JN THE JOURNAL OF NUTRITION

@ Nirttion and Disease

Docosahexaenoic Acid Supplementation
Decreases Remnant-Like Particle-Cholesterol
and Increases the (n-3) Index in
Hypertriglyceridemic Men'3

Darshan S. Kelley,** David Siegel,” Madhuri Vemuri,* Gloria H. Chung,® and Bruce E. Mackey”’

*Western Human Nutrition Research Center, Agricultural Research Service, USDA and Department of Nutrition, University of California,
Davis, CA 95616; *Veterans Affairs Northern California Health Care System, Sacramento, CA 95655, and Department of Internal
Medicine, University of California Davis, CA 95616; ®Martek Biosciences Corporation, Columbia, MD 21045; and "Western Regional
Research Center, Agricultural Research Service, USDA, Albany, CA 94710

Abstract

Plasma remnant-like particle-cholesterol (RLP-C) and the RBC (n-3) index are novel risk factors for cardiovascular disease.
Effects of docosahexaenoic acid (DHA) supplementation on these risk factors in hypertriglyceridemic men have not been
studied. We determined effects of DHA supplementation on concentrations of plasma RLP-C, the RBC (n-3) index, and
associations between concentrations of plasma RLP-C with those of plasma lipids and fatty acids. Hypertriglyceridemic men
aged 39-66 v, participated in a randomized, placebo-controlled, parallel study. They received no supplements for 8 d and
then received either 7.5 g/d DHA oil (3 g DHA/d) or olive oil (placebo) for the last 90 d. Fasting blood samples were collected
on study d —7, 0 (baseline), 45 (mid-intervention), 84, and 91 (end-intervention). DHA supplementation for 45 d decreased
(P < 0.05) fasting RLP-C (36%) and increased plasma eicosapentaenoic acid (EPA):arachidonic acid (AA) (100%) and the
RBC (n-3) index (109%). Continued supplementation with DHA between d 45 and 91 further increased the RBC (n-3)
index (162 %) and plasma EPA:AA (137 %) compared with baseline values. RLP-C concentration was positively associated
(P < 0.01) with the plasma concentrations of triacylglycerols (Kendall's correlation coefficient or r = 0.46), triacylglycerol:
HDL cholesterol (HDL-C) (r= 0.44), total cholesterol:HDL-C (r=0.26), Apo B (r=0.22), CIll (r=0.41), and E (r=0.17), and
18:1(n-9) (r=0.32); it was negatively associated (P < 0.05) with plasma concentrations of DHA (r= —0.32), EPA (r= —0.25),
HDL-C (r= —0.21), LDL cholesterol:Apo B (r= —0.30), and HDL-C:Apo A (r= —0.25). Supplementation with placebo oil did

not alter any of the response variables tested. Decreased atherogenic RLP-C and increased cardio-protective (n-3) index may

improve cardio-vascular health. J. Nutr. 138: 30-35, 2008.

Introduction

Cardiovascular disease (CVD)® and stroke are the leading causes
of mortality in the United States, accounting for >38% of all
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deaths (1). Elevated total cholesterol (total-C) and LDL choles-
terol (LDL-C), total and small dense LDL particles, and tri-
acylglycerols and low HDL cholesterol (HDL-C) are established
independent risk factors for the development of CVD (1-4).
Additional novel blood lipid markers used as risk factors for
CVD include increased plasma concentration of remnant-like
particle-cholesterol (RLP-C) or remnant lipoprotein cholesterol
(5-8), decreased ratio between plasma eicosapentaenoic acid
(EPA) and arachidonic acid (AA) (9,10), and decreased (n-3) in-
dex [sum of EPA and docosahexaenoic acid (DHA) as a per-
centage of total fatty acid content] of the RBC (11-14). RLP that
are produced from VLDL are the major atherogenic lipoproteins
that can be taken up by macrophages to produce foam cells
without oxidative modification (15). An increase in the ratio
between EPA and AA reduces the inflammatory response (9). An
(n-3) index of <4% was associated with a 10-fold greater risk of
sudden cardiac death compared with an (n-3) index of >7-8%
(12). Thus, plasma RLP-C, the ratio between EPA and AA, and
the RBC (n-3) index are important risk factors for evaluating the
risk for CVD.

0022-3166/08 $8.00 © 2008 American Society for Nutrition.

Manuscript received 6 September 2007. Initial review completed 18 September 2007. Revision accepted 10 October 2007.

1002 ‘T2 Jaquiada uo gi 19S YYH uosjien sineg-elulojifed 1o Aiun e Bio uonunu-ul wolj papeojumoq


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

Diets rich in (n-3) fatty acids have been shown to be cardio-
protective; these diets decreased inflammation, platelet aggre-
gation, cardiac arrhythmias, triacylglycerols, number of total
LDL, and small dense LDL particles and increased the (n-3)
index, endothelial relaxation, and atherosclerotic plaque stability
(12,16,17). Most of the earlier studies regarding the effects of long
chain (n-3) PUFA on blood lipids were conducted with fish oils
that contain a mixture of EPA and DHA. Recently a number of
studies have been conducted with EPA and DHA individually
(18-34). Results from studies with individual fatty acids show
that EPA and DHA have similar effects on some of the lipid
variables, but they are assimilated to different concentrations in
tissues and have different effects on lipoprotein particle size, heart
rate, and blood pressure (27-33). To the best of our knowledge,
the effects of DHA supplementation on the plasma concentra-
tion of RLP-C and the ratio between EPA and AA, and the RBC
(n-3) index in hypertriglyceridemic men (who are at increased
risk for CVD) have not been previously published. Therefore,
the main aim of this study was to examine the effects of DHA
supplementation on the above 3 risk factors. We further deter-
mined the associations between concentrations of plasma RLP-C
and those of plasma lipids and individual fatty acids.

Subjects and Methods

Study design and subjects. The study protocol was approved by the
Institutional Review Boards of the University of California Davis and the
Veterans Administration Medical Center, Mather, CA. It was a double
blind, placebo-controlled, parallel study with 2 metabolic periods:
baseline (first 8 d) and intervention (last 90 d). Group codes were revealed
to the primary investigator and the statistician after sample collection
from all subjects was completed, but the laboratory staff was unaware of
group assignments until all analyses were completed. During the baseline
period, subjects did not receive supplements, whereas during the inter-
vention period, subjects’ diets were supplemented with either placebo or
DHA capsules. The DHA group received 7.5 g/d DHA oil (DHA 3.0 g/d
and no EPA), which is produced in the microalga Crypthecodinium
cohinii (Martek Biosciences). The placebo group received 7. 5 g/d olive
oil. Subjects continued to consume their regular diets and were instructed
not to change their usual diets and activity levels throughout the study.
Prestudy physical characteristics, dietary intake, and fasting blood lip-
ids for men who participated in the study have been reported (35).
All selected subjects had fasting serum triacylglycerol concentrations of
150-400 mg/dL (1.70-4.53 mmol/L), total-C < 300 mg/dL (7.78 mmol/L),
LDL-C < 220 mg/dL (5.69 mmol/L), and BMI between 22 and 35 kg/m?.
Thirty-four men (17 in each group) completed the study, but for the
analyses reported here, we had samples from only 14 subjects in each
group. For the DHA group, all response variables were tested in all
14 subjects; in the placebo group, RLP-C concentrations were analyzed in
14 subjects, but the plasma and RBC fatty acids were analyzed only in
10 and 6 subjects, respectively, because these variables did not change.
For the same reason, we did not analyze the RBC fatty acids composition
in the placebo group at the middle of the study.

Analysis of plasma lipids and plasma and RBC fatty acids. Blood
samples were drawn from subjects after they had fasted for 12 hond —7
and 0 (baseline), d 45 (mid-intervention), and d 84 and d 91 (end of
intervention) into EDTA-containing tubes. Plasma and RBC samples were
prepared, flushed with nitrogen, and stored at —70°C until lipid ex-
traction. Total RBC lipids were extracted using the methods of Bligh and
Dyer (36) and were methylated with 14% BFs/methanol at 100°C for
30 min (37). Butylated hydroxytoluene was added before saponification
and all samples were purged with N, throughout the process to minimize
oxidation. Fatty acid methyl esters were analyzed by GLC using a Hewlett
Packard 6890 equipped with a flame ionization detector. Plasma total
lipids were extracted, transmethylated, and their fatty acids analyzed on
an Agilent 6890 gas chromatograph as previously reported (20,38). We

measured fatty acid concentrations for only the plasma and RBC samples
obtained on study d 0, 45, and 91, which are expressed as a percentage
of the total ug of fatty acids (wt%). Concentrations of lipids and lipo-
proteins were determined in plasma samples prepared on each of the
5 blood draw days as previously reported (35). Fasting plasma RLP-C
concentrations were evaluated using the RLP-C Assay kit distributed by
Polymedco (Cortlandt Manor). The RLP-C assay is a quantitative deter-
mination of cholesterol contained in remnant lipoproteins in the plasma
after removal of the apoB-100 and apo-A1 lipoproteins.

Statistical analysis. SAS version 9.1.3 (SAS Institute 2004, SAS
OnlineDOC 9.1.3) was used for statistical analysis (39). The SAS proc
mixed was used to fit repeated measures, mixed model with a first-order
autoregressive covariance structure among the repeated measures (40).
Diet, time, and the interaction were the fixed effects and subjects within
diets were the random effects. Single degree of freedom contrasts were
used to compare the baseline with the mid- and end-intervention means
within diets using 1-tailed tests; P-values were Bonferroni corrected.
Results shown are the means = SEM. P < 0.05 (P < 0.016 after
Bonferroni correction) is considered significant. Associations between
concentrations of RLP-C with those of plasma lipids and individual fatty
acids were determined by the Kendall’s correlation coefficients (R) using
the data from the DHA group only.

Results

Fatty acid composition of plasma and RBC lipids. At
baseline, the plasma levels (wt%) of none of the fatty acids except
18:2(n-6), 20:3(n-6), and the sum of monounsaturated fatty acids
(MUFA) differed between the 2 groups (Table 1). The plasma
18:2(n-6) wt% was significantly higher and those of 20:3(n-6)
and the sum of MUFA were significantly lower in the DHA group
compared with the placebo group. DHA supplementation
significantly decreased the levels of 20:4(n-6), 22:4(n-6), and
total (n-6) PUFA and significantly increased those of 18:0,20:5(n-
3), 22:6(n-3), and total (n-3) PUFA. The plasma DHA level was
255% greater than at baseline on both d 45 and 91, whereas that
of EPA was 60 and 81% greater on those 2 d, respectively. Plasma
concentrations of 18:1(n-9) and the sum of MUFA decreased (P =
0.002) with DHA supplementation, but the interaction between
time and treatment was not significant (P = 0.056). DHA
supplementation did not alter the wt% of 14:0, 16:0, 18:1(n-7),
18:2(n-6), 18:3(n-3), 20:3(n-6), 22:5(n-6), or total SFA. Contin-
ued supplementation between d 45 and 91 did not cause any
further changes in the levels of any of the fatty acids other than a
significant decrease in total (n-6) PUFA. Supplementation with
the placebo oil did not alter plasma fatty acid composition at
either time point (Table 1).

Presupplementation concentrations of the RBC fatty acids
did not differ between the 2 groups except those of 18:2(n-6),
and 20:4(n-6) (Table 2). Concentration of 18:2(n-6) was sig-
nificantly higher and that of 20:4(n-6) was significantly lower in
the DHA group compared with the corresponding values in the
placebo group. DHA supplementation significantly decreased
the wt% of 20:3(n-6), 20:4(n-6), 22:4(n-6), 22:5(n-6),
22:5(n-3), and total (n-6) PUFA; it significantly increased
concentrations of 16:0, 20:5(n-3), 22:6(n-3), total (n-3) PUFA,
and total SFA. DHA concentrations of RBC lipids were 75%
greater than at baseline on d 45 and 179% greater on d 91 and
those of EPA were 47 and 120% greater on those 2 d,
respectively. Continued supplementation between d 45 and 91
further decreased levels of (n-6) PUFA, 20:4(n-6), 22:4(n-6),
22:5(n-6), and 22:5(n-3) and increased those of 20:5(n-3) and
22:6(n-3). Plasma concentrations of 14:0, 18:0, 18:1(n-9),
18:1(n-7), 18:2(n-6), 18:3(n-3), and the sum of MUFA in the
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TABLE 1 Effect of DHA supplementation on plasma fatty acid
composition in hypertriglycerdemic men'
P-value,
Study day time X
Fatty acid  Treatment 0 45 91 treatment
g/100 g fatty acids
14:0 DHA 124 =010 120=*=010 1.34 = 0.08 0.18
Placebo 137 =008 138 =014 127 =036
16:0 DHA 2143 £ 068 2145+ 064 2199 + 050 0.31
Placebo 2317 =072 2273 =056 22.86 *= 0.61
18:0 DHA 6.19 + 0.18% 659 + 0.15° 656 + 0.17° 003
Placebo 626 = 018 644 =022 620+ 021
18:1(n-9) DHA 2011 =161 1896 = 058 19.68 + 0.54 0.06
Placebo 2359 = 064 2290 =086 23.36 = 0.52
18:1(n-7) DHA 123 +031 124 +022 110026 0.82
Placebo 181 =041 207 =023 168 =035
18:2(n-6) DHA 2834 +0.78 30.17 = 0.91 27.98 = 0.96 0.06
Placebo 2553 + 062 26.10 = 0.50 26.33 *= 0.05
18:3(n-3) DHA 081 =004 0.86 +0.07 0.78 = 0.06 0.77
Placebo 073 =006 071 =£0.06 064 = 0.08
20:3(n-6) DHA 136 =006 114 =005 1.18 = 0.07 0.08
Placebo 165+ 010 167 =012 1.63 = 0.09
20:4(n-6) DHA 573 + 024° 460 = 0.20° 436 = 022* <0.01
Placebo 6.08 =033 641 =029 644+ 036
22:4(n-6) DHA 025 + 0.05° 013 +0.04° 0.10 = 0.03° 0.01
Placebo 0.26 £0.04 029004 024 =004
22:5(n-6) DHA 032 =009 018009 019 =*0.10 0.08
Placebo 032 +£0.07 036 *009 032006
205(-3)  DHA 107 = 015° 171 =026° 194 = 026" 003
Placebo 076 =014 078 =012 074 =012
22:5(n-3) DHA 077 £0.09 075*+012 068 * 012 0.68
Placebo 0.61 £ 0.07 066 =008 057 = 0.05
22:6(n-3) DHA 131 £ 013" 465 = 025° 462 = 032° <0.01
Placebo 105 +011 109 =007 1.14=*014
> SFA DHA 30.60 = 0.91 30.69 = 0.69 31.66 = 0.68 0.13
Placebo 3189 = 0.77 3157 =063 3147 = 0.66
3 MUFA DHA 2565 + 0.73 2285+ 0.64 2350 * 0.66 0.06
Placebo 29.00 = 0.83 28.58 = 0.98 28.44 = 0.55
3, (n-6) PUFA DHA 36.96 + 0.92° 36.81 = 1.01° 34.40 * 1.00° 0.01
Placebo 3474 + (088 3571 = 0.81 3582 = 1.12
> (n-3) PUFA DHA 566 + 1.20° 874 +078° 951 =1.03° <001
Placebo 324 =025 334022 321016

" Data are means = SEM, n = 14 (DHA) or 10 (placebo). Means in a row with
superscripts without a common letter differ, P < 0.05.

DHA group and concentrations of all fatty acids in the placebo
group did not change following fatty acid supplementation.

(n-3) index, EPA:AA, and RLP-C. DHA supplementation for
45 d increased the RBC (n-3) index by 109% and by 162% for
91 d (Fig. 1A). During the same time periods, the ratio between
plasma EPA and AA was 100 and 137% greater, respectively
(Fig. 1B), and plasma RLP-C concentrations were 36 and 21%
lower, respectively (Fig. 1C). Supplementation with the placebo
oil did not alter the RBC (n-3) index, the ratio between plasma
EPA and DHA, or the plasma RLP-C.

Associations between plasma RLP-C, lipids, and fatty
acids. Plasma concentration of RLP-C showed the highest
positive association with the plasma concentration of triacylgly-
cerols, followed by the ratio of triacylglycerol:HDL-C, Apo CIII,
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18:1(n-9), total-C:HDL-C, Apo B, and Apo E (Table 3). The
greatest negative association of RLP-C concentration was with the
plasma concentration of 22:6(n-3), followed by those of LDL-C:
Apo B, 20:5(n-3), HDL-C: Apo A, and HDL-C. Plasma RLP-C
concentration was not correlated with the concentrations of other
plasma lipids and apo proteins (total-C, LDL-C, LDL-C:HDL-C,
Apo Al, lipoprotein a) and fatty acids 18:0, 18:2(n-6), 18:3(n-6),
20:3(n-6), 20:4(n-6), 22:4(n-6), and 22:5(n-6) (not shown).

Discussion

DHA supplementation significantly decreased plasma concen-
trations of RLP-C and increased the RBC (n-3) index and the
ratio between plasma EPA and AA concentrations in hyper-
triglyceridemic men. The decreased plasma RLP-C was mediated

TABLE 2 Effect of DHA supplementation on RBC fatty acid
composition in hypertriglycerdemic men'

P-value,
Study day time X
Fatty acid  Treatment 0 45 91 treatment
g/100 g fatty acid
14:0 DHA 036 +0.04 037 =003 036+ 0.03 0.97
Placebo 0.31 £ 0.02 0.31 = 0.03
16:0 DHA 26.84 = 0.287 27.41 * 0.34%° 27.49 =+ 0.30° 0.02
Placebo  26.45 = 0.60 25.81 = 0.31
18:0 DHA 1185 018 1173 =019 1218 = 0.30 0.77
Placebo  11.97 = 0.27 12.16 = 0.16
18:1(n-9) DHA 16.84 = 0.25 1665 =027 16.89 = 0.31 0.73
Placebo  17.34 = 0.55 17.31 £ 045
18:1(n-7) DHA 205+007 19 =007 1.88 =+ 0.06 0.09
Placebo 2.18 + 0.06 2.16 += 0.08
18:2(n-6) DHA 1411 £ 024 1391 =030 1344 = 0.31 0.91
Placebo  12.96 = 0.48 12.38 + 0.65
18:3(n-3) DHA 021 +£002 020=*001 020+ 0.02 0.90
Placebo 0.16 + 0.01 0.15 + 0.01
20:3(n-6) DHA 173 = 0.08° 1.38 = 0.05° 143 = 0.05* <0.01
Placebo 192 = 0.1 191 £ 0.14
20:4(n-6) DHA 13.00 + 0.27° 1081 = 0.24° 1032 = 0.17%  <0.01
Placebo  14.12 = 0.35 14.68 + 0.40
22:4(n-6) DHA 345 +017° 257 =015 193 =010 <001
Placebo 377 £0.23 383 +0.19
22:5(n-6) DHA 047 +0.04° 027 =002° 016 +002* <001
Placebo 0.49 + 0.03 0.55 + 0.04
20:5(n-3) DHA 055 + 0.06° 081 = 008" 096 +0.10° <0.01
Placebo 0.40 + 0.05 0.44 + 0.03
22:5(n-3) DHA 182 + 006° 123 + 005" 097 +004° <001
Placebo 173 = 0.14 179 = 0.12
22:6(n-3) DHA 291 +022° 643 =026 812 =029 <001
Placebo 247 £ 027 237 £0.20
3 SFA DHA 41.01 = 0277 4118 + 0.36° 42.11 = 0.29° 0.03
Placebo  40.46 = 0.52 40.27 = 042
3, MUFA DHA 2029 =027 1998 =027 1992 +0.27 0.13
Placebo  20.86 = 0.46 21.00 = 061
3, (n-6) PUFA DHA 32.99 = 0.17° 29.70 + 0.52° 27.68 = 0.44% <0.01
Placebo  33.81 = 0.39 33.87 = 0.34
3 (n-3) PUFA DHA 549 + 0.30° 867 = 034" 10.26 = 0.36° <0.01
Placebo 475 + 031 475+ 0.16

" Data are means = SEM, n = 14 (DHA) or 6 (placebo). Means in a row with
superscripts without a common letter differ, P < 0.05.
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FIGURE 1 Effect of DHA supplementation on the RBC (n-3) index

(A), plasma EPA:AA (B), and RLP-C (C) in hypertriglyceridemic men.
Values are means = SEM, n = 14 (DHA) or for placebo, n = 6 (4), 10
(B), or 14 (C). Bars without a common letter differ, P < 0.05. For each
variable, the time X treatment interaction was significant. The (n-3)
index in the placebo group on d 45 was not analyzed, because it had
not changed at the end of the study in this group.

through changes in both plasma lipids and fatty acid composi-
tion; some of the lipids and fatty acids were positively associated
with RLP-C, whereas others were negatively associated (Table 3).
We previously reported that DHA supplementation lowered
fasting and postprandial triacylglycerols by 25-30% in these
subjects (35). Because the RLP-C are produced from the
triacylglycerol-rich chylomicrons and VLDL, the DHA-induced
decreases in plasma RLP-C and triacylglycerols is in good
agreement. Furthermore, blood triacylglycerol concentration
showed the strongest positive association with RLP-C. Negative
associations of RLP-C with the plasma concentrations of EPA
and DHA were anticipated, because both these fatty acids
lowered the plasma triacylglycerols, but the positive association
between plasma concentrations of RLP-C and 18:1(n-9) (r =
0.32; P = 0.003; Table 3) was quite unexpected. DHA supple-
ment provided 1.7 g/d and the placebo supplement provided 5.7
g/d of 18:1(n-9). Despite the small increase in the intake of
18:1(n-9) from the DHA oil, plasma concentrations of this fatty

TABLE 3 Kendall's correlation coefficients between
plasma RLP-C and lipids or fatty acids
in hypertriglyceridemic men taking
DHA supplements'

Lipid or fatty acid R P

Triacylglycerols 0.46 <0.01
Triacylglycerols:HDL-C 0.44 <0.01
18:1(n-9) 0.32 <0.01
Total-C:HDL-C 0.26 <0.01
Apo B 0.22 <0.01
22:6(n-3) -0.32 <0.01
LDL-C:Apo B —0.30 <0.01
20:5(n-3) —0.25 0.02
HDL-C -0.21 <0.01

" Correlation coefficients were calculated between RLP-C and plasma lipids using data
for the DHA group from d =7, 0, 45, 84, and 91, and between RLP-C and plasma fatty
acids using the data for d 0, 45, and 91. Only those variables are listed that showed
significant associations.

acid decreased following DHA supplementation (P = 0.002),
although the day X treatment interaction was not significant (P =
0.058). The positive association between plasma concentrations
of RLP-C and 18:1(n-9) may be due to the reduction of both these
variables by DHA and not by the dietary intake of 18:1(n-9). It
is generally believed that dietary 18:1(n-9) improves the lipid
profile (41); this positive association between plasma 18:1(n-9)
and RLP-C may be viewed as an adverse effect. The decreased
plasma 18:1(n-9) in this case resulted from the altered tissue
metabolism of this fatty acid and not from increased dietary
intake.

Presupplement fatty acid concentrations of the RBC lipids
(Table 2) were quite distinct from those of the plasma lipids.
Concentration of 18:2(n-6) in plasma lipids was twice that
in RBC lipids, whereas concentrations of 18:0, 20:4(n-6),
22:4(n-6), 22:5(n-3), and 22:6(n-3) in RBC lipids were 2 or
more times those of the corresponding concentrations in plasma
lipids (Tables 1 and 2). DHA supplementation significantly
decreased plasma concentrations of 22:5(n-3) (DPA, an interme-
diate in the biosynthesis of DHA), but it did not change DPA
concentration in plasma lipids (Table 1). The decreased RBC
DPA was most likely due to inhibition of the elongase/desaturase
enzymes involved in the synthesis of DHA by the end product
(DHA) (42). An increase in EPA concentrations of both plasma
and RBC lipids may be due to retro conversion of DHA to EPA
(42). The maximum change in plasma fatty acid composition and
RLP-C concentration was attained within the first 45 d of DHA
supplementation, whereas changes in RBC fatty acid continued
for the next 45 d. These associations suggest that plasma and
not RBC fatty acid composition is a better predictor of plasma
RLP-C.

Decreased plasma and RBC (n-6) PUFA and increased (n-3)
PUFA after DHA supplementation in the hypertriglyceridemic
subjects are similar to changes previously reported in other sub-
ject populations (20,23,32,42-44). The increase in the RBC (n-3)
index by 162% in our study is much greater than the increase of
35% observed in another recent study with hypertriglyceridemic
men and women who consumed a mixture of EPA and DHA (1 g/d
for 3 mo) from foods (45). This discrepancy is most likely due to
the differences in the (n-3) fatty acids used, their dose, and source.
The effect of DHA on plasma RLP-C concentration observed in
our study is consistent with that reported with EPA in diabetic
patients (46); our results differ from those of a study with patients
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having metabolic syndrome, in which fish oil supplementation
did not alter the clearance of the stable isotope-labeled remnant-
like emulsions in subjects with visceral obesity (47). This dis-
crepancy may be due to the differences in the characteristics of the
study subjects or the use of different methods (isotope ratio vs.
immunological methods).

The decreased atherogenic RLP-C and increased cardio-
protective (n-3) index caused by DHA may be clinically impor-
tant in reducing the risk for CVD. Results previously published
from this study showed that DHA decreased plasma triacylglyc-
erols and number of total and small dense LDL particles and
increased the concentration of HDL-C and the number of large
LDL and HDL particles (35). Thus, the overall effect of DHA
supplementation to improve cardiovascular health can be quite
significant. Further studies are necessary to determine the min-
imum dose of DHA needed and its effectiveness in human subjects
with other risk factors of CVD.
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