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ABSTRACT Effects of a daily fish-oil supplement on serum
lipids, apolipoproteins, and some platelet functions and he-
morheologic variables were examined in 27 hyperlipidemic sub-
jects in a randomized, controlled, double-blind, crossover fashion
with an identically encapsulated vegetable oil serving as the con-
trol treatment. Despite the habitual high linoleic acid intake of
the study population, significant incorporation of n—3 (w-3) fatty
acids into the serum, platelet, and erythrocyte lipids was observed
after the fish-oil supplement. Ingestion of fish oil resulted in a
40% decrease in the triglyceride concentration, a 12% increase
in HDL cholesterol, and a significant decrease in plasma vis-
cosity, whereas the vegetable-oil placebo had no significant effect.
We conclude that a moderate intake of fish oil (15 g/d) is a
feasible treatment for hypertriglyceridemia even in patients with
a background of high linoleic acid intake and that it may have
a beneficial effect on several cardiovascular risk factors. Am
J Clin Nutr 1990:,52:1118-24.
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Introduction

Fish-oil ingestion as a means of preventing cardiovascular dis-
ease has recently attracted much attention (1). Actually, fish oils
provide the most effective means of dietary intervention for low-
ering the serum triglyceride (TG) concentration in hypertriglyc-
eridemic individuals (2-4). The effect is brought about by the
n—3 (w-3) fatty acids characteristically present in these oils. The
other polyunsaturated fatty acid (PUFA) family, which comprises
linoleic acid and derived n—6 fatty acids, fails to cause such an
effect. A comprehensive and critical review of the effects of fish
oil on lipoprotein metabolism was recently published (5).

In view of the metabolic interactions taking place between
the two fatty acid families (6), the question arises whether the
TG-reducing effect of fish oils will also be observed in a popu-
lation with a background of high linoleic acid intake.

Israel has a considerably higher linoleic acid consumption
than do other industrialized countries, as evidenced by the el-
evated linoleate content of subcutaneous fat, which, according
to three reports published since 1976 (7-9), averages between

22% and 27% of total fatty acids. National food balance sheets
(10) and family surveys (11) point to linoleic acid-rich vegetable
oils as the major separated fat consumed in Israel.

The aims of our study were to examine whether a moderate
intake of fish oil under conditions of a high dietary linoleate
intake will be as effective as it is in other countries with much
lower linoleate consumptions and to test the effects of this intake
on several cardiovascular risk factors (including serum lipids,
apolipoproteins, platelet functions in vivo as estimated by mea-
surement of circulating aggregated platelets, and hemorheologic
variables) in a randomized, controlled, double-blind, crossover
fashion.

Subjects and methods

Subjects

We recruited 27 patients at the Lipid Clinic of the Beilinson
Medical Center. The following criteria were met by the partic-
ipants: serum triglyceride concentration > 2.8 mmol/L while
on a standard lipid-lowering diet and without any hypolipidemic
drug for = 2 mo before the trial and no serious illness or oper-
ation during the 3 mo preceding the trial. All participants were
required to sign an informed-consent form approved by the hos-
pital Helsinki Committee, which also approved the study pro-
cedures. The World Health Organization phenotypes of the pa-
tients, their clinical characteristics, and baseline serum lipids are
summarized in Table 1. A weight-maintenance diet was followed
by the patients throughout the study.
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Ltd, Luton, England). Deformability of red blood cells was de-
termined by a filtration method that uses polycarbonate mem-
branes (Nucleopore Corp, Pleasanton, CA) from a single batch
with a pore diameter of S um and negative pressure of 1.96 MPa
(17). Routine hematologic and chemistry profiles were performed
at the beginning and end of each treatment period and included
a complete blood count and analysis by sequential multichannel
analyzer (SMA: Technicon Instruments Corp).

Statistical analysis

The data were stored and analyzed by the Statistical Analysis
System (18). Continuous variables compared between two classes
were tested for statistical significance by use of a paired, two-
tailed ¢ test. Because multiple comparisons were performed, the
differences were considered significant if P < 0.005. For the
variables that were measured several times during the study pe-
riod (ie, cholesterol, TG, and HDL concentrations), an analysis
of variance (ANOVA) for repeated measures (19) to test for the
overall effect of the fish-oil supplement was used.

Results

The changes in the fatty acid content of the serum lipids,
platelets, and erythrocytes after the fish-oil supplementation are
shown in Figure 1. There was a significant increase in the con-
centration of 20:5n—3 in all three blood fractions and a signif-
icant decrease in n—6 fatty acids in the erythrocyte lipids only.
Other n—3 fatty acids underwent similar changes (not shown).
The placebo treatment did not affect the fatty acid composition
of the platelets, increased the n—6 fatty acids in the erythrocyte
lipids, and decreased the serum n—3 fatty acids (not shown;
complete data available from the authors). The higher concen-
trations of the n—3 fatty acids after the fish-oil ingestion indicate
good compliance with the trial regimen.

The changes in serum total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides, and apolipoproteins A-lI and B are
shown in Figure 2. There was a significant decrease of ~40%
in the TG level during the fish-oil supplement (P < 0.005 by
ANOVA). Most of the decrease was achieved as early as 2 wk
after starting the supplement. A significant rise in the HDL-
cholesterol concentration of ~ 12% was observed also (P < 0.001
on analysis of variance). This rise is largely accounted for by a
significant elevation in HDL cholesterol in the IIB patients (Table
3). The total- and LDL-cholesterol concentrations as well as the
apolipoprotein concentrations did not change significantly with
either supplement (Fig 2). However, when the serum lipid
changes were analyzed according to phenotype (Table 3), a slight
decrease in the total cholesterol concentration was observed in
the 1IB patients after the fish-oil ingestion. No changes were
observed after the ingestion of the vegetable-oil capsules and no
significant changes were observed in LDL cholesterol after either
supplementation (Fig 2, Table 3).

To examine a possible carry-over effect after crossover from
the fish-oil to the placebo treatment, the PUFA values of the
erythrocytes at the beginning of the placebo period were grouped
according to the supplement that the patient received first (Ta-
ble 4).

A clear carry-over effect was observed; the n—3 fatty acid con-
tent of the erythrocyte fatty acids at the beginning of the placebo
period was significantly higher in the group that started with fish
oil than in the group that started with the placebo.
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FIG 1. Changes in some fatty acids in the serum, platelet, and eryth-
rocyte (RBC) lipids after fish-oil ingestion. x + SEM. *Before and after
values are significantly different, P < 0.0005.

The results of the platelet-function studies are summarized
in Table 5, which also includes the normal values found in our
laboratory. No significant changes were observed after the inges-
tion of either oil, although the percentage of big platelets was
much higher in both groups than in the control (*‘normal”) pop-
ulation, as was the percentage of aggregated platelets.

Hemorheologic changes are shown in Table 6. A significant
decrease in plasma viscosity was observed after the fish-oil inges-
tion, but no changes were seen in the filtrability of the eryth-
rocytes. No changes were observed in the routine hematologic
and blood chemistry analyses for either treatment (results not
shown).

Discussion

The pronounced TG-lowering effect of fish oil (20), which
was confirmed in the present study, should be viewed against
the background of the very high consumption of linoleic acid
in Israel, where linoleic acid-rich vegetable oils and margarines
constitute by far the major source of separated fatty acids for
culinary use and the food industry (10). This high linoleic acid
consumption is reflected in the elevated linoleic acid content of
subcutaneous fat in Israelis; a mean value of 24% was reported
in 1976 (7) and more recently a value of 27% was found (9).
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FIG 2. Serum cholesterol (A), HDL cholesterol (B), LDL cholesterol (C), triglycerides (D), apolipoprotein B (E),

and apolipoprotein A-I (F) changes during treatment with fish oil (@

@) and vegetable oil (O - - - O) (x + SEM).

Asterisks denote significant changes compared with baseline values: *P = 0.001, **P = 0.003, ***P = 0.0001.

Figures for the United States have been rising and have lately
reached 18% (21). Europeans have less linoleic acid in their body
fat, eg, ~12% in Heidelberg, FRG, (22) and 7-9% in Finland
and Scotland (23). Our results show that large body reserves of
linoleic acid do not interfere with the TG-lowering action of
fish oil.

No significant changes were observed in the total cholesterol
concentrations after fish-oil ingestion, similar to the observations
made in several other investigations (3, 24, 25). The slight non-
significant decrease in the total cholesterol concentration found
in our IIB patients was also observed in another study in which
similar amounts of fish oil were administered to hyperlipidemic

TABLE 3
Serum total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides before and after the supplementation periods according to
phenotype*
Type IIB Type IV
Before After P Before After P
mmol/L mmol/L
Fish oil
Total cholesterol 8.16 + 1.40 7.47 £1.23 0.05 6.45 + 0.55 6.53 +1.17 NS
LDL cholesterol 5.62 + 1.32 5.76 + 1.06 NS 4.38 + 0.58 486+ 1.13 NS
HDL cholesterol 0.85 +0.27 0.98 + 0.35 0.002 0.81 £0.21 0.86 +0.23 NS
Triglycerides 6.72 + 4.14 3.78 £ 1.92 0.02 6.24 + 2.61 402 +1.77 0.01
Vegetable oil
Total cholesterol 8.08 + 0.90 8.82 +2.37 NS 6.78 + 2.51 6.73 + 1.08 NS
LDL cholesterol 5.97 £ 0.86 6.35 + 1.62 NS 4.54 + 0.60 474 £ 1.10 NS
HDL cholesterol 0.94 +0.25 0.92 +£0.26 NS 0.80 £ 0.14 0.89 +£0.11 NS
Triglycerides 6.23 + 3.30 8.54 + 6.30 NS 5.69 + 2.44 6.00 = 2.11 NS

* x = SD. P values denote significance of difference between before and after oil supplementation.
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TABLE 6
Hemorheologic changes during treatment*
Treatment (fish oil) Placebo (vegetable oil)
Before After Before After
Plasma viscosity (mPa-s) 1.4000 + 0.08552 1.3495 + 0.0886471 1.3969 + 0.07707 1.3757 £ 0.07933
Filtrability of RBC (s/mL) 336 +54 34083 356 +6.3 340 £ 8.1
* x = SD.

t Significantly different from before-treatment value, P = 0.0001.

the incorporation of EPA into the erythrocyte lipids of our pa-
tients was of a magnitude similar to that reported by Tamura
et al (34) for the major erythrocyte phospholipids.

We observed a significant decrease in the plasma viscosity of
the patients’ blood after the fish-oil feeding but not after sup-
plementation with vegetable oil. The mechanism of this decrease
is not clear, since no changes in the plasma proteins were ob-
served and there was no correlation between the decrease in
viscosity and the changes in lipid concentrations. The decrease
in plasma viscosity might have been mediated by a decrease in
plasma fibrinogen concentration brought about by dietary fish
oil (36), although this supposed mechanism is controversial (37).

Our study was designed to be randomized, double-blind, and
controlled. However, a significant carry-over effect was dem-
onstrated (Table 4), suggesting that a washout period of 4 wk
was not sufficient to achieve a true baseline state. This carry-
over could only have caused an underestimation of the effect of
the fish oil in this study, but it should be taken into account
when variables other than erythrocyte fatty acids are measured.
An alternative design of this kind of feeding trial may be a com-
parison between two matched groups, one serving as the treat-
ment group and the other as the placebo group.

Most patients in whom a significant TG-lowering effect was
achieved with ingestion of fish-oil capsules stated that they pre-
ferred this form of treatment over their previous treatment with
drugs, mostly fibric acid derivatives. Those who can afford to
purchase the capsules are continuing this treatment, 10-15 g
EPAGIS capsules/d, up to 12 mo after completion of the clinical
trial, with good results. The main impediments to implementing
this treatment in more hypertriglyceridemic patients remain the
high cost of the fish-oil preparation and the need to ingest many
capsules per day.

The results of this study suggest that fish-oil ingestion in a
moderate dose is a feasible treatment for hypertriglyceridemia
even in a population with a high intake of linoleic acid. Fur-
thermore, the improvement in the lipid profile observed in our
patients together with the decrease in the plasma viscosity point
toward a potential beneficial effect of fish-oil ingestion on the
atherosclerotic process.

We are grateful to A Atsmon for his thoughtful comments. The fish
oil (EPAGIS) and placebo capsules were kindly provided by Agis Ltd,
Tel Aviv, Israel.
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