 29),

- and vigorous exercise (30). Although the previously
- reported percentages for progression and regression vary,

the magnitude of effect detected by our expert panel is
similar (26) (Table 2). The only other study of omega-3
fatty acids with a coronary angiographic end point has thus
far reported no effect (15). This difference may be
explained by the fact that we had a larger, more
homogeneous patient sample, used a different placebo, and
used a lower dose of omega-3 fatty acids.

Although SCIMO was not designed to assess clinical
outcome, its findings point to the possibility of
improvement (P = 0.10). The daily dose of omega-3 fatty
acids in SCIMO approximates the calculated daily dose of
omega-3 fatty acids in DART (10), which produced a 29% *
reduction in total mortality rates in the first 2 years aftera .
first myocardial infarction. Because the total number of
myocardial infarctions was not reduced by ingestion of
fish, the results of DART were interpreted as being caused |
by a reduction in sudden death (10). As an alternative, we -
suggest that less progression and more regression of
coronary artery disease, perhaps in conjunction with
improvements in coronary vasomotion (31), may result in
smaller, less deadly myocardial infarctions. Conversely,
the reduced total mortality rates seen in DART may have
been caused—at least in part—by omega-3 fatty acids.

http://www.asim.org/journals/annals/06apr99/omega3.htm
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In only one of two primary end points based on intention-

to-treat principles did the effect of dietary intake of omega-

3 fatty acids achieve statistical significance: in the
assessment per segment of the coronary vessel but not in
the global assessment of pairs of films by the expert panel
(Table 2). Quantitative coronary angiography done on
segments found to have changes (not a primary end point)
showed no significant difference. On the other hand, our
analysis of clinical efficacy (Table 2) and our extended
analysis (in which we increased the number of segments
analyzed by the expert panel by including vessels that
contained segments treated with PTCA [but -not the
segments themselves]) both showed a significant effect of
dietary intake of omega-3 fatty acids. Statistical corrections

. for multiple comparisons were not done. Our results

corroborate a wealth of data supporting an
antiatherosclerotic effect of omega-3 fatty acids (1-9, 22,
31). We feel justified in concluding that SCIMO showed a

modest, but discernible, effect of dietary intake of omega-3

fatty acids.

. In SCIMO, levels of LDL cholesterol exceeded current

guidelines published in July 1995 (Table 3) (32). We

.conducted SCIMO from September 1992 to May 1996.
..Levels of LDL cholesterol were, at times, significantly
~greater in the fish oil group than in the placebo group

(Table 3). On average, fish oil increases LDL cholesterol
levels by 4% in healthy persons and 7% in
hypertriglyceridemic patients (33). Unlike findings in all
other similar studies (26), this finding clearly implies.
mechanisms of action other than LDL cholesterol
lowering. We previously showed, in controlled volinteer -
studies, that dietary intake of omega-3 fatty acids decreases
gene expression for growth factors thought to play a role in
the pathogenesis of atherosclerosis: platelet-derived growth
factor and monocyte chemoattractant protein-1 (7, 34). In
vitro, omega-3 fatty acids decrease the production of
platelet-derived growth factor by cultured endothelial cells
(35). These changes in cytokine expression may be a
mechanism of action. Because dietary intake of omega-3
fatty acids seems to be effective independent of LDL
cholesterol levels, it might also be effective at levels
conforming to current guidelines (32).

Our study was too small to detect serious side effects
occurring less than once in approximately 200 patient-
years. However, the omega-3 preparation that we used was
safe and well tolerated. Serious side effects have not been

http://www.asim.org/journals/annals/06apr99/omega3 htm
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reported in other clinical studies of omega-3 fatty acids,
most of which used other preparations (1, 9-15). We
conclude that omega-3 fatty acid preparations such as that

- used in SCIMO carry a low probability of senous 51de

effects.

To delineate the clinical implications of our findings,
SCIMO's modest effect needs to be weighed in the context
of other studies on the cardiovascular effects of fish or
omega-3 fatty acids. Epidemiologic studies, studies on
mechanisms of action, and many animal studies indicate
that dietary intake of omega-3 fatty acids has
antiatherosclerotic potential (1, 2, 5-9, 22, 31, 34, 35). In -
addition, several investigations (3-5) have linked dietary
intake of omega-3 fatty acids with reductions in sudden
death in patients with coronary artery disease. Amounts of
omega-3 fatty acids calculated in DART and in
epidemiologic studies were equal to those in SCIMO (10).
Thus, fish eaten twice weekly, or fish oil concentrate (as
used in SCIMO), can be considered a useful adjunct to the
established arsenal of treatments (32) for the secondary
prevention of coronary heart disease.

In conclusion, in our study, dietary intake of omega-3 fatty
acids, approximately 1.5 g/d for 2 years, modestly
mitigated the course of human coronary atherosclerosis, as

--assessed by angiography. Fewer cardiovascular events

were noted. The dose and the preparation used were safe
and well tolerated.
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Omega-3 fatty acids improve blood pressure control and preserve renal function in hypertensive heart transplant recipients.

Eur Heart J 2001 Mar;22(5):428-36 (ISSN: 0195-668X)

Holm T; Andreassen AK; Aukrust P; Andersen K; Geiran OR; Kjekshus J; Simonsen S; Gullestad L [Find other articles with these
Authors]
Department of Cardiology, University of Oslo, Rikshospitalet, N-0027 Oslo, Norway.

BACKGROUND: Hypertension and cyclosporine-induced nephrotoxicity are common complications in heart transplant recipients.
Omega-3 fatty acids may prevent blood pressure rise early, but have not been studied long-term after heart transplantation. METHODS
AND RESULTS: Forty-five clinicaily stable hypertensive heart transplant recipients were studied 1-12 years after transplantation and
randomized in a double-blind fashion to receive either 3.4 g of omega-3 fatty acids daily or placebo for 1 year. Ambulatory 24 h blood’
pressure monitoring and haemodynamic studies were performed before randomization and at the end of the study. Systolic blood pressure
increased by 8+/-3 mmHg (P<0.01) in the placebo group, with a non-significent increase in diastolic blood pressure of 3+/-2 mmHg
(P=0.10), accompanied by a 14% increase in systemic vascular resistance (P<0.05). In contrast, no change in blood pressure or systemic
vascular resistance was recorded in the omega-3 group. Plasma creatinine increased (P<0.01) and glomerular filtration rate decreased
(P<0.05) in the placebo group, while no changes were observed in the omega-3 group. The antihypertensive effect was related to an
increase in serum eicosapentaenoi¢ and docosahexaenoic acid. CONCLUSION: Treatment with omega-3 fatty acids may reduce the long-
term continuous rise in blood pressure afier heart transplantation and may offer a direct or indirect renoprotective effect, making these fatty
acids a potentially attractive treatment for post-transplant hypertension. Copyright 2001 The European Society of Cardiology.
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. January 17, 2001 (Volume 285, Number 3)

e Intake of Fish and Omega-3 Fatty Acids and Risk of Stroke in Women

Iso H, Rexrode kM, Stampfer MJ, etal
JAMA. 2001;285:304-312

The results of some prospective studies have suggested an inverse relationship between fish intake and the risk of stroke while others have
demonstrated a possible link between fish consumption and the development of hemorrhagic stroke. Iso and colleagues examined the
relationship between fish and omega-3 polyunsaturated fatty acid intake and the risk of stroke subtypes in women.

The study group was obtained from the Nurses' Health study, which began in 1976. The prospectwc cohort consisted of a totat of 79,839
women who had returned the 1980 dietary questionnaire. The group aged 34 to 59 years in 1980 was followed for 14 years. The -
participants were free of previously diagnosed cardiovascular disease, cancer, diabetes, hypertension, and hypercholestmlﬂma. The
relative risk of stroke in 1980-1994 compared by category of fish intake and quintile of omega-3 polyunsaturated fatty acid intake was used .
as the main outcome measure. The relative risk (RR) of stroke was defined as the incidence rate of stroke among women in various
categories of fish intake and in quintiles of omega-3 fatty acids intake divided by the corresponding rate among women in the lowest
category of intake. Strokes were included if they occurred after the return of the 1980 questionnaire and before June 1, 1994.

Of 79,839 women (followed for 14 years), 574 incident stroke cases were documented during 1,086,261 person-years of follow-up.
Different stroke subtypes were recorded, including 119 subarachnoid hemorrhages, 62 intraparenchymal hemorrhages, 303 ischemic
strokes (264 thrombotic and 39 embolic), and 90 undetermined strokes. Within the thrombotic stroke category, 90 were secondary to large-
artery occlusive infarction and 142 were from lacunar infarcts. Compared with women who consumed fish less than once a month, women
with a higher intake of fish had a Jower risk of total stroke. Moreover, among stroke subtypes, there was a significant reduction in the risk
of thrombotic stroke among women who consumed fish 2 or more times per week (multivariate RR, 0.49; 95% Cl, 0.26-0.93). Women in
the highest quintile of intake of long-chain omega-3 polyunsaturated fatty acids had a reduced risk of total stroke and thrombeotic infarction.
When the results were stratified by aspirin consumption, an inverse association between fish intake and the risk of thrombotic infarct was
more evident among women who did not use aspirin regularly. It appeared that women who were in the highest quintile of omega-3 fatty
acid intake and did not use aspirin had a significant risk reduction of thrombotic stroke. No association was found between fish or omega-3

polyunsaturated fatty acid intake and the risk of hemorrhagic stroke. The results suggest that regular fish intake may reduce the risk of
thrombotic stroke in middie-aged US women.
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