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OBJECTIVE— To assess the effects of low-dose eicosapentaenoic acid-ethyl-ester
on diabetes regulation, lipid metabolism, blood rheology, and platelet reactivity.
RESEARCH DESIGN AND METHODS— In a double-blind, randomized, placebo-controlled study, 24 NIDDM subjects received 1800 mg of EPA-E, 900 mg of
EPA-E, or a placebo (1656 mg olive oil) daily for 8 wk.
RESULTS — The EPA:arachidonic acid plasma ratio increased over an 8-wk period,
then declined after a 4-wk wash-out period in the fish-oil groups in a dosedependent way. Platelet-activating factor-induced platelet aggregation decreased
from 75 ± 7% at wk 0 to 35 ± 21% at wk 8 in the 900-mg group (P = 0.016) and
from 72 ± 11 to 40 ± 30% in the 1800-mg group (P = 0.039), but did not change
in the placebo group. No effects on A DP- or collagen-induced aggregation could be
attributed to EPA-E. In the 1800-mg group low-density-lipoprotein cholesterol
increased significantly, without concomitant rise in apolipoprotein B. Triglycerides,
glycemic control, lipoprotein (a), blood and plasma viscosity, erythrocyte deformability, and platelet adhesion to and aggregate formation on extracellular endothelial
cell matrix were not significantly influenced.
CONCLUSIONS— Purified EPA-E in doses of 900 and 1800 mg reduces Plateletactivating factor-induced platelet aggregation without negatively affecting glycemic
control. Low-density-lipoprotein cholesterol was elevated in the 1800-mg group.
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RESEARCH DESIGN AND
METHODS— We selected 24 subjects
with NIDDM, as defined by WHO criteria, from the outpatient clinic of the University Hospital Utrecht, according to the
following inclusion criteria: no manifestations of hepatic, renal, gastrointestinal,
or hematological disease; and no manifestations of CVD in the previous 3 mo.
The use of drugs likely to modify plasma
lipids or platelet function, especially aspirin, was not allowed. The metabolic
status of the subjects, monitored twice
over a 1-mo prestudy observation period
had to be stable. Table 1 summarizes
patient characteristics at the onset of the
study.
The subjects were selected randomly to receive 1800 mg of EPA-E, 900
mg of EPA-E, or a placebo (1656 mg
olive oil) in a double-blind fashion. All
subjects received two capsules three
times/day for 8 wk. This was followed by
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Effects of Low-Dose EPA-E on
Glycemic Control, Lipid Profile,
Lipoprotein(a), Platelet
Aggregation, Viscosity, and
Platelet and Vessel Wall
Interaction in NIDDM

onsumption of fish containing n-3
polyunsaturated fatty acids reduced
the incidence of CHD in epidemiological studies (1). N-3 fatty acids, such
as EPA and DHA, can favorably alter the
risk profile for atherosclerotic vascular
disease by lowering plasma TG (2-7)
and decreasing platelet reactivity (8-14)
and blood viscosity (14-17). Patients
with diabetes mellitus, who are at high
risk for cardiovascular complications,
therefore may benefit from long-term
consumption offishoil.
Fish-oil consumption, however,
can deteriorate glycemic control (4,21,
22) and elevate LDL-cholesterol and
apoB levels (6,23-25) in NIDDM subjects. These adverse effects appear to be
dose dependent and have been described
in studies using different mixtures of EPA
and DHA. Our study was designed to
search for a low dose of highly purified
EPA-E that would have favorable effects
on platelet function and rheological
properties of blood without deleterious
effects on diabetes regulation and lipid
metabolism in NIDDM subjects.

Effects of low-dose EPA-E in MDDM

Table 1— Clinical characteristics of study subjects at baseline
STUDY SUBJECTS

1800 MG
AGE (YR)*
SEX

(M/F)

WEIGHT* (KG)
BM1 (KG/M 2 )*
DURATION OF DIABETES (YR)*

P/S*t

900 MG

PLACEBO

51 (39-62)
5/3
78.9(70-90)
26.8 (21-29)
4 (1-12)
0.4(0.2-0.7)

62 (55-68)
5/3
77.7(73-84)
28.6 (25-32)
10(2-21)
0.3 (0.1-1)

3
4

4
3
1

4
3

7X 3/3
IX 3/2

6x 3/3
l x 3/2
0.6 (0-3)
6.5 ± 1.1 (4.5-8.2)
2 ± 0.25 (1.7-2.2)
9.2 ±2.7(6.1-13.2)

TREATMENT OF DIABETES
SULPHONYLUREA DERIVATIVES
DIET
TOLBUTAM1DE
INSULIN
a p o E PHENOTYPE
ALCOHOL CONSUMPTION ( 1 0 - G UNITS/DAY)*
CHOLESTEROL (MM)*
TG (MM)=F
HBAX

(%)f

1

5x 3/3;
2X
0.3
6.3
1.7
8.6

4/3; l x 4/4
(0-2)
± 1 (5.2-8.0)
± 1 (0.6-3.6)
± 2.7 (4.9-13)

0.3 (0-2)
6.1 ± 1.1 (5.0-8.6)
2.45 ± 1.9 (0.9-6)
7.6 ± 2.9 (5.2-12.8)

*Data are median (range).
tRatio of polyunsaturated to saturated fatty acids in the diet.
*Data are means ± SD (range).

a 4-wk wash-out period. For the group
receiving 1800 mg, all six capsules contained 300 mg of 93.6% highly purified
EPA-E (MND 21, Rhone Poulenc Same,
Antony Cedex, France). For the placebo
group all six capsules contained 0.3 ml
(276 mg) of olive oil. The 900-mg group
received one capsule of the 300-mg
EPA-E and one of the olive-oil placebos
three times/day. All capsules were gelatin
coated and indiscernible.
Each patient provided a dietary
history before the study and was instructed not to change diet, alcohol intake (expressed as 10-g units), smoking
habits, or other therapies throughout the
study. Subjects were told not to use alcohol during the 24 h before each visit.
They came to the clinic at wk 0,
2, 4, 8, and plus 4 wk for a review of side
effects, a capsule count, a physical examination, and for collection of fasting
blood samples.
Hematological parameters
We determined bleeding time with a
Simplate-II device. Plasma fibrinogen

684

level was determined according to Clauss
(28). We performed platelet aggregations
in a PAP- 4 aggregometer on platelet-rich
(250,000) plasma from citrate anticoagulated blood, in response to equine collagen (1 and 4 [ig/ml), A DP (2.5 and 5
|xM), and PAF (0.1, 0.2, 0.5, and 5 \xM).
The maximal aggregation achieved
within 5 min after the addition of collagen, A DP, or PAF was expressed as a
percentage of 100% light transmission
(39). We evaluated only those subjects
with a concentration of PAF, ADP, or
collagen-inducing aggregation at wk 0 of
>50% (13). We did not evaluate subjects with aggregation responses <50%
at wk 0.

Lipid profile
Lipoprotein classes were fractionated by
one-step preparative ultracentrifugation,
as described previously (29). Cholesterol
and TG were determined enzymatically
in total plasma and in fractions of HDL,
LDL, and VLDL. Plasma Lp(a) was determined with immunoradiometric assay

(30). Plasma apoA and apoB were determined nephelometrically (31).
Biochemical tests
We performed biochemical tests on a
Hitachi 717 autoanalyzer. HbA: was
measured with boronate affinity chromatography using Pierce reagents as described previously (32). The GHb reference value in our laboratory is 3 . 5 6.5%.
Viscosity
Whole blood and platelet-poor plasma
viscosity were determined with a Couette-type viscosimeter. Erythrocyte deformability was measured with laser diffractometry, as described previously
(33).
Perfusion experiments
Platelet adhesion to and aggregate formation on extracellular ECM was measured
in a perfusion model with recirculating
blood, as described previously (34,36).
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56.5 (37-71)
5/3
66.3 (56-83)
23.5 (20-30)
6.5 (2-15)
0.55 (0.2-1)

Westerveld and Associates

Table 2—The influence of dietary supplementation with 1800-mg EPA-E, 900-mg
EPA-E, or placebo during 8 wk on PAF-,
ADP-, and collagen-induced platelet
aggregation

79 ± 9 56 ±23 0.031*
63 ± 10 58 ±27 >0.5
66 ± 13 59 ± 21 >0.5

Glycemic control and lipids

PLATELET
AGGREGATION

WKO

WK8

P VALUE

PAF
1800 MG
900 MG
PLACEBO

ADP
1800 MG
900 MG
PLACEBO

Glucose and HbA: levels showed no significant difference between the groups
during the study (Table 1). This remained the case after correction for
weight and Quetelet index. The increase
in glucose values between wk 0 and plus
4 wk in each group was not statistically
significant. The HbA: values (mean ±
SD) showed no significant differences
within each group from wk 0 to wk 8:
8.2 ± 2.8 to 7.9 ± 2 . 1 in the 1800-mg
group (P = 0.3); 7.6 ± 2.9 to 8.1 ± 2.8
in the 900-mg group (P = 0.37);
9.2 ± 2.7 to 9.3 ± 3 in the placebo
group (P = 0.9).

COLLAGEN

1800 MG
900 MG
PLACEBO

78 ± 3
77 ± 6
80 ± 5

79 ± 7 >0.5
75 ± 13 >0.5
74 ± 17 >0.5

Data are means ± SD. Wilcoxon signed-rank tests
were used to analyze platelet aggregation responses. PAF-, A DP-, and collagen-induced aggregations were expressed as the percentage of maximal light transmission (100%).
*P < 0.05 between wk 0 and wk 8.

Statistical analysis
We used repeated measures A NOVA to
test for significant differences among
groups. P < 0.05 was considered significant. Wilcoxon signed-rank tests analyzed the platelet-aggregation responses
and Lp(a) levels, which are not normally
distributed. The bleeding times were analyzed with Student's t tests for paired
samples.
RESULTS— As shown in Table 1, 24
NIDDM subjects completed the study.
None had a history of CVD, and no adverse effects were recorded. Capsule
counts and EPA-E plasma concentrations
proved good compliance. Body weights
did not change from wk 0 to wk 4 to wk
8 to plus 4 wk, and median values were
66.3 (1800 mg), 78.9 (900 mg), and
77.7 kg (placebo) at baseline. The mean
body weight in the 1800-mg group was
significantly lower than in the 900-mg
and placebo groups (P = 0.006).
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The lipid variables did not demonstrate statistically different trends
among groups with repeated measures
ANOVA. Performing Student's t tests
separately by treatment group showed a
slight but significant increase in LDLcholesterol level in the 1800-mg group:
4.2 ± 0.8 (wk 0); 4.5 ± 0.9 (wk 4);
4.8 ± 1.1 (wk 8). P values were 0.04 for
wk 0 versus wk 4 and 0.014 for wk 0
versus wk 8.
Concentrations of apoB were
0.9 ± 0.2 g/L in the 1800-mg group,
0.9 ± 0.3 g/L in the 900-mg group, and
0.9 ± 0.2 g/L in the placebo group. The
concentrations did not change significantly, as with the other lipid parameters. The baseline values of Lp(a) were
259 ± 2 1 0 mg/L. The Lp(a) changes in
the treatment groups were not significant.

1993

Platelet aggregation studies and
bleeding time
Platelet aggregation results from 4 subjects were excluded from analysis, because the platelet aggregation responses
were <50% at wk 0. As shown in Table
2, PAF-induced platelet aggregation decreased significantly in both EPA-E
groups from wk 0 to wk 8: 72 ± 11 to
40 ± 30% in the 1800-mg group
(P = 0.039); and 75 ± 7 to 35 ± 21%
in the 900-mg group (P = 0.016). It did
not change significantly in the placebo
group: 78 ± 7 to 68 ± 29% (P > 0.5).
ADP-induced platelet aggregation at wk 0 was significantly higher in
the 1800-mg group versus the 900-mg
and placebo groups. The ADP aggregation was significantly reduced in the
1800-mg group: 79 ± 9 to 56 ± 23%
(P = 0.031) and did not change in the
900-mg or placebo groups (Table 2).
The collagen-induced platelet aggregation did not change, nor did the Simplate
bleeding time.

Platelet and vessel wall interaction
The platelet adhesion, measured as total
coverage of ECM with adherent platelets,
showed no significant difference between
groups. The platelet aggregation, measured as number and size of aggregates,
demonstrated no significant difference
between groups (data not shown).

Viscosity, plasma protein, and
fibrinogen
No significant between-group differences were found in plasma viscosity,
whole blood viscosity, erythrocyte deformability, total plasma protein, and fibrinogen (data not shown).
CONCLUSIONS— The purpose of
this study was to find a low dose of fish
oil with beneficial effects on platelet reactivity and no adverse effects on lipid
levels or glycemic control. Highly purified EPA-E was used in daily 900- and
1800-mg doses. Resorption was adequate and dose dependent, according to
the EPA-E plasma concentrations.
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72 ± 11 40 ±30 0.039*
75 ± 7 35 ±21 0.016*
78 ± 7 68 ±29 >0.5

EPA-E plasma concentrations
The EPA-E plasma concentrations, expressed as the EPA:AA ratio, increased
from 0 . 1 2 4 ± 0.07 (wk 0) to
0.334 ± 0.10 (wk 4) to 0.308 ± 0.10
(wk 8) in the 900-mg group and from
0.132 ± 0.13 (wk 0) to 0.613 ± 0.23
(wk 4) to 0.675 ± 0.25 (wk 8) in the
1800-mg group. At plus 4 wk, the
plasma levels had d e c l i n e d to
0.187 ± 0.13 in the 900-mg group and
to 0.126 ± 0.05 in the 1800-mg group.

Effects of low-dose EPA-E in N1DDM
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fied EPA-E or mixtures of EPA and DH A
appear to be required to influence in vivo
and ex vivo platelet and vessel wall interaction. The same applies to rheological parameters (14-17).
In the 1800-mg group LDL cholesterol increased during EPA-E supplementation, as found by others (21,49).
Concentrations of apoB were unaffected.
This unfavorable effect can reflect an increased conversion from VLDL to LDL
particles or a decreased clearance of LDL
particles.
A consistent effect of fish oil is a
reduction of plasma TG. This is ascribed
to reduced production of VLDL-TG in
the liver (3). The effect is dose dependent
and more pronounced when initial TG
levels are higher. In this study, baseline
TG values were nearly normal (Table 1)
and did not change. This has been described before in normolipidemic
NIDDM, using 1.6 g of EPA and 1.2 g of
DHA (23). Higher doses of fish oils
probably are required to reduce TG in
diabetes mellitus.
Serum levels of Lp(a) >300 mg/L
are considered a risk factor for CHD
(26). Some studies have suggested a relationship among Lp(a), diabetes, and
fish-oil consumption (27,43-45). Supplementation with EPA-E did not influence Lp(a) in our study. Neither dose of
EPA-E influenced glycemic control.
This study demonstrates that
both 900- and 1800-mg doses of EPA-E
can reduce PAF-induced platelet aggregation without affecting glycemic control. The unaltered lipid variables in the
900-mg group and the slight elevation of
LDL cholesterol in the 1800-mg group
suggests a 900-mg dose of EPA-E can be
administered safely to NIDDM patients.
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