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ABSTRACT g
Background: The benefiis-of omega-3 (n—3) long-chain polyun-
saturated fatty acids to it alth are well established. Stearidonic
acid (SDA, 18:4n—3) may mbute'to these benefits,

Objective: The objective was to evaluate the ability of SDA-containing
soybean oil to increase the omega- mdex [erythrocyte eicosapen-
taenoic acid (EPA) + docosahexaenoic amd a percentage of total
fatty acids] and to affect other carchovasc sease risk markers
compared with EPA and regular soy oil (co
Design: This was a randomized, placebo-contr ed; double-blind
multicenter study in which 252 overweight subjé s were rapdomly
assigned to 1 of 3 treatments for 12 wk: 1 g encapsu]atc ybean
oil/d pius 14.7 g liquid soybean oil/d to be mixed in‘foo aptrol
group), 1 g encapsulated EPA/d plus 14.7 g liquid soybean 6i] 4.(EPA
group), and 1 g encapsuiated soybean otl/d plus 14.7 g liquid, SDX
enriched soybean oil/d, providing 4.2 g SDA (SDA group). Subj‘ ts
consumed treatment oils in exchange for other oils in their diet.

Results: The mean (=SE) baseline omega-3 index was similar be- ~

tween treatments, but after 12 wk of treatment values for this index
were 4,15 * 0.12%, 4.84 = 0.13%, and 4.69 * 0.15% for control,
EPA, and SDA groups, respectively. Values for the EPA and SDA
groups were greater than those for control subjects in the intent-to-
treat population (P << 0.001 and P = 0.006, respectively). No adverse
treatment-related effects of SDA-enriched soybean oil were reported.
Conclusions: SDA-enriched soybean oil increased the omega-3 in-
dex by raising erythrocyte EPA concentrations. SDA-enriched soy-
bean oil is a land-based n—3 fatty acid that is a sustainable approach
to increasing tissue concentrations of long-chain polyunsaturated
n-3 fatty acids. Am J Clin Nutr doi: 10.3945/ajcn.2009.29072.

INTRODUCTION

The benefits of consuming the omega-3 (n—3) long-chain
polyunsaturated fatty acids (LCPUFAs) eicosapentaenoic (EPA,
20:5n—3) and docosahexaenoic acids (DHA, 22:6n—3), in re-
ducing the risk of cardiovascular disease (CVD), are supported by
both epidemiologic and prospective randomized controlled trials
(1-6). Accordingly, the American Heart Association (AHA) rec-
ommends that healthy individuals eat a varety of fatty fish at least
twice a week (2), corresponding to =500 mg EPA + DHA/ (4).
AHA recommendations are =1 g EPA + DHA/d for patients with
CVD and 2-4 g/d for patients with hypertriglyceridemia (7).

It has been suggested that the cardiovascular benefits of n—3
fatty acids, other than triglyceride lowering (8}, may be due to
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their antiarrhythmic properties (9-11), heart rate and blood
pressure lowering effects (12, 13), and effects on heart function
(14), thrombosis and hemostasis (reviewed in reference 13), and
antiatherogenic pathways, plaque stability, and endothelial
function (2, 16).

Achieving the AHA-recommended intakes of fatty fish con-
sumption is hampered by the dietary preferences of some con-
sumers and by concerns about the sustainability of global
fisheries and high concentrations of methylmercury in some fish
(17). An alternative for those who do not want to change their
food selections would be conventional foods that incorporate fish
oil; however, this practice is hindered by poor stability of the oil
(resulting in off-flavars), cost, and supply. Providing consumers
with options other than marine oil supplementation (eg, foods

_containing land-based n—3 fatty acids, which have greater sta-

11|ty during storage and food production) could raise tissue
concentratmns of n—3 LCPUFAs in the population and be more
Umnantally sustainable. The most common land-based n—3

xlmolenlc actd (AL.A, 18:3n—3), but its in vivo rate
L to EPA is exceedingly low (18, 19). Stearidonic
acid (SDA 8“4n —3) is the product of the rate-limiting step in
Si, of EPA from ALA (4%desaturation) and is thos
more readily conve e;l to EPA than is ALA. SDA occurs nat-
urally in Timited" ‘Quantities in fish and plants (17).

Baseline blood concentrations of n—3 LCPUFAs were in-
versely associated with ik of cardiac death in men without
prior evidence of CVD (6 eattle Primary Cardiac Arrest
Study found an inverse association betWeen risk of acute cardiac
arrest and red blood cell (RBC) concen
combined (20). Because the effects of n
be mediated by their effects on, a d” p esence in, ceflular
membranes, the measurement of a membran' r’ig:orporatcd n—3
LCPUFA has been proposed as a risk factor foi
The omega-3 index is the proportion of EPA and D '
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membranes, is correlated with cardiac membrane EPA + DHA
(23), and reflects the intake of fish oil (22). The present study
was designed to compare the eifect of SDA-enriched soybean oil
with that of EPA and soybean oil on the omega-3 index over
a 12-wk period. Other cardiac risk factors, such as triglycerides,
cholesterol, blood pressure, and inflammatory markers were also
measured.

SUBJECTS AND METHODS

Subjects

Subjects were ‘recruited via advertisement from 3 clinics
specializing’ in” clinical. research: Sioux Valley Clinic Clinical
Research Center §81 x Falls, SD; now named Sanford Clinical
Research Center) ar ac[iant Research (Cincinnati, OH, and
Chicago, IL). Enrollrhent took place between March and August
2008. There were 252 subjetts‘enrolled in the study, and the key
inclusion criteria were 2 _llows A ) men or women aged 21—
70 v, 2) body mass index (BMlyin I{g/m Y between 25 and 335, 3)
no smoking, and 4) generally good’ heaith Key exclusion criteria
were as follows: 1) use of any med:c tlo «known to alter heart
rate (with the exception of stabilized u/s of certain antihyper-
tensive medications); 2) use of fish 011 oth_ ‘EPA- or DHA-
containing supplements, or EPA- and/or DHA'”fort'ﬁed foods
within 120 d of first visit; 3) routine consumptm f fatty fish
more than once per month; 4) use of flaxseed, pe
hemp, spirulina, or black currant oil for >1 wk withg
washout from last use; 5) use of any supplement know
lipid metabelism or use of any lipid-altering drugs within'
4 wk before a visit 1 (ie, week —2); and 6) a circulating tri-
glyceride concentration >300 mg/dL at visit 1 of week —2.

This study was approved by an Institutional Review Board
(Copernicus Group IRB, Research Trangle Park, NC) and was
conducted according to Good Clinical Practice Guidelines. Signed
informed consent for the study was obtained from all subjects.

Study design

The subjects were randomly assigned to receive 1 of 3
treatments daily for 12 wk: 1 g soybean oil/d in 2 capsules and
14.7 g soybean cil/d in 2 packets (contrel), 1 g EPA/ in 2
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capsules and 14.7 g soybean oil/d in 2 packets (EPA), and 1 g
soybean oil/d in 2 capsules and 14.7 g SDA-enriched soybean
oil/d in 2 packets (SDA). Total oil consumed for each treatment
was 13,7 g/d, and EPA and SDA were consumed at 1 g/d and 4.2
g/d for their respective treatments (Table 1). SDA soybean oil
was from biotechnology-derived soybean MON 87769 (Mon-
santo Company, St Louis, MO). Crude oil was extracted, refined,
bleached, and deodorized (POS Pilot Plant, Saskatoon, SK,
Canada), an antioxidant (Tenox-20; Eastman Chemical Com-
pany, Kingsport, TN) was added, and the oil was packaged in
packets (XelaxPack, Bridgewater, MI). The oil contained 28.2%
SDA as triglycerides (Table 1). Control soybean oil (Cargill Inc,
Minneapolis, MN) was also refined, bleached, deodorized and
packaged in packets and in 500-mg capsules (Gelcaps Gmb}H,
Pritzwalk, Germany). The positive control was EPA ethyl ester
(KD Pharma Bexbach GmbH, Bexbach, Germany) and was
packaged in 500-mg capsules. Packets of oil were packaged in
boxes of 14. Capsules were packaged in 70-count amber glass
bottles. Packets and capsules of the test materials were identical
in appearance and labeling to maintain the blind.

The objective of this study was to test the efficacy of SDA-
enriched soybean oil compared with an active control, EPA, and
soybean oil control in improving markers of heart health. Some
safety aspects of SDA-enriched soybean oil were also assessed in
this study. The primary endpoint with respect to efficacy was the
omega-3 index at the end of the study. The secondary efficacy
variables were the end-of-treatment values for serum trigly-
cerides, total cholesterol, LIDL. cholesterol, HDL cholesterol,
systolic blood pressure, diastolic blood pressure, heart rate, high-
ensitivity C-reactive protein (hs-CRP), adiponectin, and EPA,
DHA: and SDA as percentages of total lipids in the RBC

(measuredmanua ly) heart rate body weight, and fasting lipids
were measured ?.t' ‘each visit. The omega-3 index was measured
at weeks 0, 8, and12; and all other measurements of efficacy
were conducted at 5 0 and 12. The subjects, who at
screening had a fast rum TG value of >150 mg/dL and
were not lactose intole re askcd if they were willing to

TABLE 1
Fatty acid composition of the test oils and targeted daily fatty acid intakes from test oil for each treatment’
Test oils

Fatty acid Conventional soybean EPA SDA-enriched soybean Control?

/100 g fauy acids
Palmitic acid (16:0) 10.3 <0.1 12.4 16
Stearic acid {18:0) 36 <0.1 4.2 0.7
Oleic acid {18:1) 24.1 <0.1 14.7 37
LA (18:2n—6) 53.7 <01 19.8 8.4
GLA (18:3n—6) <0.1 <0.1 1.6
ALA (18:3n—3) 5.8 <{.] 10.7 1.0
SDA (i8:4n-3) <0.1 0.3 282
EPA (20:35n—-3) <0.1 98.0 <0.1

1 EPA, eicosapentaenoic acid; SDA, stearidonic acid; ALA, g-linolenic acid; GLA, v-linolenic acid; LA, linoleic acid.

2157 g conventional soybean oil/d.

‘1 g EPA oil/d containing ethyl esters of EPA and 14.7 g conventional soybean oil/d.

4 14.7 g SDA soybean oil/d and 1 g conventional soybean oil/d.
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participate in a postprandial triglyceride test (with a milk-based
formula; see below). This high-triglyceride (HTG) group in-
cluded 34 subjects.

The subjects were randomly assigned to treatment at week
0 based on a computer-generated randomization schedule. The
randomization schedule was stratified by whether a postprandial
triglyceride sample would be collected (postprandiat triglyceride
and nonpostprandial triglyceride). Study clinicians responsible
for seeing the subjects allocated the next randomization envelope
in ascending order The code was revealed to the researchers once
recruitment, “dita collection, and laboratory analyses were
complete.#A tudy personnel and subjects were blinded to
treatment assig mén for the duration of the study. Only the study
statisticians had/ac jss to the unblinded data, but only after all
interventions and’c ) 4t with the study subjects had ended.

Body weights and hc1g were measured while the subjects
were wearing light clc:t n, d no shoes. A brief physical
examination was performe ath subject. Resting blood
pressure and heart rate were/measured after the subjects had
refrained from exercising for >60 min and 224 h since last
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ingesting caffeine. The subjects were required to sit for
a minimum of 5 min before the measurements were taken. The
averages of 2 systolic and diastolic blood pressure measure-
ments taken 2 min apart were used unless they differed by >3
mm Hg, in which case blood pressure was measured again and
the 3 values were averaged.

Diet

Subjects maintained their normal diet and exercise throughout
the study, with the exception of reducing fat in their usual diet to
accommodate the test oils. Subjects consumed one capsule and
one packet twice a day at separate meals throughout the 12-wk
study. Compliance was evaluated by subject interview and
counting returned packets and capsules. Three-day dietary
records were completed between weeks —2 and 0 and between
weeks & and 12 and were analyzed by using the Nutrition Data
System for Research (NDSR; The Nutrition Coordinating Cen-
ter, University of Minnesota, Minneapolis, MN).

Assessed for eligibility (n=1532)

Excluded {n=280)

Not meeting inclusion criteria(n=193)
Refused 1o participate (=47}
Other reasons  {p=38)

Allocated 10 Control Allocated 10 EPA located to SDA
(=87 (n=384) (n=81)
Received aliocated intervention Received allocated imtervention “Received allocated intervention
(n=387) (n=§4)
Did not receive allocated Did not receive ailocated
interveation =0 intervention {n=0)

i l

Early discontinuation
(n=24)

Adverse event (n=3)

Pregrancy (n=1)

Lab Abnormatity® (=4)

Withdrew consent (n=7)

Lost 1o Follow-up (n=7)

Other (n=2)

{n=22}
Adverse event (n=5)

Pregaancy (n=1}

Other (n={)

Early discontinuation

Nmu:ampli:n-u:e2 {n=1)

Lab Abnormality’ (n=3)
Withdrew consent {(n=5)
Lost to Follow-up (n=6)

Easly discontinuation
(n=28)

Adverse event (n=5)

Noncompiiance * (n=2)

Pregmancy (n=0)

Lab Abnormality’ (n=4}

Withdrew coasent {n=9)

Lost 1o Follow-up (n=48)

J 1

Other (n=2)

ITT Analysis {n=87) ITT Analysis (n=84)
CP Analysis {n=55) CP Analysis (n=62)
Excluded from CP analysis due
o missing Visit 5/'Weck 12 data

(r=22)' (#=22)

Excluded from CP analysis due
to missing Visit 5/Week 12dato

ITT Analysis (n=81)

CP Analysis {(n=54)

Excluded from CP analysis due
to missing Visit 5/ Week 12da1a
(n=27)'

FIGURE 1. Flow diagram of a multicenter irial that compared the effects of stearidonic acid (SDA)-enriched soybean oil with those of eicosapanagnoic
acid (EPA) and control soybean oil on heart health markers i in the completer (CP) and intent-to-treat (ITT) populations. The sample sizes are specific to the
omega-3 mdcx—thc primary efficacy endpoint for the study. Subjects who discontinved early but who had visit 5 values available were included in the CP
analysm “Noncompliance included subjects who took excluded medications or whe did not take the required amount of study product during the course of
study. 3Subjects with safety laboratory values outside of the normal clinical range established by the laboratory were reviewed by the study physician; these
abnormalities occurred primarily at baseline before treatment and were not classified as adverse events.
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Circulating analytes

RBC fatty acids, omega-3 index, serum chemistries, and
complete blood counts were measured as described by Harris et al
(24)., Serum lipids were measured after a fast of >10 h. LDL-
cholestercl concentrations were calculated by using the Frie-
dewald equation (25) if the triglyceride concentration was <400
mg/dL and was measured directly if the triglyceride concen-
tration was >400 mg/dL.

Serumn hs-CRP was measured by using a latex-enhanced
immunoturbidimetric method (ADVIA Chemistry System; Sie-
mens Health’ ate Dlagnostics Inc, Deerfield, IL), and adiponectin
was measured wzth an enzyme-linked immunosorbent assay
: tlg.S/_Salcm, NH).

Subjects in the HTG | «b oup were given a high-fat test meal
after the fasting, baselifie’ bl ¢samples were obtained at weeks
0 and 12. The test meal contamed whlppmv cream (3.6 g x body
weight in kg) and 12%-fat i ice cr_eam (1.35 g x body weight),
which, for a 70-kg individual, provided' 30 g carbohydrate, 8 g
protein, and 105 g fat in 1073 kcal. The meal was consumed
within 15 min, and blood was drawn 4 *-0.:25:h, after the meal.
This sampling time was validated to approktm_ extﬁe area-under-
the-curve for the postprandial response to a hlg

Safety assessment

The subjects were actively queried at every follow-up' y:
about changes in their health and medication use to identif

adverse events. An adverse event was defined as an untoward .

medical occurrence, regardless of the relation to the treatment.

TABLE 2
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These adverse events were further subdivided by severity (mild,
moderate, and severe) and system organ class (MedDRA, version
12.1; MedDRA MSSO, Chantilly, VA). A reaction was consid-
ered serious if it resulted in hospitalization, was life-threatening,
was persistent, or was deemed an important medical event.

Statistical methods

An evaluable sample of 68 subjects per group was estimated to
provide >95% power at » = 0.05 (2-sided test) to detect a dif-
ference in omega-3 index of 1% between groups, assuming an
SD of (.7 and a power of ~=80% power to detect a difference in
heart rate of 2.5 bpm between groups, assuming an SD of 5.3. To
account for subject attrition and noncompliance, 84 subjects
were planned to be randomly assigned to each arm.

The intent-to-treat {ITT) population consisted of al subjects
who were randomly assigned to treatment. The completer (CP)
population consisted of all subjects who were randomly assigned
and provided a week 12 (visit 5) data point. The population used
for the evaluation of safety included all subjects who recejved
a dose of study product and provided at least ome post-
randomization safety data point,

Statistical analyses were conducted on the ITT population by
using Baseline Observation Carried Forward (BOCF) for missing
data. For the analysis of the CP population, subjects who did not
provide both baseline and week 12 measurements were excluded.
Statistical Analysis Software (SAS version 9.2; SAS Institute,
Cary, NC) was used. Each quantitative variable from week 12 was
analyzed by using analysis of covariance (ANCOVA) with SAS
roc MIXED. The statistical models included the baseline
measurement from week 0, age, sex, and BMI as covarjates and

-reatment, site, and site- by-treatment interaction as factors.

Mean baseline demographic characteristics of the intent-to-treat (ITT; 1 = 252) and compleger

Control SDA
ITT population
n 87 81
Female (%)° 56.3 556
Age (v 479 % 1.8 45.8"+11.8 473 = 12.9
Race (%)™
Black or African American 42.5 321 457
White 56.3 65.5 53.1
Other 2.2 2.4 2.5
BMI (kg/m%’ 28.5 * 3.14 29.8 * 3.47° 29.4 + 332
Completer population
n 65 62 54
Female (%)° 56.9 56.5 55.6
Age (yy 49.7 = 121 48,1 =11.3 1=123
Race (%)%?
Black or African American 354 307 40.7
White 64.6 69.4 59.3
Other 1.5 0 1.9
BMI (kg/m?)’ 28.5 = 291 30.0 = 3.26* 29.5 * 3.63

! EPA, eicosapentaenoic acid; SDA, stearidonic acid,
2 No significant difference between treatments (P > 0.05).
¥ Mean = SD (all such values).

¥ Race categories can add up to >>100% because subjects indicated all that apply.

3 P value for overall test = 0.033.
%% gignificantly different from control: °P = 0.013, P = 0.011.
7 P value for overall test = 0.034.
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TABLE 3
Omega-3 index and percentages of fatty acids in red bleod cell (RBC) membranes in the intent-to-treat (ITT) and completer {(CP} populations"
P value
Control {ITT, n = 87; EPA(ITT,n=84; SDA (ITT,n=281; Overall EPA compared SDA compared EPA compared
CP, n = 65§ CP n = 62)° CP, n = 54)° F test with control with control with SDA

Omega-3 index (%)

Initial mean ITT® 445 + L10 419 = 1.10 429 % 1.16

Initial mean CP° 444 = 152 425 * 1.18 434 = 1.12

Final mean ITT/CPY 4.15 + 0.99 4.84 + 1.01 469 = 1.07

Adjusted final IT T’ 418 = 0.11 479 * 0.10 4.62 + 0.10 <0.001 <0.001 0.006 0.196

Adjusted fift cp" 410 * 0.13 4389 +0.12 474 + 0.12 <0.001 <0.001 0.001 0.394
RBC EPA (%)

Initial mean ITT; 048 * (023 044 = 0.26 0.45 = 022

Initial mean CP*" »7 050 = 0.24 046 + 0.29 0.47 % 0.19

Final mean ITT/CPY, 127 * 0.57 1.05 + 0.62

Adjusted final ITT? ° 1.16 % 0.06 0.94 + 0.05 <0,001 <0.001 <0.001 0.008

Adjusted final CP* 131 * 0.06 1.12 % 0.07 <0.001 <0.001 <0.001 0.036
RBC DHA (%)

Initial mean ITT? 3.74 * 0.95 3.84 = 1.04

Initial mean CP* 3.79 = 1.01 3.87 = 1.10

Final mean ITT/CP? 372 = 001 3.57 + 0.76 3.64 + 0.88

Adjusted final ITT? 3.78 % 0.094 3.63 = 3.68 = 0.08 0.459 0.656 0.773 0.773

Adjusted final CP? 3.72 £ 0.11 3.63 * 0.10 0.634 >0.999 >0.999 >0,999
RBC SDA (%)

Initial mean ITTY 0.009 = 0.005 0.010 %= 0.005

Initiai mean CP’ 0.009 = 0.005 01 0.009 = 0.005

Final mean ITT/CP? 0.014 + 0.007 0.013 0.016 + 0.024

Adjusted final ITT? 0.012 * 0.002 0.013 £ 09 0.013 # 0.002 0.850 >0.999 >0.999 >0.999

Adjusted final CP¥ 0.013 * 0.002 0.013 £ 0.00 0.015 + 0.002 0.748 >0.999 >0.999 >0.999
RBC AA (%)

Initial mean ITT? 16.79 + 1.35 1697 = 1.28

Initial mean CP’ 16.74 = 1.31 16.90 = 1.36

Final mean ITT/CP? 16.70 = 1.25 1602 = 1,50

Adjusted final ITT* 16.96 * 0.15 16.25 = 0.14 0.002 0.040 0.224

Adjusted final CP? 16.91 = 0.19 16.06 = 0.17 0.003 0.039 0.314
RBC DPA (%)

Initial mean ITT? 2,57 = 042 2.56 = 0.41 2,52 = 045

Initial mean CP7 2.60 = 043 2.60 = 0.40 2.60 = 0.42

Final mean ITT/CP* 250 = 0.40 3.89 =+ 0.80 3.49 + 0,91

Adjusted final ITT? 249 + 0.10 3.63 = 0.09 3.33 + 0.08 "% <0001 <0,001 0.01

Adjusted final CP* 251 *+ 0.10 1.91 * 0.09 3.62 + 0.00 0.001 <0.001 0.023

! EPA, eicosapentaenoic acid; SDA, stearidonic acid; DPA, docosapentaencic acid; DHA, docosahés cacid; AA, arachidonic acid,
2 The 1 values represent the sample size available at visit 5 of week 12 for ANCOVA, e
? Initiai = week 0; final = week 12, Values are means = SDs for all available subject data within the ITT and 'C populauons Final means are equivalent

for the ITT and CP populations because only completer data were available to caiculate summary statistics at wee¥ 12
 Values are ANCOVA-adjusted means = SEMs (adjusted for effect of covariates on the assumption that all 3 treq
overall mean covariates). The statistical models included the baseline measurement from week 0, age, sex, and BMI as cov A
by-treatment inderaction as faciors. The step-down Bonferroni method was used to adjust P values for multiple comparisons.”

observation carried forward to impote missing values at week [2.

roups had the same sets of
and treatment, site, and site-
Teandlysis used baseline

Pairwise comparisons between the 3 treatment groups were
conducted, and the P values were adjusted by using the step-
down Bonferroni method to control type I error, Differences
were declared significant at « = 0.05, Data for variables that
were not normally distributed (ie, hs-CRP) were log transformed
prior to analysis. Adverse events were also categorized and
analyzed by using a chi-square test or Fisher’s exact test.

RESULTS

A total of 532 people were screened for the study, and 252 were
randomly assigned to treatment groups (Figure 1). Of these, 34

were randomly assigned to the 3 treatments and formed;an HTG
subgroup. A total of 178 subjects completed the study according
to the study schedule, and 181 subjects had week 12 (visit 5)
data and were included in the CP population. The 2 main rea-
sons for noncompletion were withdrawal of consent and loss to
follow-up (Figure 1). When specific reasons were given for
subjects in these groups leaving the study, most were scheduling
conflicts and were not due to consumption of the test oils. The
number of subjects that discontinued the study did not differ by
treatment groups (P > 0.05). Baseline demographics also did
not differ by treatment groups in both the ITT and CP populations
(Table 2). Baseline BMI was slightly higher in the EPA group
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than in the control group in both the ITT and CP populations
(Table 2} and was included as a covariate in the analysis.

The omega-3 index was greater at the end of the study in the
EPA and SDA groups than in the control group in both the ITT
(P < 0.001 and P = 0.006, respectively) and CP (P < 0.001 and
F = 0.001, respectively) populations (¥able 3), and no differ-
ences were observed between the EPA and SDA groups in the 2
populations. The greater omega-3 index in the EPA and SDA
groups than in the contro] group was due to more EPA in RBC
membranes. Most of this change occurred by 8 wk of treatment,
as evident igpFigure 2. Docosapentaenoic acid (DPA, 22:5n—3)
ificafitly. greater in the EPA and SDA groups than in the
control group (P : ”0 0{)1 for both the ITT and CP populations),
whereas DHA . cori éntiations were not different (P > 0.05 for
both the ITT and pulations). Arachidonic acid (AA,
20:4n~6) was significan / lower in the EPA and SDA gTOups
than in the control gn TT analysis: P = 0.002 and P =
0.040, respectively; CP.4 P = 0003 and P = 0.039,
respectively),

Fasting serum TC, LDL ¢ oester l HDL cholesterol, and
triglycerides were not 51gn1ﬁcantly affected (Table 4), Likewise,
4-h postprandial triglyceride concentfatio were not different
between groups in the HTG subset (Table./cL).;Hcart rate, blood
pressure, and concentrations of hs-CRP and” adlponectm were

End-of-stady body weight and BMI (data not’ “shown) were

unaffected by the treatments (P = 0.05). On the bas:s of an

of fat, protein, carbohydrates or energy were observed (data

shown). Mean total dietary linoleic acid intake in the CP pop~

ulation was between 6% and 7% of energy at baseline, and it
increased in all 3 groups, as expected, with the additional oil. In
the SDA group it increased from 6.2 * 3.0% to 7.3 % 2.3% of
energy, whereas it went up more in the other 2 groups, ie, from
7.2 £ 2.1% to0 9.8 = 2.5% of energy in the control group and
from 7.0 & 2.4% to 10.2 £ 2.7% of energy in the EPA group
(control and EPA compared with SDA; P < 0.001 for both).
Conversely, the mean ALA intake was 0.7% of energy at
baseline in all 3 groups, and it increased to 1.0 = 0.3%, 1.1 +
0.4%, and 1.4 = 0.5% in the control, EPA, and SDA groups,
respectively (control compared with SDA, P < 0.001; SDA
compared with EPA, P = 0.013).

Of 210 subjects who completed at least one postrandomization
safety evaluation, 75 (35.7%) reported an adverse event and, of
these, 23, 24, and 26 subjects were in the control, EPA, and SDA
groups, respectively. No significant effects of treatment on total
adverse events or within adverse event organ class were observed.
Of the reported adverse events, 14, 13, and 14 in the control, EPA,
and SDA groups, respectively, were considered by the nves-
tigators to be possibly, probably, or definitely related to treatment.
These events were largely gastrointestinal in nature (eg, stomach
discornfort, diarrhea, dyspepsia, nausea, and flatulence). The
remaining subjects reported events such as fatigue, nasophar-
yngitis, headache, or had abnormal laboratory values, which were
considered unrelated to treatment. Two adverse events were
considered serious: one case of gastroenteritis occurred in the
control group, and one case of gastroenteritis with dehydration
occurred in the SDA group. Both events resolves completely after
treatment was discontinued.
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FIGURE 2. Mean (*SE) omega-3 index and percentage of
eicosapentaenoic acid (EFA) in red blood cell membranes measured at
weeks 0, 8, and 12 for subjects in the completer population who
consumed control soy oil, EPA, and stearidonic acid (SDA)-enziched
soybean oil. = = 65, 62, and 65 for the contro] group at weeks 0, 8, and
12, respectively, i = 62, 62, and 62 for the EPA group at weeks 0, 8, and 12,
respectively. n = 54, 52, and 54 for the SDA group at weeks 0, 8, and 12,
respectively.

No statistically significant effects of treatment were observed

“on the basis of the standard serum chemistry results and complete

b_!oc’id,;count panels (data not shown), except for 2 analytes, First,

differences:no khown pathology was assocrated with the lower
values, and the dlffer ces were 1ot considered to be important,

DISCUSSION

Supplementation with S riched soybean oil delivering
4.2 g SDA/ significantly increased the: omega-3 index compared
with the conventional soybean 011 d the increase was not
significantly different from that obtai d:after supplementation
with1.0 g EPA/d P> 0 05) These data conﬁrm earlier results

concentrations in humans (24, 27). The present émdﬁu&ed more
subjects and included the assessment of additional €VD mark-
ers. The increases in the omega-3 indexes in the SDA and EPA
groups were the result of a greater EPA content in RBC mem-
branes, whereas the SDA and DHA concentrations were un-
affected. SDA raised the mean EPA concentrations in the RBC
membranes, with 17.1% of the efficiency of EPA on a gram-for-
gram basis in the CP population. This efficiency of conversion
for SDA assumes that EPA was synthesized from SDA and not
ALA (also present in the test oil), because a similar amount of
ALA was in the control oil. On the basis of the lack of increase
in the percentage of RBC EPA in the control group, it was
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TABLE 4
Serum cholesterol and triglyceride (T'G) concentrations in the izteni-to-treat (ITT) and completer (CP) populations’
P value
Overall ~ EPA compared  SDA compared  EPA compared
Control EPA SDhA F test with control with control with SDA
Total cholesterol (mg/dL.)
Initial mean ITT? 2019 * 37.8 1943 = 33.1 198.6 + 37.5
Initial mean CP? 205.6 * 38.1 197.0 = 3L.8 199.8 % 37.0
Final mean ITT/CP? 205.0 = 34.0 201.7 = 34.0 1957 = 32.3
Adjusted final TTT? 2023 = 3.0 199.7 = 27 193.9 = 2.6 0.084 0.520 0.103 0.239
Adjusted, ﬁnh cp?, 2057 = 3.9 2034 * 3.4 1953 *+ 3.6 0.111 0.657 0.156 0.201
, 87/65 84162 81/53
Initial mean ITT2 1239 + 31,4 1203 =+ 26.9 1205 + 31.6
Initial mean CP? 1260 = 320 1222 = 253 121.4 + 31 .4
Final mean ITT/CP? 123.8 = 30.8 1275 = 27.8 121.2 = 28.2
Adjusted final ITT? 1250 + 23 1205 = 2.2 0.360 0.808 0.808 0.475
Adjusted final CP’ 128.0 = 2.9 122.6 + 3.1 0.438 0.942 0.942 0.606
ITT/CP (n)’ 84/61 81/53
HDL-C (mg/dL}
Initial mean ITT? 48,1 * 10.6 52.7 * 14.3
Initial mean CP? 57.1 % 49.1 * 10.6 54.0 £ 14.4
Final mean ITT/CP? 56.3 * 17.J 0.0 £ 113 52.0 = 13.9
Adjusted final ITT’ 522 +08 7 =07 51.1 £ 07 0.153 0.673 0.673 0.159
Adjusted final CP* 527 LI = 1.0 51.1 = 1.0 0.108 0.593 0.593 0.106
ITT/CP ()’ 87/65 ¥ 81/53
TG {mg/dL)
Initial mean ITT? 112.4 = 65.0 1254 #'66.4 "=, 1262 = 754
Initial mean CP? 115.9 + 66.0 1326 * 68 2.0 % 64.3
Final mean I'FT/CP? 124.0 = 77.7 123.6 * 59.9 §
Adjusted final ITT? 1241 * 6.0 1100 =+ 5.4 0.25] 0.857
Adjusted final CP? 128.1 = 7.9 1117 = 6.8 0.240 0.225 0.764
ITT/CP ()" 8765 84/62
HTG group
4-h Postprandial TG (mg/dL) g
Initial mean ITT? 366.4 £ 158.5 4023 = 110.2 4963 = 203.1
Initial mean CP? 392.1 = 1732 3909 = 110.5 4550 = 162.2
Final mean ITT/CP? 356.0 = 110.0 4006 * 148.9 419.7 = 116.2
Adjusted final ITT? 404.7 £ 505 4168 = 388 3996 = 36.2 >0.999 >0,999
Adjusted final CP? 439.1 = 523 4098 * 355 3787 + 38.] >0.999 >0.999
ITT/CP (n)* 9 10/9 14/9 4

! EPA, eicosapentacnoic acid; SDA, swearidonic acid; HTG, high-triglyceride group; LDL-C, LDLs hn]es

rol; HDL-C, HPL cholesterol,

? Initial = week 0; final == week 12. Values are means = SDs for all available subject data within the IT:I" and cP pogulanons Final means are equivalent

for the ITT and CF populations because only completer data were available to calculate summary statistics at week J2n

¥ Values are ANCOVA-adjusted means + SEMs (adjusted for effect of covariates on the assumption that all 3 treatm )
overall mean covariates). The statistical models included the baseline measurement from week 0, age, sex, and BMI as cov__ af
by-treatment interaction as factors. The step-down Bonferroni method was used to adjust 2 values for multiple comparisons

observation carried forward to impute missing values at week 12.

groups had the same sets of
§ and treatment, site, and site-
he TLT analysis used baseline

7 The » values represent the sample size available at visit 5 of week 12 for ANCOVA. One individual in the HTG group did not supply a baseline 4-h

postprandial sample.

concluded that ALA was not metabolized to EPA to any appre-
ciable degree and SDA accounted for the increase in the per-
centage of EPA. The ability of SDA to increase the EPA content
in serum phospholipids was observed in other studies in which
subjects were supplemented with Echimmn oil (28-30) or black-
currant (Ribes nigrum) seed oil (31), both of which contained less
SDA than the modified soybean oil used in the current study.
SDA is downstream from the rate-limiting A%-desaturase in
the biosynthesis of n—3 LCPUFAs (18), and it is this metabolic
hurdle that limits the conversion of ALA to longer-chain fatty
acids (19). In this and the 2 other studies of SDA supplemen-

tation (24, 27), neither EPA nor SDA affected DHA in RBCs.
This is not surprising because the same A°-desaturase that is
rate-limiting in the reaction of ALA to SDA has been shown to
catalyze the conversion of 24:5n—3 to 24:6n—3, the step prior to
the f-oxidation step, which produces 22:6n—3 ¢32). DPA is
produced prior to this step in metabolism and is enriched after
supplementation with SDA and EPA. Several human trials of
EPA supplementation have been conducted; in most of those
studies, changes in DHA in blood fractions were minimal (33).
Similarly, the conversion of ALA to DHA has been reviewed,
and, although the conversion of ALA to DHA was observed
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in isotopic tracer studies, conversion was extremely low (33).
Additionally, in a review of CVD prevention studies, Wang et al
(34) concluded that ALA supplementation did not reduce
cardiac-related mortalities. The lack of increase in RBC DHA
does not exclude the possibility that some supplemental SDA or
EPA was metabolized to DHA outside the blood compartment.

The Japan EPA Lipid Intervention Study confirmed that EPA
supplementation alone, without additional DHA, reduced the risk
of cardiac events (35). Whether DHA alone would have had
similar effects and whether monotherapy with EPA will reduce
cardiac nsb ontside of the context of the Japanese diet and
lifestyle is'n lear The potential mechanisms of action of EPA
h iptional, and/or eicosanoid-based effects)
ed (36). EPA has eIectrophysnoIogxc and

equent chyiomicron
y, EPA administra-
tion to diabetic patients over a 6-mo period reduced triglyceride,
total cholesterol, and LDL cholesterol (41). Thus. it is reasonable
to conclude that EPA alone has beneficial effects, on heart:health.

In the current study, fasting serum tnglycen / 1
significantly lower in the EPA and SDA groups than in the control
group (P = 0.240 and 0.225, respectively; Table 4) for the
population. Similar results were observed for SDA in a“pilo
study in subjects with normal triglyceride concentrations (24)

Fasting triglycerides were reduced in other studies in which -

larger doses of EPA or fish oil were administered (8, 42-47),
ALA does not lower triglyceride concentrations (43, 48), but
supplementation with echinm oil, which contains SDA, de-
creased triglycerides in one uncontrolled study (30). This ob-
servation warrants further investigation in a larger study
population selected for higher baseline triglycerides.

HDL cholesterol increased in some studies (8, 45) in which
n—3 fatty acids were supplemented, and total cholesterol de-
creased in some studies (49-51} in which EPA was supple-
mented; however, no evidence of a significant change with EPA
or SDA was observed in the present study. As for serum tri-
glyceride, these were not primary endpoints, and subjects with
clinically borderline or abnormal values at baseline were not
recruited; therefore, the possibility of a false-negative result
existed in the current study. Similarly, postprandial triglycerides
were lowered in studies in which fish oil was administered
(52-55), but were unaffected in the present study, even in the
EPA group.

No SDA-specific adverse events or changes in blood chemistry
results were observed in this study. The safety of SDA was in-
vestigated in previous human studies of SDA-containing oils,
with SDA intakes ranging from 1 to 4 g/d (24, 56) and in 28-d and
90-d rat studies at doses up to 4 g/kg body weight daily with no
SDA-specific adverse effects reported (57). Furthermore, SDA-
enriched soybean oil has recently obtained Generally Recognized
as Safe (GRAS) status for use as a food ingredient in the United
States (58).

Although this study was limited to nonfish-eating subjects,
current evidence documented in individuals taking fish-oil sup-
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plements supports the view that the rise in the omega-3 index
from an increased n-3 intake is unrelated to the background fish
intake {59).

In summary, the results of this study and of the previous study
with SDA-enriched soybean cil (24) indicate that SDA supple-
mentation increases the percentage of RBC EPA and the omega-3
index. For those without known CVD, the AHA recommends
consuming “at least 2, preferably oily, fish meals per week,”
which would equate to =500 mg EPA + DHA/ (2, 4). These
recommendations are based on human clinical trials in which
[.CPUFAs were administered and reductions in CVD were ob-
tained. In this study and in the previous study of Harris et al (24),
supplementation with 4.2 ¢ SDA/d was equivalent to =700 mg
EPA/d, based on the calculated relative efficiency of RBC in-
corporation of EPA (17.1%). It has been estimated in one cal-
culation that the average consumption of EPA + DHA in the US
diet is 135 mg/d (22) and in another calculation is 200 mg/d (2).
On the basis of these data, consumption of =1.5 g SDA/d in the
average US diet would be necessary to close the gap from
current intakes and to meet recommended intakes of n-3
LCPUFAs. Therefore, based on the increased omega-3 index,
SDA-enriched soybean oil represents a land-based, sustainable
approach toward increasing tissue concentrations of heart
healthy n—3 LCPUFAs.
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