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Abstract

The effects of fish oil on lipoprotein subfractions and low density lipoprotein (LDL) size in non-insulin-dependent diabetes
mellitus (NIDDM) patients with hypertriglyceridemia are unknown. To elucidate this, 16 NIDDM hypertriglyceridemic patients
(plasma triglyceride 2.25-5.65 mmol/l, plasma cholesterol <7.75 mmol/l) were randomly assigned to a 6-month period with
either moderate amounts of fish oil (n=8) or placebo (n=38) after 4 weeks of wash-out and 3 weeks of run-in. Diet and
hypoglycemic treatment were unchanged throughout the experiment. LDL size were evaluated at baseline and after 6 months.
Three VLDL and LDL subfractions were measured at the end of the two periods. The total lipid concentration of all very low
density lipoprotein (VLDL) subfractions was lower at the end of fish oil treatment compared with placebo (large VLDL
124.3 +19.7 mg/dl vs 156.7 +45.5 mg/dl; intermediate VLDL 88.5 + 9.5 mg/dl vs 113.9 4+ 23.2 mg/dl; small VLDL 105.9 +9.7
mg/dl vs 128.9 + 40.7 mg/dl) (mean + SEM), although the difference was not statistically significant. Moreover, at the end of the
two treatments, the percentage distribution of VLDL subfractions was very similar (large 37.5 + 3.3% vs 37.6 + 2.6%, intermediate
27.6 +0.9% vs 31.0 + 2.4%; small 34.9 4+ 3.7% vs 31.4 4 2.1%). Concerning LDL, no significant change in LDL size was observed
after the two treatments (255.4 +2.2 A vs 2542+ 1.7 A, fish oil; 253.7+2.0 A vs 253.3+ 1.7 A, placebo). LDL subfraction
distribution was also very similar (large 17 + 3% vs 17 + 2%; intermediate 62 + 3% vs 65 + 3%; small 21 + 3% vs 18 + 2%), at the
end of the two periods, confirming the lack of effects on LDL size. In conclusion, our study indicates that in NIDDM patients
with hypertriglyceridemia, fish oil does not induce any improvement in LDL distribution and LDL size despite its positive effects
on plasma triglycerides. © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction associated with an abnormal triglyceride metabolism;

this also leads to an increase in small LDL [7-9], which

There is growing evidence on the importance of the
composition and distribution of lipoprotein subfrac-
tions in the etiology of cardiovascular disease [1-6]. As
a matter of fact, the hypothesis that smaller very low
density lipoprotein (VLDL) and low density lipoprotein
(LDL) particles are more atherogenic has been sup-
ported by cross-sectional as well as by the more recent
prospective studies [3,4,6]. NIDDM is frequently
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could explain, at least in part, the very high cardiovas-
cular risk for these patients. This evidence underlines
the clinical relevance of any intervention that could
have beneficial effects not only on lipoprotein concen-
trations, but also on lipoprotein subfraction distribu-
tion and, in particular, LDL size. Nevertheless, the data
on the effects of dietary and/or drug treatments in
non-insulin-dependent diabetes mellitus (NIDDM) pa-
tients on this issue are still scanty. There is a wealth of
literature on the effects of fish oil on different cardio-
vascular risk factors and one of the most consistent
beneficial effects of fish oil is a clear reduction of
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triglyceride levels [10—13]. Since plasma triglyceride
levels are among the main determinants of the forma-
tion of smaller LDL [1,14,15], it is reasonable to believe
that fish oil could also decrease the concentration of
smaller LDL. Nonetheless, despite the importance of
this issue, there is little information on the influence of
®-3 fatty acids on either VLDL or LDL subfraction
profile, or LDL particle size in both non-diabetic and
diabetic individuals. Considering the importance of
these variables as cardiovascular risk factors, the aim of
our study was to evaluate the effects of long-term fish
oil supplementation on VLDL and LDL subfractions
as well as on LDL size in NIDDM patients with
hypertriglyceridemia. For the purpose of our study, we
chose NIDDM hypertriglyceridemic patients as we feel
they are the best candidates to benefit from a fish oil
treatment.

2. Research design and methods
2.1. Subjects

Sixteen hypertriglyceridemic NIDDM  patients
(World Health Organisation criteria) [16] with type IIB
or IV hyperlipidemia (Fredrikson’s classification),
whose clinical characteristics have been described in
Table 1, were enrolled after giving their written in-
formed consent. The study was part of a multicenter
trial on the effects of fish oil on plasma lipids and blood
glucose control [17]. The patients were all selected from
the diabetic clinic of our department according to the
following criteria: (1) NIDDM duration of at least 2
years; (2) almost stable metabolic control for the 3
months prior to enrollment; (3) no significant changes
in body weight during the 3 months before enrollment;
(4) fasting plasma triglycerides between 2.25 and 5.56
mmol/l, and cholesterol levels <7.75 mmol/l in the
absence of any hypolipidemic drug for at least 4 weeks;
(5) age between 40 and 75 years; (6) as to women, only

Table 1

those in the post-menopausal phase not on hormone
replacement therapy.

Patients with mild hypertension could be enrolled,
provided that they were well controlled by calcium
antagonists or angiotensin converting enzyme (ACE)
inhibitors.

2.2. Study protocol

The study followed a randomized double-blind,
placebo-controlled design with parallel groups. After a
wash-out period of 4 weeks, during which all hypolipi-
demic drugs were withdrawn and patients were stabi-
lized on their own isoenergetic diet and previous
hypoglycemic treatment (only sulfonylureas were ad-
mitted), there was a run-in period of 3 weeks during
which patients received three capsules per day of
placebo. At the end of the run-in period, patients were
randomized to receive either fish oil or placebo cap-
sules. Eight patients followed the fish oil treatment and
eight received placebo. The study lasted 6 months,
during which the patients were seen monthly on an
outpatient basis; all patients completed the study. Dur-
ing the first 2 months, the patients took three capsules
of fish oil daily (2.5 g ®-3 fatty acids/day) or placebo (3
g olive oil/day). Thereafter and for the remaining 4
months, the dosage was reduced to two capsules per
day, equal to 1.7 g ®-3 fatty acids or 2 g olive oil. Both
fish oil and placebo capsules were provided by Pharma-
cia, Farmitalia Carlo Erba (Milan, Italy).

Throughout the experiment, the patients followed a
standardized isoenergetic diet for diabetes (carbohy-
drate 50%, fat 35%-—mostly monounsaturated, protein
15%); their habitual consumption of fish was, on aver-
age, one serving of fish per week. Compliance to the
diet was checked by semiquantitative dietary question-
naires at the beginning and at the end of the study and
was estimated to be good. Compliance to treatment was
analyzed by the fatty acids spectrum of red blood cells;
results of these parameters have been reported else-

Clinical characteristics and metabolic parameters of the participants at baseline and after 6 months on fish oil or placebo in hypertriglyceridemic

NIDDM patients®

Fish oil (n=238)

Placebo (n=28)

Baseline 6 months Baseline 6 months
Age (years) 56+3 - 57+2 -
Sex (f/m) 5/3 - 4/4 -
Weight (kg) 69 +5 7045 74 +3 74 +4
Fasting plasma glucose (mmol/l) 102+1.2 10.9+0.5 924+0.6 10.3+1.0
HbA, . (%) 73404 83405 6.940.6 7.740.5
Plasma cholesterol (mmol/l) 6.27 +0.57 5.714+0.26 5.76 +0.29 6.21 +0.44
Plasma triglycerides (mmol/l) 3.8540.32 2.92 +0.23* 3.2940.38 3.14 4+ 0.33
HDL cholesterol (mmol/l) 0.88 +0.04 0.89 +0.05 0.93 +0.07 0.95+0.10

a2 Data are mean + SEM. P<0.01 vs baseline.
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where [13]. Hypoglycemic and antihypertensive treat-
ment were left unchanged throughout the experiment.

The study was approved by the ethical committee of
the Federico II University and each patient gave his/her
informed consent to participate.

2.3. Laboratory procedures

2.3.1. Lipoprotein subfractions

Blood samples were collected at the end of fish oil
and placebo treatments by vein puncture without stasis,
after an overnight fast (12—14 h), and allowed to clot.
Serum was separated by low-speed centrifugation (3000
rpm for 10 min) and added with EDTA-Na, (final
concentration, 0.05%).

VLDL and LDL were isolated by sequential prepara-
tive ultracentrifugation under standard conditions [18].

2.3.2. VLDL subfractions

A discontinuous density gradient preparative ultra-
centrifugation (DGPU) procedure was used to subfrac-
tionate VLDL using the method of Redgrave and
Carlson [19], with small modifications [20]. Three
VLDL subfractions of decreasing size (large, intermedi-
ate, and small) were separated by three consecutive
runs: (1) 105 min at 40 000 rpm (large VLDL, Svedberg
flotation unit Sf>400-175); (2) 80 min at 40 000 rpm
(intermediate VLDL, Sf=175-100); (3) 18 h at 37000
rpm (small VLDL, Sf=100-20). Centrifugation was
carried out in a Beckman SW40 Ti rotor at 20°C on a
Centrikon T2060 ultracentrifuge (Kontron Instruments,
Zurich, Switzerland) with operating mode preselection
keys set at ‘vertical on—off’. This key allows the slowest
acceleration up to 800 rpm; at the end of the run, the
brake is automatically switched off at 800 rpm and the
rotor coasts to a standstill.

2.3.3. LDL subfractions

Three LDL subfractions of increasing density and
decreasing size were separated by density gradient ul-
tracentrifugation on the LDL fraction obtained by
sequential ultracentrifugation, according to the method
described by Griffin et al. [21] and modified by Tilly-
Kiesi et al. [22]. Tubes were centrifuged for 24 h at
23°C using the same rotor and ultracentrifuge appara-
tus as for VLDL subfractions. After centrifugation, the
tubes were emptied from the top using an ISCO density
gradient flow cell and fractionator system, a WIZ Peri-
staltic pump, Fluorinert FC-40 d 1.85 g/ml, absorbance
detector UA-6 (ISCO, Lincoln, Nebraska, USA). Den-
sities were checked by a Digital Density Meter DMA-
48 (Anton Paar, Graz, Austria). Three LDL
subfractions of increasing density (large, d=1.024—
1.031 g/ml; intermediate, d =1.031-1.040 g/ml; small,
d=1.040-1.060 g/ml) were collected in a volume of 1.5
ml each by a Retriever II fraction collector (ISCO,
Nebraska, USA).

2.3.4. LDL size

LDL particle size (diameter in A of the major LDL
peak) was assessed on serum by non-denaturating poly-
acrylamide gradient gel electrophoresis using commer-
cially available 2.5-16% gels (ISOLAB; Akron, OH,
USA), with a minor modification of the method of
McNamara et al. [23,24]. Briefly, samples were pre-
stained with Sudan Black B lipid stain and scanned at
633 nm on a LKB Ultroscan XL laser densitometer
(Pharmacia LKB Biotechnology, Piscataway, NY).
Gels were calibrated using serum calibrators, whose size
was confirmed by analytical ultracentrifugation. The
coefficient of variation for control pools was 1.8—3.6%.

LDL subclass pattern was characterized according to
the criteria of Austin et al. [25]: LDL pattern A consist-
ing of a major peak with LDL particle diameter > 255
A, LDL pattern B consisting of a major peak with
LDL particle diameter <255 A.

2.3.5. Other measurements

Total cholesterol, triglycerides, and phospholipids
were assayed on each subfraction by enzymatic colori-
metric methods [26—29], using commercially available
kits (Boehringer Mannheim, Mannheim, Germany), ad-
equately modified in order to obtain a high sensitivity
also at low concentrations, on a COBAS MIRA auto-
analyzer (Roche, Basle, CH). Quality control of lipid
analysis is regularly ensured in our laboratory by the
WHO Prague Reference Centre [30]. Recovery of single
constituents in VLDL and LDL (sum of the concentra-
tion in VLDL and LDL subfractions as percentage of
the concentration in total VLDL and LDL) was, re-
spectively, 97 +1.2% and 94 + 3.1% for cholesterol,
96 +1.2% and 91 +2.7% for triglycerides, 98 + 1.0%
and 95 +2.2% for phospholipids, without difference
between placebo or fish oil treatments.

At baseline and after 6 months of either fish oil or
placebo, blood samples for the measurement of lipo-
protein lipase (LPL) and hepatic lipase (HL) activities
were collected in tubes containing EDTA-K3, 15 min
after intravenous administration of heparin (100 IU/kg
body weight). Plasma was immediately separated by
centrifugation at 4°C and stored at —25°C. LPL and
HL activities were evaluated according to Nilsson-Ehle
and Ekman [31], using as substrate a (*H) trioleoylglyc-
erol emulsion by di-oleoyl phosphatidyl choline, as
previously described in detail [20]. Coefficients of varia-
tion were 6.3 and 2.4% (intra-assay), and 8.9 and 4.6%
(inter-assay) for LPL and HL, respectively.

2.4. Statistical analysis

Data are expressed as mean + SEM, unless otherwise
specified.

In order to try to minimize the great variability in
triglyceride levels, fasting plasma triglycerides and
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Table 2

Lipid concentrations of VLDL subfractions and their percentage
composition after 6 months on fish oil or placebo in hypertriglyceri-
demic NIDDM patients®

Fish oil (n=8)  Placebo (n=28)

Large VLDL (mg/dl) 124.34+19.7 156.7 +45.5
%CHOL 11.1+£0.5 10.8 £0.8
%TG 72.8 +£0.8 73.440.7
%PL 16.1 £ 0.8 158+0.2
Intermediate VLDL (mg/dl) 88.5+9.5 113.9 +23.2
%CHOL 16.4+0.3 173+ 1.4
%TG 63.8 +0.4 63.1+2.1
%PL 19.84+0.2 19.6 £ 0.8
Small VLDL (mg/dl) 105.9+9.7 128.9 +40.7
%CHOL 254+1.0 25.1+2.1
%TG 51.4+0.9 51.8 +£2.8
%PL 23240.6 231409

2 Data are mean + SEM.

Table 3
Percentage distribution of VLDL and LDL subfractions after 6
months of fish oil or placebo in hypertriglyceridemic NIDDM
patients®

VLDL (n=28) LDL (n=238)

Fish oil Placebo  Fish oil Placebo
% Large 3743 3843 17+3 17+2
% Intermediate 28+ 1 31+3 62+3 65+3
% Small 35+4 3142 21+3 18+2

2 Data are mean + SEM.

Table 4

Lipid concentrations of LDL subfractions and their percentage com-
position after 6 months on fish oil or placebo in hypertriglyceridemic
NIDDM patients®

Fish oil (n=218) Placebo (n =38)

Large LDL (mg/dl) 309 +5.1 289+2.4
%Chol 55.6+1.6 52.14+2.7
%TG 13.4+2.0 18.6 +£2.7
%PL 31.0+1.8 293+ 1.4
Intermediate LDL (mg/dl) 113.7 £ 12.0 120.4 +15.7
%Chol 534+14 525413
%TG 11.1+1.2 13.34+2.6
%PL 35.54+0.7 342413
Small LDL (mg/dl) 36.5+3.7 343480
%Chol 55.8 +£0.8* 50.1+£2.3
%TG 10.6 +£0.7 148 +£2.5
%PL 33.6+0.8 35.1+2.0

2 Data are mean + SEM.
* P<0.05.

cholesterol concentrations represent the mean of three
samples taken on three consecutive days. Variables that
were not uniformly distributed were log-transformed
before statistical analysis. Statistical analysis was per-
formed according to standard methods [32] using the

Statistical Package for Social Sciences (SPSS/PC)
Software.

Baseline data were compared using Student’s 7-test
for unpaired data. The effect of treatment was analyzed
by comparing the results within each group at baseline
and at 6 months with Student’s ¢-test for paired data.
Moreover, comparisons between the two treatments
were performed using Student’s ¢-test for unpaired data
on differences between 6 months and baseline values.
For variables analyzed only at the end of the two study
periods, statistical evaluation was performed using Stu-
dent’s ¢-test for unpaired data. P < 0.05 was considered
as statistically significant (two tails).

3. Results

The main clinical characteristics of the two groups of
patients at baseline were not significantly different
(Table 1); there was no difference in body weight,
fasting plasma glucose and HbA,, between baseline and
the end of the treatment in either group of patients
(Table 1). Moreover, fish oil induced a significant de-
crease in total serum triglycerides and no significant
change either in total serum cholesterol or in HDL
cholesterol (Table 1).

3.1. VLDL subfractions

The total lipid concentration (sum of cholesterol,
triglyceride and phospholipids) of each VLDL subfrac-
tion was lower after fish oil treatment compared with
placebo (large, 124.3 +19.7 mg/dl vs 156.7 +45.5 mg/
dl; intermediate, 88.8 + 9.5 mg/dl vs 113.9 4+ 23.2 mg/dl;
small, 105.9 + 9.7 mg/dl vs 128.9 + 40.7 mg/dl), but the
difference was not statistically significant (Table 2). In
any case, since the effect of fish oil was similar on each
of the three isolated subfractions, their percentage dis-
tribution (lipid concentration of each VLDL subfrac-
tion expressed as the percentage of the total VLDL
lipid concentration) was also very similar at the end of
both periods (large, 37.5 + 3.3% vs 37.6 4+ 2.6%; inter-
mediate, 27.6 + 0.9% vs 31.0 4 2.4%; small, 34.9 + 3.7%
vs 31.4+2.1%) (Table 3). Moreover, there was no
change in the lipid composition of each VLDL subfrac-
tion (Table 2).

3.2. LDL subfractions and LDL size

Table 4 reports the total lipid concentration of LDL
subfractions and their relative composition at the end
of the two periods of treatment. The total lipid concen-
trations were very similar (large, LDL 30.9 + 5.1 mg/dl
vs 28.9 + 2.4 mg/dl; intermediate, 113.4 4+ 12.0 mg/dl vs
120.4 +15.7 mg/dl, small, 36.5 &+ 3.7 mg/dl vs 34.3 +
8.0 mg/dl); on the other hand, at the end of the fish oil
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Fig. 1. LDL size (mean diameter in A of the major LDL peak) before
and after 6 months on fish oil (n=7) or placebo (n=38) in hyper-
triglyceridemic NIDDM.

treatment, the percentage of cholesterol content was
higher in all the LDL subfractions compared with
placebo, even if this increase was statistically significant
only for the small LDL (percent cholesterol, 55.8 + 0.8
vs 50.1 +2.3; P <0.05) (Table 4).

The effects of treatment on LDL size are shown in
Fig. 1. There were no changes at all in LDL size
between baseline values and those at 6 months in either
the fish oil period (254.2 + 1.7 A vs 255.4 + 2.2 A; ns; A
1.11 +2.58 /0\; 95% CI, — 7.44 to 5.21) or the placebo
period (253.74+2.0 A vs 2533+ 1.7 A; ns; A —0.38 +
1.36; 95% CI, —2.84 to 3.59). The lack of effect on
LDL size was confirmed by the data on the percentage
distribution of LDL subfractions, separated by DGPU;
the data at the end of fish oil and placebo periods fully
overlapped (large, LDL 17 4 3% vs 17 + 2%; intermedi-
ate, 62 + 3% vs 65 4+ 3%; small, LDL 21 + 3% vs 18 +
2%) (Table 3).

3.3. Lipolytic activities
There was no change in post heparin plasma lipo-
protein and hepatic lipase activities in either the fish oil

or the placebo group between baseline and 6 months
(Table 5).

Table 5

4. Discussion

The main findings of our study are as follows: (1) fish
oil induces no significant change in either VLDL subfrac-
tion distribution or composition; (2) despite the relevant
reduction in triglycerides (about 45%), supplementation
of fish oil induces no significant change in either distribu-
tion of LDL subfractions or LDL size.

Although the literature is full of studies on the effects
of fish oil on lipid metabolism [10—13], data on VLDL
subfraction distribution—especially in diabetic pa-
tients—are not available. However, since some of the
studies do report a major effect of fish oil on VLDL
triglycerides compared with VLDL cholesterol [33], it has
been postulated that fish oil treatment could lead to an
increase in smaller VLDL [34], which may be more
atherogenic [6]. Our study, instead, indicates, for the first
time, that VLDL subfractions distribution is not affected
by fish oil treatment. These results, together with our
data on lypolitic activities (Table 4) and on the significant
reduction in plasma free fatty acids induced by fish oil
[13], support the hypothesis that fish oil acts principally
by reducing VLDL synthesis [33], and suggest that this
reduction involves the whole particle—not only its
triglyceride content.

A preponderance of small, dense LDL particles has
been reported to be an independent predictor of CV risk
by some, but not all authors [2,35], and is present not only
in NIDDM patients, but also in subjects characterized by
insulin resistance [36]. Moreover, one of the main deter-
minants of smaller LDL particles is represented by the
level of plasma triglycerides, inasmuch as the higher the
level of plasma triglycerides, the higher the percentage of
small LDL and the smaller the size of the predominant
LDL particle [37]. Therefore, since one of the most
consistent effects of fish oil is a reduction in plasma
triglycerides, it is reasonable to expect an increase in LDL
size. Our data on LDL subfraction distribution and,
more specifically, on LDL size do not support this
hypothesis. The data in the literature on this aspect are
rather scanty [38,39] and no studies have been performed
in diabetic patients with hypertriglyceridemia, who are
characterized by a predominance of smaller LDL [7-9]
and in whom, therefore, a shift toward larger LDL could
be very important from a clinical point of view.

Post heparin plasma lipase activities before and after 6 months of fish oil or placebo in hypertriglyceridemic NIDDM patients*

Fish oil (n=6) Placebo (n=7)

Baseline 6 months Baseline 6 months
Lipoprotein lipase (mU/ml) 57.7+12.7 63.4+6.4 51.6 +10.9 53.1+74
Hepatic lipase (mU)/ml) 270.2 4332 280.2 +42.0 261.8 + 34.3 2614+ 33.0

a2 Data are mean + SEM.
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The results of the few studies on this topic are
controversial and, moreover, in the one showing a
significant increase in LDL size [39], this increase is far
from being striking (from 12.42 to 12.58 nm); although
this result could be significant from a statistical point of
view, it is unlikely to be clinically relevant.

The lack of any effect of fish oil on LDL size could
be interpreted in different ways. First, it may be that
the hypotriglyceridemic effect (a 45% reduction) in-
duced by fish oil in our patients is not sufficient to
change LDL size. However, against this point is the
consideration that a smaller or equal reduction in
triglycerides obtained with fibrates was able to signifi-
cantly change LDL size by about 20% [40,41]. More
than to the magnitude of the decrease, importance
could be given to the levels of plasma triglycerides
reached, especially considering that only levels of
plasma triglycerides below 1.3 mmol/l are associated
with a very low formation rate of small LDL [14]. In
our hypertriglyceridemic diabetic patients, fish oil was
indeed able to decrease plasma triglycerides but failed
to fully normalize them. Further studies in patients with
milder hypertriglyceridemia and in whom fish oil is able
to normalize plasma triglyceride levels are needed to
clarify this point.

The most plausible explanation for the lack of effects
of fish oil on LDL size, compared with other hy-
potriglyceridemic agents, could be linked to its particu-
lar mechanism of action. As a matter of fact, fish oil
acts quite exclusively on VLDL synthesis, and does not
seem to have major effects on the VLDL catabolic
pathways [38], as confirmed also by our negative find-
ings on plasma lypolitic activities. Fibrates, instead, act
by both reducing VLDL synthesis and increasing their
catabolism [42,43]. It is possible that if a reduction in
the VLDL pool is not associated with important
changes in the catabolic pathway, especially with regard
to HL activities, the complex mechanism involved in
the regulation of LDL subfraction distribution will not
be sufficiently affected.

Finally, the increase in small LDL is strictly linked to
the level of insulin resistance. We have previously
shown that fish oil is totally unable to modify the level
of insulin resistance in the patients of the present study
[13]. Therefore, the lack of changes in LDL size may
also reflect the inability of fish oil to act on insulin
resistance, considered by many authors to be the com-
mon pathogenetic mechanism of different metabolic
abnormalities, including hypertriglyceridemia and high
levels of small LDL [36,44].

Moreover, our patients present an enrichment in the
cholesterol content of LDL and their subfractions, es-
pecially the smallest ones, after fish oil treatment. This
enrichment is likely to be due to the reduction in VLDL
particles with a subsequent decrease in CETP-mediated
exchange of cholesterol and triglyceride between VLDL

and LDL, as reported to occur in IDDM patients
treated with fish oil [45].

In conclusion, our study shows that in NIDDM
patients with hypertriglyceridemia, the positive hy-
potriglyceridemic effect of fish oil is not associated with
any unfavorable effect on VLDL subfraction distribu-
tion; neither does it improve LDL distribution pattern,
which, instead, would be very useful for these patients,
who are characterized by a predominance of small
LDL.

Acknowledgements

This study was supported in part by Pharmacia,
Farmitalia Carlo Erba, Milan, and in part by a scien-
tific award from the Italian Society of Diabetology and
a grant from the National Research Council (T. P.
95.00893.PF41).We gratefully acknowledge R. Scala for
her linguistic revision, and F. Vitale and M.G. Ferrara
for their expert technical assistance. We are also grate-
ful to Dr B.V. Howard, Medlantic Research Institute,
Washington, DC, USA, for supplying us with calibra-
tors for LDL size measurement.

References

[1] Austin MA, King M-C, Vranizan KM, Krauss RM. Atherogenic
lipoprotein phenotype: a proposed genetic marker for coronary
heart disease risk. Circulation 1990;82:495-506.

[2] Austin MA, Krauss RM. LDL density and atherosclerosis. J Am
Med Assoc 1995;273:115.

[3] Stampfer MJ, Krauss RM, Ma J, Blanche PJ, Holl LG, Sacks
FM, Hennekens CH. A prospective study of triglyceride level,
low-density lipoprotein particle diameter, and risk of myocardial
infarction. J Am Med Assoc 1996;276:882-8.

[4] Gardner CD, Fortmann SP, Krauss RM. Association of small
low-density lipoprotein particles with the incidence of coronary
artery disease in men and women. J Am Med Assoc
1996;276:875-81.

[5] Coresh J, Kwiterovich PO. Small, dense low-density lipoprotein
particles and coronary heart disease risk. A clear association
with uncertain implications. J Am Med Assoc 1996;276:914-5.

[6] Mack W1J, Krauss RM, Hodis HN. Lipoprotein subclasses in the

Monitored Atherosclerosis Regression Study (MARS). Arte-

rioscler Thromb Vasc Biol 1996;16:697—-704.

Lahdenperd S, Syvanne M, Kahri J, Taskinen MR. Regulation

of low density lipoprotein particle size distribution in NIDDM

and coronary disease: importance of serum triglycerides. Dia-
betologia 1996;39:453-61.

Siegle RD, Cupples A, Shaefer EJ, Wilson PWF. Lipoproteins,

apolipoproteins, and low density lipoprotein size among diabet-

ics in the Framingham Offspring Study. Metabolism
1996;45:1267-72.

Singh ATK, Rainwater DL, Haffner SM, Vandeberg JL,

Shelledy WR, Moore PH Jr., Dyer TD. Effect of diabetes on

lipoprotein size. Arterioscler Thromb Vasc Biol 1995;15:1805—

11.

[10] Harris WS. Dietary fish oil and blood lipids. Curr Opin Lipidol

1996;7:3-17.

[7

—

8

_

[9

—



L. Patti et al. / Atherosclerosis 146 (1999) 361-367 367

[11] Malasanos TH, Stacpoole PW. Biological effects of ®-3 fatty
acids in diabetes mellitus. Diab Care 1991;14:1160—79.

[12] Annuzzi G, Rivellese A, Capaldo B, Di Marino L, Iovine C,
Marotta C, Riccardi G. A controlled study on the effects of -3
fatty acids on lipid and glucose metabolism in non-insulin-de-
pendent diabetic patients. Atherosclerosis 1991;87:65-73.

[13] Rivellese AA, Maffettone A, lIovine C, Di Marino L, Annuzzi G,
Mancini M, Riccardi G. Long-term effects of fish oil on insulin
resistance and plasma lipoproteins in NIDDM patients with
hypertriglyceridemia. Diab Care 1996;19:1207—13.

[14] Tan CE, Forster L, Caslake MJ, Bedford D, Watson TDG,
McConnell M, Packard CJ, Shepherd J. Relations between
plasma lipids and postheparin plasma lipases and VLDL and
LDL subfraction patterns in normolipidemic men and women.
Atherioscler Thromb Vasc Biol 1995;15:1839-48.

[15] Superko HR, Krauss RM. Differential effects of nicotinic acid in
subjects with different LDL subclass patterns. Atherosclerosis
1992;95:69-76.

[16] WHO Expert Committee on Diabetes Mellitus: Second report.
Geneva: World Health Organization, 1980:7—14 (Tech Rep Ser,
no. 646).

[17] Italian Fish oil Multicenter Study, Sirtori CR, Paoletti R,
Mancini M, Crepaldi G, Manzato E, Rivellese A, Pamparana F,
Stragliotto E. ®-3 Fatty acids do not lead to an increased
diabetic risk in patients with hyperlipidemia and abnormal glu-
cose tolerance. Am J Clin Nutr 1997,65:1874-81.

[18] Hatch FT, Lees RS. Practical methods for plasma lipoprotein
analysis. In: Paoletti R, Kritchevsky D, editors. Advances in
Lipid Research. London: Academic Press, 1968:1-68.

[19] Redgrave FT, Carlson LA. Changes in plasma very low density
and low density lipoprotein content, composition and size after a
fatty meal in normo and hypertriglyceridemic men. J Lipid Res
1979;20:217-29.

[20] Patti L, Romano G, Di Marino L, Annuzzi G, Mancini M,
Riccardi G, Rivellese AA. Abnormal distribution of VLDL
subfractions in Type 1 (insulin dependent) diabetic patients:
could plasma lipase activities play a role? Diabetologia
1993;36:155-60.

[21] Griffin BA, Caslake MJ, Yip B, Tait GW, Packard CJ, Shepherd
J. Low density lipoprotein subfractions. Atherosclerosis
1990;83:59-67.

[22] Tilly-Kiesi M, Quiping Z, Ehnholm S, Kahri J, Lahdenpera S,
Ehnholm C, Taskinen MR. Apo A-I,.isinki (Lys;0,"0) associated
with reduced HDL cholesterol and Lp A-I:All deficiency. Arte-
rioscl Thromb Vasc Biol 1995;15:1294-306.

[23] Yamone K, Kataoka S, Le N-A, Paidi M, Howard WJ, Hannah
JS, Howard BV. Binding affinity and particle size of LDL in
subjects with moderate hypercholesterolemia: relationship with
in vivo LDL metabolism. J Lipid Res 1996;37:1646—54.

[24] McNamara JR, Campos H, Ordovas JM, Wilson PWF, Schaefer
EJ. Effect of gender, age, and lipid status on low density
lipoprotein subfraction distribution: results of the Framingham
offsprig study. Arterioscler Thromb 1987;7:483-90.

[25] Austin MA, Breslow JL, Hennekens CH, Buring JE, Willet WC,
Krauss RM. Low-density lipoprotein subclass pattern and risk
of myocardial infarction. J Am Med Assoc 1988;260:1917-21.

[26] Staehler F, Gruber W, Stinshoff K, Roeschlau P. Eine praktis-
chgerechte enzymatische Cholesterin-Bestimmung. Med Lab
1977;30:29-30.

[27] Seidel J, Schlumberger H, Klose S, Ziegenhorm J, Wahlefeld
AW. Improved reagent for enzymatic determination of serum
cholesterol. J Clin Chem Clin Biochem 1981;19:838-9.

[28] Wahlefeld AW. Triglycerides determination after enzymatic hy-
drolysis. In: Bergmeyer HU, editor. Methods of enzymatic anal-
ysis, 2nd ed. New York: Academic Press, 1974:1831-74.

[29] Takaiama M, Itoh S, Nagasaki T, Tanimizu I. A new enzymatic
method for determination of serum choline containing phospho-
lipids. Clin Chim Acta 1977;79:93-8.

[30] Grafnetter D. World Heath Organization (WHO) coordinated
quality control in the lipid laboratory. Giorn Arterioscler
1977;2:113-28.

[31] Nilsson-Ehle P, Ekman R. Rapid, simple and specific assays for
lipoprotein lipase and hepatic lipase. Artery 1977;3:194-209.

[32] Snedecor GW, Cochran WG. Statistical methods, 7th ed. Ames:
The Towa State University Press, 1980.

[33] Harris WS, Connor WE, Illingworth DR, Rothrock DW, Foster
DM. Effects of fish oil on VLDL triglyceride kinetics in humans.
J Lipid Res 1990;31:1549-58.

[34] Inagaki M, Harris WS. Changes in lipoprotein composition in
hypertriglyceridemic patients taking cholesterol-free fish oil sup-
plements. Atherosclerosis 1990;82:237-46.

[35] Gardner CD, Fortmann SP, Krauss RM. Association of small
low-density lipoprotein particles with the incidence of coronary
artery disease in men and women. J Am Med Assoc
1996;276:875-81.

[36] Reaven GM, Chen YDI, Jeppesen J, Maheux P, Krauss RM.
Insulin resistance and hyperinsulinemia in individuals with small,
dense, low density lipoprotein particles. J Clin Invest
1993;92:141-6.

[37] Watson TDG, Caslake MJ, Freeman DJ, Griffin BA, Hinnie J,
Packard CJ, Shepherd J. Determinants of LDL subfraction
distribution and concentrations in young normolipdemic sub-
jects. Arterioscler Thromb 1994;14:902-10.

[38] Abbey M, Clifton P, Kestin M, Belling B, Nestel P. Effect of fish
oil on lipoproteins, lecithin:cholesterol acyltransferase, and lipid
transfer protein activity in humans. Arteriosclerosis 1990;10:85—
94.

[39] Suzukawa M, Abbey M, Howe PRC, Nestel PJ. Effects of fish
oil fatty acids on low density lipoprotein size, oxidability, and
uptake by macrophages. J Lipid Res 1995;36:473—84.

[40] Franceschini G, Lovati MR, Manzoni C, Michelagnoli S, Paz-
zucconi F, Gianfranceschi G, Vecchio G, Sirtori CR. Effect of
gemfibrozil treatment in hypercholesterolemia on low density
lipoprotein (LDL) subclass distribution and LDL-cell interac-
tion. Atherosclerosis 1995;114:61-71.

[41] Lahdenperé S, Tilly-Kiesi M, Vuorinen-Markkola H, Kuusi T,
Taskinen MR. Effects of gemfibrozil on low-density lipoprotein
particle size, density distribution, and composition in patients
with type II diabetes. Diab Care 1993;16:584—90.

[42] Nikkild EA, Ylikahri R, Huttunen JK. Gemfibrozil: effect on
serum lipids, lipoproteins, postheparin plasma lipase activities
and glucose tolerance in primary hypertriglyceridemia. Proc R
Soc Med 1976;69(suppl 2):58—63.

[43] Kesdniemi YA, Grundy SM. Influence of gemfibrozil and clofi-
brate on metabolism of cholesterol and triglycerides in man. J
Am Med Assoc 1984;251:2241-6.

[44] Selby JV, Austin MA, Newman B, Zhang D, Quesenberry CP,
Mayer EJ, Krauss RM. LDL subclass phenotypes and the
insulin resistance syndrome in women. Circulation 1993;85:381—
7.

[45] Bagdade JD, Ritter M, Subbaiah PV. Marine lipids normalize
cholesteryl ester transfer in IDDM. Diabetologia 1996;39:487—
91.



