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Purified eicosapentaenoic and docosahexaenoic acids have
differential effects on serum lipids and lipoproteins, LDL particle
size, glucose, and insulin in mildly hyperlipidemic men'-3

Trevor A Mori, Valerie Burke, lan B Puddey, Gerald F Watts, David N O’Neal, James D Best, and Lawrence J Beilin

ABSTRACT hexaenoic acid (DHA; 22:6n3), have a wide range of biolog-
Background: Regular consumption of-n3 fatty acids of marine ical effects (1-3). Those relevant to heart disease include
origin can improve serum lipids and reduce cardiovascular riskinfluences on lipoprotein metabolism (4, 5), platelet and
Objective: This study aimed to determine whether eicosapenendothelial function, vascular reactivity, neutrophil and mono-
taenoic (EPA) and docosahexaenoic (DHA) acids have differeyte cytokine production, coagulation, fibrinolysis, and blood
ential effects on serum lipids and lipoproteins, glucose, angressure (1-3, 6, 7). In addition, the effect effatty acids
insulin in humans. may be dependent, to some extent, on the presence of underly-
Design:In a double-blind, placebo-controlled trial of parallel ing disorders such as dyslipidemia, hypertension, diabetes
design, 59 overweight, nonsmoking, mildly hyperlipidemic mellitus, and vascular disease.
men were randomly assigned to receive 4 g purified EPA, n—3 Fatty acid supplementation in animals and humans
DHA, or olive oil (placebo) daily while continuing their usual results in substantial increases in plasma and tissue EPA and
diets for 6 wk. DHA as well as variable incorporation in different phospholipid
Results: Fifty-six men aged 48.& 1.1 y completed the study. classes in different tissues (8—-10). These differences may be
Relative to those in the olive oil group, triacylglycerols fell by important to the subsequent utilization and metabolism of EPA
0.45% 0.15 mmol/L (=20%; P = 0.003) in the DHA group and and DHA. Although both fatty acids are considered to be bio-
by 0.37+ 0.14 mmol/L (=18%; P = 0.012) in the EPA group. logically active, most studies have focused on the relative impor-
Neither EPA nor DHA had any effect on total cholesterol. LDL,tance and effects of EPA, primarily because of its predominance
HDL, and HDL, cholesterol were not affected significantly by in marine oils and fish species. The recent availability of purified
EPA, but HDL; cholesterol decreased significantly (6.7%; EPA and DHA, however, has enabled studies of the independent
P = 0.032). Although HDL cholesterol was not significantly biological effects of these fatty acids.
increased by DHA (3.1%), HD\cholesterol increased by29% Evidence from in vitro studies suggests differential effects of
(P=0.004). DHA increased LDL cholesterol by 8% 0.019). @ EPA and DHA (11, 12). In vitro (13) and animal (10, 14, 15)
Adjusted LDL particle size increased by 0.250.08 nm  studies have also suggested that EPA may be primarily responsible
(P = 0.002) with DHA but not with EPA. EPA supplementation for the hypotriglyceridemic effect of-n3 fatty acids. Rambjor et
increased plasma and platelet phospholipid EPA but reduceal (16) concluded that EPA is responsible for the triacylglycerol-
DHA. DHA supplementation increased DHA and EPA in plasmalowering effect of fish oils in humans, but their study had small
and platelet phospholipids. Both EPA and DHA increased fastingumbers of subjects and was of short duration. In contrast, a
insulin significantly. EPA, but not DHA, tended to increase fast-hypotriglyceridemic effect of DHA was shown in healthy sub-
ing glucose, but not significantly so. jects (17) and in patients with combined hyperlipidemia (18).
Conclusions: EPA and DHA had differential effects on lipids,
fatty acids, and glucose metabolism in overweight men with milc
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Grimsgaard et al (19) reported that EPA and DHA have similadays and 1 weekend day) was completed by the volunteers at
triacyglycerol-lowering effects compared with corn oil placebo.baseline and postintervention.
However, DHA significantly increased HDL cholesterol, whereas
EPA significantly lowered both total cholesterol and apolipopro-
tein (apo) A-l concentrations (19). Neither fatty acid altered Alcohol intakes, physical activities, and any medications
LDL-cholesterol concentrations significantly. taken were monitored every second week during the intervention
Possible benefits of n3 fatty acids have to be weighed by using 7-d retrospective diaries. Weight was measured every
against the potential for impairment of glycemic control, partic-second week with an electronic scale.
ularly in patients with type 2 diabetes (20-23). However, studies . ) )
in healthy subjects, in patients with dyslipidemia (24), and in>€"Um lipids, glucose, and insulin
patients with untreated hypertension (25) showed no adverse Fasting serum lipids, lipoproteins, glucose, and insulin were
effects of -3 fats on plasma glucose concentrations. To oumeasured twice at baseline and twice at the end of the interven-
knowledge, there have been no studies in which the effects difon. Serum glucose was measured with an automated Technicon
pure EPA were compared with those of DHA on indexes of gluAxon Analyzer (Bayer Diagnostics, Sydney, Australia) by using a
cose and insulin metabolism in humans. hexokinase method within 12 h of collection. The assay precision
In view of the increasing use of+8 fatty acids in the diet as for serum glucose at 4.9 mmol/L was 3.1%. Serum insulin was
food additives or as therapeutic substances, it is important tmeasured by radioimmunoassay with an automated immunoassay
determine the extent of any differential effects of EPA and DHA.analyzer (Tosoh Corporation, Tokyo). The CV for serum insulin
This study examined the independent effects of EPA and DHAat 21 and 102 pmol/L was 14.0% and 8.0%, respectively. The pre-
on fatty acid and lipid metabolism, as well as on fasting glucoseision in the range of 234—-720 pmol/L was 7.0%.
and insulin concentrations. The study also aimed to determine Serum total cholesterol and triacylglycerols were determined
whether EPA and DHA differ in their effects on HDL-cholesterol enzymatically on the Cobas MIRA analyzer (Roche Diagnostics,
subfractions and LDL patrticle size. Basel, Switzerland) with reagents from Trace Scientific (Mel-
bourne). The assay CVs were 2.2% at 4.2 mmol/L and 1.4% at
10.5 mmol/L for total cholesterol, and 1.6% at 4.0 mmol/L and
SUBJECTS AND METHODS 2.5% at 1.2 mmol/L for triacylglycerol. HDL cholesterol was
determined on a heparin-manganese supernate (26); the CV at
1.1 mmol/L was 1.9%. HDLand HDL, cholesterol were deter-
Mildly hypercholesterolemic but otherwise healthy, non- mined by using a single precipitation procedure (27). LDL cho-
smoking men aged 20-65 y were recruited from the generdésterol was calculated by using the Friedewald formula (28).
community by media advertising. Entry criteria included a serunSerum for the analyses of lipids, lipoproteins, and insulin was
cholesterol concentration >6 mmol/L, a triacylglycerol concen-snap-frozen in liquid nitrogen and stored-at80°C. Samples
tration >1.8 mmol/L, or both; a body mass index (BMI; in k§/m obtained at baseline and at the end of the intervention were
between 25 and 30; and no recent (previous 3 mo) symptomatineasured in a single assay to minimize interassay variation.
heart disease, diabetes, or liver or renal disease (plasma creatinine . )
>130mol/L). None of the subjects were regularly taking nons--PL Particle size
teroidal antiinflammatory, antihypertensive, or lipid-lowering  LDL particle size was determined from LDL isolated by verti-
drugs or other drugs known to affect lipid metabolism. All of thecal density-gradient ultracentrifugation of 4 mL plasma collected
men had a usual weekly consumption of not more than one fisimto EDTA (29). LDL particle diameter was determined by using
meal and drank <210 mL ethanol/wk. Fifty-nine of the 136a previously published method (30, 31) with use of commercially
subjects screened satisfied the entry criteria. The study wasvailable 3-13% nondenaturing native gels (Gradipore, Sydney,
approved by the ethics committee of the Royal Perth Hospital an8lustralia). Markers used were 28-nm latex beads (Duke, Palo
all subjects gave written consent. Alto, CA) and high-molecular-weight standards (Pharmacia, Pea-
pack, NJ). Gels were scanned by Tracktel video densitometry
(Vision System Ltd, Adelaide, Australia) to provide a quantitative
All subjects maintained their usual diets and alcohol intakegstimate of the dominant peak size. Particle diameter was
during a 3-wk familiarization period. Baseline measurementobtained from a standard curve of the logarithm of the diameter
were collected and the men were stratified for age and BMof the standards (latex beads, 28 nm; thyroglobulin, 17 nm; and
before being randomly assigned to 1 of 3 groups: 4 g daily oferritin, 12.2 nm) against their positions on the scanned gel. A sta-
EPA, DHA, or olive oil (placebo) capsules for 6 wk. Capsulestistical package was used to derive a regression equation that
contained either purified preparations of EPA ethyl esterallowed test samples to be sized. The CV of a 26.1-nm quality-
(=96%), DHA ethyl ester£92%), or olive oil £75% oleic acid control sample run on every gel was 0.8%.
ethyl ester). All participants were instructed to maintain their . .
usual diets, alcohol intakes, and physical activities, and not t§'asma and platelet phospholipid fatty acids
make any changes to their lifestyle throughout the intervention Plasma (1 mL) and washed platelets prepared from blood col-
period. lected into EDTA were extracted with chloroform:methanol (2:1
At an initial interview, subjects were given written and verbalby vol, 5 mL). The phospholipid fraction was obtained from total
instructions by a dietitian on how to keep diet records, with foodipid extracts by thin-layer chromatography by using a solvent
weighed or measured. The same dietitian monitored the dietagystem of hexane:diethyl ether:acetic acid:methanol (170:40:4:4,
intake of all the volunteers at 2-wk intervals and ensured thaby vol) on silica gel 60 f,-precoated aluminum sheets (Merck,
usual eating habits were maintained. A 3-d diet record (2 weekDarmstadt, Germany). Fatty acid methyl esters were prepared by

Lifestyle assessment and anthropometry

Study population

Dietary education and intervention
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TABLE 1 tion. The changes in plasmgigure 1) and plateletKigure 2)
Characteristics of participants in the 3 groups at baseline phospholipid fatty acids in each group indicated compliance

Olive oil (control) EPA DHA with capsule intake. There were no significant changes in fatty

(n = 20) (n=19) (n=17) acid composition in the control group.
Age (y) 48.4x 2.0 48.9+ 1.7 49.1+ 2.2 Plasma fatty acids
Body weight (kg) 88.% 2.0 89.1+ 2.3 90.8+ 2.8 . o
BMI (kg/m2) 28.4+05 20.0+0.7 28.9+ 0.7 In plasma phospholipids, EPA supplementation increased EPA
Waist-to-hip ratio 0.94 0.01 0.93t 0.01 0.94:0.01 by 494% P < 0.01) and docosapentaenoic acid (DPA; 22:3n
by 87% P < 0.01), without significantly changing DHA (9%

1X + SEM. There were no significant differences by one-way ANOVA. .
EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. change; NS). In the DHA group, DHA and EPA increased by 167%

(P < 0.01) and 52% (NS) respectively, whereas DPA was not
affected significantly. Oleic acid (18:319) concentrations were
treating phospholipid extracts with 4%,$0, in methanol at significantly decreased by both EPA (by 1124 0.01) and DHA
90°C for 20 min and analyzed by gas-liquid chromatography(by 11%; P < 0.01) supplementation. There was a significantly
with a model 5980A gas chromatograph equipped with a 3393Aarger f < 0.01) decrease in linoleic acid (18:28) in the EPA
computing integrator (Hewlett-Packard, Rockville, MD). The group (by 21%;P < 0.01) than in the DHA group (by 12%,;
column was a BPX70 (25 ¢ 0.32 mm, 0.25zm film thick- P < 0.01). EPA and DHA decreased arachidonic acid (2063n
ness; SGE, Ringwood, Australia) with a temperature pro-y 25% (P < 0.01) and 22% (P < 0.01), respectively, and decreased
grammed from 150 to 22C at £C/min and with nitrogen as the 20:3n—6 by approximately the same extent, 36% (P < 0.01) and
carrier gas at a split ratio of 30:1. Peaks were identified by com28% P < 0.01), respectively.
paring them with a known standard mixture. Individual fatty .
acids were calculated as a relative percentage with the evaluatg&melet fatty acids
fatty acids set at 100%. EPA supplementation significantly increased platelet phospho-
lipid EPA by 370% P < 0.01) and DPA by 56%P(< 0.01), but
also significantly decreased DHA by 28% (P < 0.01). DHA sup-
Diet records were analyzed by using DIET/1 (version 4;plementation significantly increased DHA by 155% < 0.01)
Xyris, Brisbane, Australia), which is based on the Australianand EPA by 54% (NS). DPA, however, unlike in plasma phos-
Food Composition Database NUTTAB 1995A (32). Data werepholipids, decreased significantly by 34% € 0.01). Both EPA
analyzed by using SPSS (SPSS Inc, Chicago) with general lirand DHA significantly decreased stearic acid (18®)(0.01),
ear models to assess the effects of EPA or DHA relative to thethereas only EPA decreased 20:3n(by 25%;P < 0.01). Sim-
olive oil group. Significance levels were adjusted for multipleilar to plasma phospholipids, 20:46 decreased significantly
comparisons by using the Bonferroni method. Values arenore @ < 0.01) after EPA (by 15%, < 0.01) than after DHA (by
reported as meansSEMSs. 7%; P < 0.01).

Statistical analysis

Serum lipids

RESULTS There were no significant differences in fasting serum lipids
at baseline between groups (Table 2). Changes in fasting lipids
and lipoproteins are shown Figures 3and4. There were no

Fifty-six of the 59 subjects completed the study. Two subjectsignificant changes in lipids with olive oil supplementation. Nei-
withdrew because they were unable to maintain the schedule tier EPA nor DHA supplementation had an effect on serum total
laboratory visits and one subject withdrew because of gastroircholesterol concentrations. After adjustment for baseline values,
testinal symptoms. Baseline characteristics of the 3 groups coffasting triacylglycerols decreased significantly by 18.4% with
firmed that they were well matched for the entry critefeb(e 1 EPA (P=10.012) and by 20% with DHAR(= 0.003), relative to
andTable 2). the placebo group. Serum LDL cholesterol increased signifi-
cantly with DHA (by 8%; P= 0.019), but not with EPA (by
3.5%; NS). In the EPA group, the nonsignificant 3% decrease in

Evidence of adherence to the diets was from analysis of di¢dDL cholesterol was attributable to a significant 6.7% reduction
records and capsule counts. There was no significant differende HDL, cholesterol P = 0.032) and no change in HRtholes-
in body weight between the groups at baseline (Table 1) and rterol. A small, albeit nonsignificant increase (3.1%) in HDL cho-
significant change during the intervention. Weight changes in théesterol after DHA supplementation was due to a significant
3 groups were as follows: 0.2, 0.2, and 0.3 kg in the controlincrease (29%) in the HDtcholesterol subfractiorP(= 0.004)
EPA, and DHA groups, respectively. Analysis of diet recordswith no significant change in the HRicholesterol subfraction.
indicated that total energy and major macronutrient intakes were . )
not significantly different between groups at baselifable 3) DL particle size
and did not change significantly in any of the groups during the LDL particle size was not significantly different between
intervention. Alcohol drinking and physical activity were groups at baseline (Table 2). Neither olive oil nor EPA had a
unchanged during the intervention in all groups. significant effect on LDL particle size, whereas DHA supple-
mentation significantly increased LDL particle siZ= 0.002)
after adjustment for baseline values (Table 2 Bigdire 5). At

At baseline, there were no significant differences betweermaseline, LDL particle size was inversely correlated with triacyl-
groups in plasma and platelet phospholipid fatty acid composiglycerol { = —0.58,P < 0.0001) and positively correlated with

Study population
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TABLE 2
Fasting serum lipids, glucose, and insulin at baseline and postintervention in the 3 groups
Olive oil (control) EPA DHA Treatment effectR)?
(n=20) (n=19) (n=17) EPA DHA
Cholesterol (mmol/L)
Baseline 6.4%0.21 6.20+ 0.20 6.18+0.18
Postintervention 6.22 0.10 6.16+ 0.11 6.34+ 0.11 —0.06+0.15 0.11+ 0.15
(NS) (NS)
Triacylglycerols (mmol/L)
Baseline 2.040.19 2.01+0.19 2.25+ 0.40
Postintervention 1.9%50.10 1.58+0.10 1.50+0.11 -0.37+0.14 —0.45+0.15
(0.012) (0.003)
LDL cholesterol (mmol/L)
Baseline 4.4%0.19 4.28+0.19 4.27+0.17
Postintervention 4.3% 0.09 4.46+ 0.10 4.64+ 0.10 0.15+£ 0.13 0.34£0.14
(NS) (0.019)
LDL particle size (nm)
Baseline 25.6& 0.14 25.64+ 0.09 25.69+ 0.11
Postintervention 25.72 0.05 25.69 0.05 25.96+ 0.06 0.03+ 0.07 0.25+ 0.08
(NS) (0.002)
HDL cholesterol (mmol/L)
Baseline 1.120.07 1.00+ 0.04 0.96+ 0.04 o
Postintervention 1.02 0.02 0.99+ 0.02 1.05+ 0.02 —0.03+£0.03 0.03£ 0.03 g
(NS) (NS) 2
HDL, cholesterol (mmol/L) 2
Baseline 0.3% 0.05 0.25+ 0.02 0.24+ 0.03 2
Postintervention 0.26 0.02 0.27+ 0.02 0.33+0.02 0.01+ 0.02 0.07+ 0.02 )
(NS) (0.004) 3
HDL, cholesterol (mmol/L) 2.
Baseline 0.8G0.03 0.74+ 0.03 0.72+ 0.03 g
Postintervention 0.76 0.01 0.72+ 0.02 0.72+ 0.02 —0.05+ 0.02 —0.04+0.02 =
(0.032) (NS) =
Glucose (mmol/L) g
Baseline 4,95+ 0.12 5.03+ 0.09 5.15+0.13 a
Postintervention 5.03+ 0.08 5.24+0.08 5.08+ 0.09 0.21+0.11 0.05%0.12 g
(0.062) (NS) Q
Insulin (pmol/L) o
Baseline 9.79+1.24 8.78+0.83 9.59+ 0.99 o
Postintervention 8.76x 0.51 10.34+ 0.52 11.38 0.55 1.58+0.73 2.62+x0.74 2
(0.035) (0.001) §

1X + SEM. There were no significant differences between the 3 groups at baseline (by one-way ANOVA). Postintervention values were not adjus@d
EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

2A general linear model was used to assess treatment effects on postintervention values adjusted for baseline values. Data represent the chanEe
P values for each of the 2 treatment groups relative to the olive oil group.

HDL-cholesterol = 0.62, P < 0.0001) concentrations. The adjustment for baseline values, there was a trend toward
change in LDL particle size from baseline to postinterventionincreased fasting glucose concentrations with BPA 0.062),
was inversely correlated with the change in triacylglycerolsbut not with DHA (NS), relative to the control group. Both EPA
(r = —0.35,P = 0.009) and positively correlated with the changeand DHA significantly increased fasting insulin, by 18%
in HDL cholesterol ( = 0.28,P = 0.035). In regression analysis, (P = 0.035) and 27%R = 0.001), respectively. DHA supple-
DHA supplementation remained the strongest independent preaentation also significantly decreased the glucose-insulin ratio
dictor of postintervention LDL particle size (adjusfd= 0.776, by 0.13+ 0.05 (P= 0.018).
P = 0.002) after adjustment for baseline values and for the change
in LDL particle size (adjuste®? = 0.216,P = 0.023). DHA sup-
plementation remained significant in regression models, whicfP!SCUSSION
included changes in serum triacylglycerols and other lipids. This study addressed whether purified EPA and DHA have
different effects on serum lipids and lipoproteins, LDL particle
size, glucose, and insulin in mildly hyperlipidemic men. We
At baseline there were no significant differences betweeriound that DHA, but not EPA, improved serum lipid status, in
groups in fasting serum glucose or insulin concentration (Table 2particular a small increase in HDL cholesterol and a significant
Postintervention, however, there were significantly differentincrease in the HDJ-cholesterol subfraction, without adverse
responses between the EPA and DHA groupgure 6). Olive effects on fasting glucose concentrations. Neither EPA nor
oil did not change either fasting glucose or insulin. AfterDHA affected total cholesterol and both fatty acids reduced

Glucose and insulin
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TABLE 3 triacylglycerols and increased fasting insulin concentrations to
Total energy and macronutrient intakes at baseline and changes during tigesimilar extent. DHA supplementation significantly increased
intervention in the 3 groups LDL cholesterol; however, this was associated with an increase
Olive oil (control)  EPA DHA in LDL particle size, which may represent a shift to a less
(n=20) (n=19) (n=17) atherogenic LDL particle.

Total energy intake (KJ/d) Altho_ugh numerous_st_udles have examlr_led t_he effect& n
Baseline 10441+ 588 9516+ 677 10550+ 588 fatty acids on serum lipids, glucose, and insulin (1-5, 20-22),
Change —471+ 497 82+ 844  —188+421 few have assessed the independent effects of EPA and DHA. In

Total fat (% of energy) vitro, both EPA (13, 33-35) and DHA (13, 35, 36) inhibit tri-
Baseline 34.2+1.2 30.9+1.6 32.6+1.6 acylglycerol synthesis and secretion. In rats, EPA lowered tri-
Change -0.4+13 2.8+ 1.6 23+t1.2 acylglycerols, whereas DHA lowered cholesterol (10, 14, 15).

Fatty acids (% of energy) These studies, however, used very high doses (1-2"§-d&d)
Saturated fat of fatty acids, equalling 12—24 g/d in humans.

Baseline 13608  12.1+09 13.6+0.9 In humans, n-3 fatty acids reduce triacylglycerols (4, 5, 37),

Change 00£06 1209 08+1.0 with more variable effects on total cholesterol, LDL cholesterol,
Monounsaturated fat . e

Baseline 122406 111408 115+ 0.7 and HDL cholesterol (4, 5). These contradictory findings may be

Change 02406 1.4+ 0.8 0.3+ 0.6 explained, in part, by variations in the amount effatty acids
Polyunsaturated fat consumed, the manner in which they are presented (fish, fish oils,

Baseline 50+0.3 42+0.3 46+0.2 or purified oils), and the lipoprotein phenotype of the patients.

Change 0.0+0.4 0.2+ 0.4 0.9+ 0.5 Our own studies have shown that the background dietary fat

Protein (% of energy) intake influences serum lipid responses te3rfatty acids (37).
Baseline 18.0+ 0.5 19.8+ 0.9 18.1+ 0.6 Trials in humans using mixtures enriched in EPA and DHA
Change —-05:£06 -09:08 0.1£0.7 have suggested different effects of the 2 fatty acids on serum

Carbohydrate (% of energy) lipids (38, 39). In a placebo-controlled study, 4 g EPA/d reduced
Baseline 42.1x1.7 4.6+ 1.7 41.8+18 triacylglycerols by 35% (40). It was also shown in a single-blind
Change 19+16 -1.0+15 -12+14 )

Fiber (g/d) crossover st_udy that EPA reduced triacylglycerols and VLDL
Baseline 30.8+ 2.9 27.4+ 1.8 26.1+ 1.1 cholesterol, increased LDL cholesterol and HDL cholesterol, but
Change ~33+23 -28+21 —-01+1.7 had no effect on total cholesterol (16). DHA did not affect cho-

1% + SEM. Baseline measures were compared by one-way ANOVA. AIesterol, triacylglycerol_s, VLDL cholesterol, LDL cholesterol, or
general linear model was used to test for treatment effects on postinterveh_'—DL cholesterol, but increased the HpthOIGSI_eml subfrac-
tion values adjusted for baseline value. There were no significant differtion and reduced the HQicholesterol subfraction (16). That
ences between the groups in any of the dietary nutrients at baseline and 8#1dy, however, had only a small number of subjects in the DHA
significant changes during the intervention. EPA, eicosapentaenoic aci@jroup, was short in duration, and included only a 2-wk washout
DHA, docosahexaenoic acid. period between treatments (16).

*

APlasma phospholipid fatty acids (%)

b= ol
t
-6
7 E Treatment effect (P) *
-8 ] NS 0.010 NS 0.001 <0.0001  <0.0001 <0.0001  <0.0001 NS <0.0001 <0.0001

16:0 16:1n—7  18:0 18:1n-9 18:2n-6 20:3n—6 20:4n—-6 20:5n-3 22:4n—-6 22:5n-3 22:6n-3

FIGURE 1. Mean (¥SEM) changes in plasma phospholipid fatty acids from baseline to the end of the intervention in the olive oil (co20p|;
eicosapentaenoic acid (EPA= 19), and docosahexaenoic acid (DHAs= 17) groups. ANOVA was used to assess treatment eff&itmificantly
different from the olive oil group? < 0.01.'Significantly different from the EPA group, < 0.01.
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-5 Treatment effect (P) f .
6 NS 0.011 NS NS <0.0001 <0.0001 <0.0001 NS <0.0001 <0.0001

16:0 18:0 18:1n-9 18:2n-6 20:3n—-6 20:4n—6 20:5n-3 22:4n-6 22:5n-3 22:6n-3

FIGURE 2. Mean ¢ SEM) changes in platelet phospholipid fatty acids from baseline to the end of the intervention in the olive oil (cor2®];
eicosapentaenoic acid (EPA= 19), and docosahexaenoic acid (DHAs= 17) groups. ANOVA was used to assess treatment eff&itmificantly
different from the olive oil group? < 0.01.'Significantly different from the EPA group, < 0.01.

Several reports have described the effects of DHA suppleterol because both fatty acids increased the ratio of HDL choles-
ments on serum lipids in humans. Nelson et al (17), in a singleerol to apo A-l. DHA increased HDL cholesterol and EPA
blind study of healthy men, compared the effects of 6 g DHA/ddecreased apo-Al, suggesting an increased surface-to-core
with those of a control diet. They reported that after 90 d totatatio of the HDL particle and a redistribution of the HDL sub-
cholesterol, LDL cholesterol, apo A-1, apo B, and lipoprotein(a)classes toward the larger HDparticles (41). The mechanisms
were unchanged, whereas triacylglycerols decreased and HDy which DHA increases HDL cholesterol are not known, but
cholesterol increased. Similarly, in patients with combinedmay be related to alterations in lipid transfer protein activity,
hyperlipidemia, Davidson et al (18) compared the effects of 1.2%hich decreases after+8 fatty acid supplementation (41). In
and 2.5 g DHA/d with those of a vegetable-oil control andepidemiologic terms, the increase in HPptholesterol could
showed that DHA reduced triacylglycerols significantly. Thehave a marked effect on the incidence of cardiovascular dis-
higher dose of DHA was also associated with a significantase, given that HDLcholesterol may be the subfraction of
increase in LDL cholesterol. HDL cholegerol that may be most protective against coronary

In another study, healthy, nonsmoking men were suppleheart diseasgt?2).
mented daily with 4 g EPA, DHA, or corn oil for 7 wk (19). Both  Although the LDL-cholesterol concentration increased after
EPA and DHA reduced triacylglycerols, by 21% and 26%,EPA and DHA intakes, the increase was significant only after
respectively. In the present study, the same dose of EPA arl@HA. The increased LDL-cholesterol concentration may relate
DHA for 6 wk reduced triacylglycerols by 18% and 20%, respec-o the hypotriglyceridemic effects of these fatty acids (43)3n
tively. We observed no significant effect of EPA or DHA on total Fats reduce hepatic VLDL synthesis, VLDL secretion, or both
cholesterol. In contrast, Grimsgaard et al (19) reported increasedith the result that the smaller VLDL particles formed are more
total cholesterol with EPA. The difference in results between theeadily converted to LDL than are the larger VLDL particles
2 studies may have been due to differences in the baseline ser#4). Smaller VLDL particles can also compete with LDL for
lipid concentrations of the subjects. uptake by LDL receptors. A down-regulation of the LDL recep-

It has been suggested that serum HDL cholesterol is bettéor has been reported in some but not all studies (43).
maintained with DHA-enriched than with EPA-enriched oils LDL particle size increased significantly with DHA supple-
(38). The present data and previous findings (19) support thisientation, a result that might be expected to contribute to a
hypothesis. We observed that the increase in HDL cholesteroéduction in atherogenic risk. Ours is the first report showing a
was due to a 29% increase in Hholesterol. Increased HQL  specific effect of DHA on LDL particle size, although others have
cholesterol was reported previously by our group after daily conshown increased LDL particle size after 3 fatty acid supple-
sumption of fish or fish oils by subjects with type 2 diabetes omentation (45, 46). Small, dense LDL particles are associated
at risk of heart disease (23, 37). In contrast, Grimsgaard et alith an increased risk of coronary artery disease (47) and an
(19) surmised that both EPA and DHA increase Hbholes- increase in plasma triacylglycerol concentrations (48). Both
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0.5 glycerol lowering by EPA and DHA, our results may be related
0.4 to a more pronounced effect of DHA on CETP activity.
R Olive oil supplementation did not alter plasma or platelet phos-
TE: 0.2_; pholipid oleic acid and other fqtty acid concentration;; thgrefore,
E, 1_5 its use as a placebo was justified (5). Supplementation with EPA
R increased plasma and platelet phospholipid EPA and DPA con-
8 07 centrations, whereas the concentration of DHA was decreased.
301 _—T F These findings can be explained by the inhibitofgatfof EPA on
§-O-Z§ AS-desaturase, which converts DPA to DHB0), and confirm
<-0.34 results of previous studies that humans do not synthesize DHA
-0.4 from EPA unless, perhaps, the EPA concentration is high (19).
-0.5-
Olive oil EPA DHA
05- _ 0.19
5 04 g 2%
3 0.3 o 0067
£ 02 g 004
S 01 s 00
% 04 g O_i
5 -0.2 5 -0.04+
3 o0]
< -0.4 < TR
-0.5- Bl
Olive oil EPA DHA Olive ail EPA DHA
0.2 013
—_ ] 5 0.084 t
3 Oi_? =§ 0.06-
E _0_2_3 é 0.04
~ ] o 0.024
8704 g2 o]
$ -06- 2 -o.ozv;_F I
N T G -0.04-
g 087 2 -0.06-
'2 —1~5 + 345 —0.08—E
1.2- -0
Olive oil EPA DHA Olive oil EPA DHA
FIGURE 3. Mean ¢ SEM) changes in serum total cholesterol, LDL 0.1+
cholesterol, and triacylglycerols from baseline to the end of the inter- —_ ]
S . ’ ; . . o 0.084
vention in the olive oil (controln = 20), eicosapentaenoic acid (EPA; 3 ]
n=19), and docosahexaenoic acid (DHAs 17) groups. A general lin- g 0064
ear model was used to assess treatment effects on postintervention v E 0.044
ues adjusted for baseline valugtSignificantly different from the olive e 0.024
oil group:"P < 0.05,'P < 0.01. % O__T
‘i’ -0.04
triacylglycerols and HDL cholesterol are major determinants of a -0.06-
LDL particle size (49), partly because the exchange of tri- T .0.08- *
acylglycerols from VLDL for cholesterol ester in LDL, which is -0.1-
mediated by cholesteryl ester transfer protein (CETP). It is pos Olive oil EPA DHA

sible that as serum triacylglycerols decrease afte3 fatty acid
supplementation, fewer triacylglycerols are transferred to LDL
PP ¢ yigy . - HDL; cholesterol from baseline to the end of the intervention in the
by CETP, reducing the formation of triacyglycerol-enriched .. . - ) : . -
. . . . e olive oil (control; n = 20), eicosapentaenoic acid (EPA= 19), and
LDL, which m'n'm'zeslthe opportunity for I'pppmtem,“pase to docosahexaenoic acid (DHA&; = 17) groups. A general linear model
convert large LDL particles to small LDL particles. This hypoth- yas used to assess treatment effects on postintervention values adjusted

esis is supported by reports of reduced CETP activity aft@& n  for baseline values:'Significantly different from the olive oil group:
fatty acid supplementation (41). Given the similarity in triacyl- *P < 0.05,"P < 0.01.

FIGURE 4. Mean ¢SEM) changes in serum HDL, HDLand
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05 hepatic insulin secretion more than does DHA. Further studies
are required to resolve these issues.
T 0.4-] N In summary, this study showed differential effects of EPA and
% ] DHA on serum lipids, plasma and platelet fatty acids, and fasting
S 0.3 glucose concentrations in mildly hypercholesterolemic but other-
o wise healthy men. We showed retroconversion of DHA to EPA, but
-.g ] not elongation of EPA to DHA. Both EPA and DHA decreased tri-
g 027 acylglycerols and increased fasting insulin. Only DHA increased
a HDL cholesterol, particularly the HDLsubfraction. Despite an
= 014 increase in LDL cholesterol after DHA supplementation, LDL par-
:i ticle size increased—a finding that may be favorable. Furthermore,
0 EPA but not DHA increased fasting glucose concentrations.
Olive oil EPA DHA These findings may help clarify which of the-8 fatty acids

) . ) is responsible for the protective mechanisms of dietar$ fats
. FIGURE 5. Mean @SEM) changes n ITDL Part'de size fro”_] base- ,n cardiovascular disease. They suggest that, despite an increase
line to the end of the intervention in the olive oil (controk 20), eicos- . . .
. in LDL cholesterol after DHA supplementation, the increased

apentaenoic acid (EPAp = 19), and docosahexaenoic acid (DHA, icle si hif | h . .
n = 17) groups. ANOVA was used to assess treatment effects on postid‘-DL particle size may represent a shift to less atherogenic parti-

tervention values adjusted for baseline vali&sgnificantly different ~ Cl€S, in Wh_iCh case the parallel increase in Hbholesterol and_ _
from the olive oil groupP < 0.01. decrease in triacylglycerol may represent a more favorable lipid

profile than that seen after EPA supplementation.

We acknowledge Danny Bao, Lynette McCahon, and Ken Robertson for

The accumulation of DPA may represent a temporary storage Sif@chnical assistance; Jessie Prestage for nursing assistance; Nardia Ward for
for surplus EPA. DHA supplementation increased plasma anaietary counseling; and George Dragicevic for technical assistance with
platelet DHA, and to a lesser extent EPA, in phospholipids, sugIZDL particle sizing.
gesting retroconversion of DHA to EPA. These findings agree

with those of previous reports (17, 19) that suggest#82 of

dietary DHA is retroconverted to EPA (51). Interestingly, DPA 0'5:
decreased with DHA supplementation, suggesting that th g i
increase in EPA is not caused solely by retroconversion, but als g 0'4_: b
by decreased elongation of EPA. The reduceé and n-9 fatty E |
acids observed in the present study and in other studies (17-1 @ 0.3+
support an inhibitory role of EPA and DHA dx¥-, A®%-, andA®- §
desaturase enzymes (52), respectively. These findings also inc © 0.2
cate selectivity of EPA and DHA incorporation into plasma and _E’ ]
cellular membrane lipid stores (17). 0.1
The benefits of n3 fatty acids have to be weighed against 5 ]
the potential for impaired glucose tolerance, particularly in 0]
patients with type 2 diabetes (20-22), although no advers Olive oil EPA DHA

effect has been seen in healthy volunteers or in hypertensi
(25) or dyslipidemic patients (24). We showed in patients with
type 2 diabetes that, under carefully controlled dietary condi
tions, n—3 fatty acids can lead to a deterioration in glycemic 1 +
control (23). This effect, however, was prevented by a moder

: ]

ate exercise program.

Both EPA and DHA supplementation increased fasting
insulin, but only EPA increased fasting glucose. These result
are consistent with a differential effect of EPA and DHA on
glucose responses in humans. In contrast, lower doses of EF
(900 and 1800 mg/d) did not change fasting plasma glucose ¢

AFasting insulin (pmol/L)
7

glycated hemoglobin concentrations in patients with type 2 dia -2
betes (53, 54). _34
Mechanisms underlying the putative adverse effects-63 n 4

fatty acids on glycemic control include an increase in hepatis
glucose output, which may be related to an elevated flux of glu

coneogenic precursors to the liver, increased plasma glucage, . . A ) :
) . S . . insulin from baseline to the end of the intervention in the olive oil

concentrations, changes in hepatic insulin or glucagon sensiti\ o . . . _

. d di i . 20-22 h h‘(control, n = 20), eicosapentaenoic acid (EPA= 19), and docosa-

ity, or decreased insulin secretion rates (20-22). The mec ‘hexaenoic acid (DHAp = 17) groups. A general linear model was used

nisms responsible for the increa_se in fasting glucose after EPyy assess treatment effects on postintervention values adjusted for
but not after DHA supplementation are not known, but may bé¢paseline values.* *Significantly different from the olive oil groupP*
because EPA increases hepatic glucose production or decrea:< 0.05,'P < 0.01,*P = 0.062.

Olive oil EPA DHA
FIGURE 6. Mean &SEM) changes in fasting serum glucose and
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