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A Systematic Review of High-Oleic Vegetable Oil
Substitutions for Other Fats and Oils on
Cardiovascular Disease Risk Factors: Implications
for Novel High-Oleic Soybean Oils’-?
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High-oleic acid soybean oil (H-OSBO) is a trait-enhanced vegetable oil containing >70% oleic acid. Developed as an alternative for trans-FA (TFA)-
containing vegetable oils, H-OSBO is predicted to replace large amounts of soybean oil in the US diet. However, there is little evidence
concerning the effects of H-OSBO on coronary heart disease (CHD) risk factors and CHD risk. We examined and quantified the effects of
substituting high-oleic acid (HO) oils for fats and oils rich in saturated FAs (SFAs), TFAs, or n—6 (w-6) polyunsaturated FAs (PUFAs) on blood lipids
in controlled clinical trials. Searches of online databases through June 2014 were used to select studies that defined subject characteristics;
described control and intervention diets; substituted HO oils compositionally similar to H-OSBO (i.e,, =70% oleic acid) for equivalent amounts of
oils high in SFAs, TFAs, or n-6 PUFAs for =3 wk; and reported changes in blood lipids. Studies that replaced saturated fats or oils with HO oils
showed significant reductions in total cholesterol (TC), LDL cholesterol, and apolipoprotein B (apoB) (P < 0.05; mean percentage of change:
—8.0%, —10.9%, —7.9%, respectively), whereas most showed no changes in HDL cholesterol, triglycerides (TGs), the ratio of TC to HDL cholesterol
(TCHDL cholesterol), and apolipoprotein A-1 (@apoA-1). Replacing TFA-containing oil sources with HO oils showed significant reductions in TC,
LDL cholesterol, apoB, TGs, TC:HDL cholesterol and increased HDL cholesterol and apoA-1 (mean percentage of change: —5.7%, —9.2%, —7.3%,
—11.7%, —12.1%, 5.6%, 3.7%, respectively; P < 0.05). In most studies that replaced oils high in n-6 PUFAs with equivalent amounts of HO oils, TC,
LDL cholesterol, TGs, HDL cholesterol, apoA-1, and TC:HDL cholesterol did not change. These findings suggest that replacing fats and oils high in
SFAs or TFAs with either H-OSBO or oils high in n-6 PUFAs would have favorable and comparable effects on plasma lipid risk factors and overall
CHD risk. Adv Nutr 2015;6:674-93.
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Introduction

The role of edible fats and oils in health and disease con-
tinues to evolve as further knowledge is gained about the re-
lation between dietary fats and FAs and chronic diseases,
particularly coronary heart disease (CHD)®. For instance, in
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response to early public health recommendations to move
away from animal fats and tropical oils to reduce CHD risk,
the food industry adopted the use of partially hydrogenated
vegetable oils (PHVOs) to achieve the same functional charac-
teristics provided by animal fats in food products (1). PHVOs
and the trans-FA (TFA) components produced by partial hy-
drogenation of liquid vegetable oils appeared to be a suitable
alternative because of their ability to replace animal fats high
in saturated fat while providing adequate functionality for a
wide range of product applications, increased flavor stability
and shelf life, resistance to oxidation, lower cost, and consis-
tent availability. However, on the basis of evidence from nu-
merous clinical and prospective cohort studies it is now
recognized that the consumption of TFAs, in amounts achiev-
able in Western diets (2), adversely affects CHD risk factors
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and is associated with a higher risk of CHD (3-5). Current
US government dietary guidelines recommend keeping TFA
consumption as low as possible by limiting the intake of
foods that contain TFAs and by limiting other solid fats
(6). In addition, since 2006, food manufacturers are re-
quired to state the quantity of TFAs per serving on the Nu-
trition Facts panel of all packaged food labels. As a result,
many food products were reformulated to contain lower
amounts of TFAs and have led to substantial reductions
in TFA intake (2, 7).

A number of ingredient alternatives are available to re-
place PHVOs in oil-based food products. In general, the
preponderance of edible fats and oils are used in 3 areas
of food product applications: salad and cooking oils, solid
fats (e.g., margarines, shortenings), and frying oils. Salad
and cooking oils is the largest category, accounting for
~65% of the total fats and oils consumed in the United
States (8). The need for TFA alternatives in this category
is low, because most of these products contain little or no
TFAs and typically include oils rich in PUFAs and MUFAs
such as soybean oil (SBO), corn oil, canola oil, and others
(9). In contrast, solid-fat products that contain PHVOs
such as margarines and shortenings present greater product
challenges, including management of functional properties
such as melting point, lubricity, moisture barrier, and
creaming ability to produce a product low in TFAs with
parity performance to its PHVO counterpart. To minimize
TFAs while meeting functional and stability requirements
many of the current approaches have typically used oil
blends that contain small proportions of saturated fats
high in palmitic acid (e.g., palm, palm fractions) and a
high proportion of high—oleic acid (HO) oils or oils mod-
erately high in linoleic acid (LA; 18:2n-6) and a-linolenic
acid (ALA; 18:3n-3) (2). Frying fats and shortenings used
in restaurants for preparing deep-fried foods and for com-
mercial frying of packaged foods such as snacking chips
represent a large source of PHVOs and are known to con-
tain relatively high amounts of TFAs (2). Alternative oils
with increased amounts of oleic acid (i.e., ~50-65%), de-
creased amounts of LA (i.e., ~20-30%), and low amounts
of ALA (~<3%) have proven effective replacements for
PHVOs because they are able to withstand the high temper-
atures of commercial frying, provide relatively long fry life,
and are resistant to producing off flavors because of thermal
deterioration and oxidative processes (1). The replacement
of PHVO frying fats with alternative oils was examined in
a FA analysis of 327 fast-food items by Health Canada
which suggested that products achieving a goal of =5%
TFAs was accomplished by using predominantly HO vege-
table oils (2). Examples of HO oils (i.e., >70% oleic acid)
include olive oil, HO sunflower oil, HO safflower oil, and
newer trait-enhanced oils such as HO canola oil and
H-OSBO (Table 1).

SBO is the most consumed edible oil in the United States
because of its availability, cost, and versatility in food pro-
duct applications. In 2004, of the ~12.3 billion kg of edible
oils used in the United States, SBO accounted for ~7.9

billion kg (i.e., ~67%) (8). SBO is high in LA and ALA.
Hence, for use in baking and frying, shortenings in which
high heat stability is required, SBO was traditionally partially
hydrogenated to produce stable solid or semisolid fats. In
2006 an estimated 41% of the total SBO used in edible pro-
ducts was partially hydrogenated (1), accounting for nearly
82% of the 7.5 billion pounds of baking and frying shorten-
ings produced in the United States and considerable amounts
used in production of margarines particularly hard-stick mar-
garines (8). However, as a result of US and Canadian regula-
tory requirements for mandatory labeling of trans fats on
packaged foods and mounting consumer concerns about the
health effects of TFAs, the food industry has been reducing
or eliminating TFAs in its products (1, 13, 14). Between
2007 and 2011, 66% of identified brand-name products
in US supermarkets that contained =0.5 g TFAs per serv-
ing had reduced TFA content to <0.5 g per serving (15). Al-
though SBO continues to be the dominant edible oil in the
US market, in 2011-2012 it accounted for 50% of the dis-
appearance of all edible fats and oils used in the United
States, down from 65% a decade earlier (16). The market
trend away from SBO and SBO-derived hydrogenated in-
gredients has made development and expanded production
of H-OSBO a compelling alternative because of its high
heat and oxidative stability for use in both high tempera-
ture and ambient temperature food applications, and be-
cause of potential cost advantages due to the economy of
scale of US soybean production.

Because H-OSBO requires no hydrogenation to be used
in many processed food applications, including deep frying
and baking, the use of H-OSBO in processed food products
provides opportunities for consumers to reduce their intake
of TFAs. Large-scale substitution of SBO with H-OSBO
could affect the intake of other FAs, including the essen-
tial FA, ALA. The ALA content of H-OSBO is ~2.5-3.0%
compared with ~7% for SBO. However, SBO is hydroge-
nated for use in many food applications which reduces its
ALA content. Therefore, the FA content of foods produced
from H-OSBO and partially hydrogenated SBO (PHSBO)
will differ primarily in the amounts of TFAs and not
ALA content. In a study that estimated the impact of
substituting low ALA-SBO, a SBO variety that contains
only 2.4% ALA, for PHSBO in several food categories,
dietary TFA intake was reduced by 45%, whereas no re-
duction was found in ALA intake (17). Because the levels
of ALA in low ALA-SBO and H-OSBO are similar, the
dietary effect of substituting H-OSBO for PHSBO on
ALA intake would be expected to be similar to that esti-
mated for low ALA-SBO (17).

In the only randomized controlled trial (RCT), to our
knowledge, that compared the effects on blood lipids of a
diet high in H-OSBO with a diet with an isocaloric amount
of SBO (high PUFAs), no substantial differences were
observed in any of the lipid biomarkers, suggesting that
MUFAs and PUFAs are interchangeable for their effects on
blood lipids. Both diets were effective in substantially lower-
ing LDL cholesterol, apoB, and the ratio of total cholesterol
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TABLE 1 FA composition of representative conventional vegetable oils and H-OSBO'
HO sunflower HO safflower Canola HO canola

SBO? H-OSBO Olive oil® oil® oil® oil® oil®
Saturated. g/100 g 15 7>-105" 16 9 9 6 6
Oleic acid, /100 g 24 723-75% 71 79 78 62 75
Linoleic acid, g/100 g 54 16>-7* 10 1 13 22 17
a-Linolenic acid, g/100 g 7 3325 1 0.2 0.1 10 2
"HO, high-oleic acid; SBO, soybean oil.
2(10).

3 Vistive Gold High Oleic Soybean Qil (11).
4 Plenish High Oleic Soybean Oil (12).

(TC) to HDL cholesterol (TC:HDL cholesterol) compared
with a diet that contained TFAs from PHSBO (18). Previous
reviews that assessed the clinical evidence on the effects of
MUFAs on traditional cardiovascular disease (CVD) risk fac-
tors concluded that the MUFA class of FAs favorably affects
plasma lipids and lipoproteins when substituting for SFAs
or carbohydrate-containing diets (19, 20). In a meta-analysis
of 13 RCTs that estimated the change in CHD risk when
TFA-containing diets are substituted with unsaturated FA-
containing vegetable oils, replacing 7.5% of energy from
PHVOs with an equivalent amount of HO- or PUFA-containing
vegetable oils resulted in risk reductions of 9.2% and 8.8%, re-
spectively (21). Although these studies indicate that replacing
saturated fats or PHVOs with high MUFA-containing vegetable
oils has a favorable effect on CHD risk, there is a need for ad-
ditional clarity. Given the predicted increased presence of
H-OSBO in the US diet, there is a need to understand the
quantitative and qualitative impact of HO oils on CVD risk
compared with other fats and oils in the diet. The purpose
of this review is to provide insight into potential CVD health
effects of H-OSBO by assessing the available clinical evidence
on the direct isocaloric substitution of HO oils composition-
ally similar to H-OSBO (i.e., >70% oleic acid) for other fats
and oils. Specifically, the evidence is summarized into 3 sep-
arate but related areas of substituting HO oils for fats and oils
high in 1) SFAs, 2) TFAs, and 3) n—6 PUFAs (primarily LA).

Methods

We searched for all controlled dietary trials that examined the effect of
substituting single or blends of HO vegetable oils compositionally similar
to H-OSBO (i.e., >70% oleic acid) for isocaloric or near isocaloric amounts
of fats and oils high in SFAs, TFAs, or PUFAs on plasma lipids and lipopro-
teins in normal and hypercholesterolemic adults aged >19 y. Studies that were
=3 wk in duration were included for assurance of plasma lipid and lipopro-
tein stabilization after dietary changes (22). Those studies that provided suf-
ficient data to calculate the percentage of energy contributed by the
experimental fats and oils in the intervention diets and sufficient data to cal-
culate the percentage of change in plasma lipids and lipoproteins resulting
from the substitution of HO oils for the comparison fats and oils were in-
cluded. Controlled dietary trials that consisted of randomized crossover, ran-
domized parallel and, in some cases, nonrandomized sequential crossover
designs were included. Studies were excluded if I) oils contained <70% oleic
acid, 2) did not report the macronutrient and FA composition of the exper-
imental diets, 3) only reported TC results, 4) compared HO oils with combi-
nations of SFA, TFA, and PUFA test fats or to test fats that were mainly n—3
PUFAs, and 5) compared HO oil outcomes only with baseline diets. Results
from studies in which the test fats were not administered as part of a mixed-
food diet (e.g., liquid diets) are acknowledged and discussed but were not in-
cluded in our analyses because the intake of nutrients is atypical and to avoid
reporting potentially skewed plasma lipid and lipoprotein results.
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Search strategy

Searches were conducted for articles published through June 2014 and were
limited to literature in the English language, human adults aged >19 y, and
those clinical trials found using PubMed, Google Scholar, Cochrane Library
database, and hand-searching of reference lists from reviews and meta-
analyses. When necessary, authors and other experts were contacted to clarify
methods or results. Search terms and keywords included but were not lim-
ited to “lipids,” OR “fats,” OR “oils,” OR “fatty acids,” OR “saturated fatty
acids,” OR “saturated fats,” OR “trans fatty acids,” OR “trans fat,” OR “un-
saturated fatty acids,” OR “unsaturated fats” OR “polyunsaturated fatty acids,”
OR “polyunsaturated fats,” OR “omega-6,” OR “linoleic acid,” OR “linoleate,” OR
“monounsaturated fatty acids,” OR “monounsaturated fats,” OR “oleic acid,”
OR “oleate,” OR “high oleic,” OR “butter;” OR “milk fat,” OR “lard,” OR
“lard,” OR “palm oil,” OR “palm olein,” OR “partially hydrogenated vegetable
oil,” OR “hydrogenated vegetable oils,” OR “soybean oil,” OR “sunflower
oil,” OR “corn oil,” OR “safflower oil,” OR “high oleic sunflower oil,” OR
“high oleic safflower oil,” OR “high oleic canola oil,” OR “high oleic rape-
seed oil,” OR “high oleic soybean oil,” OR “olive oil,” AND “heart disease,”
OR “coronary heart disease,” OR, “cardiovascular disease,” AND “serum”
OR “plasma,” OR “blood,” OR “hyperlipidemic,” OR “normolipidemic,”
OR “hypercholesterolemic,” OR “normocholesterolemic,” OR “healthy,”
OR “lipoproteins,” OR “cholesterol,” OR “low-density lipoprotein choles-
terol,” OR “LDL,” OR “high-density lipoprotein cholesterol,” OR “HDL,”
OR “triglycerides,” OR “triacylglycerol,” OR “apolipoproteins,” OR “apolip-
oprotein B,” OR “apoB,” OR “apolipoprotein A-1,” OR “apoA-1.”

Study selection process

A total of 361 abstracts were identified, and 213 were excluded after reviewing
titles and abstracts (Figure 1). After additional searches, full texts of 169 articles
were obtained and examined to determine that inclusion/exclusion criteria
were met for inclusion and the removal of duplicate publications. Overall,
the final number of published studies that examined the plasma lipid and lip-
oprotein effects of substituting HO oils for fats high in SFAs, TFAs, and n—6
PUFAs was 20, 4, and 11, and consisted of 23, 6, and 11 dietary comparisons,
respectively. In some instances, studies contained dietary comparisons of HO
oils with multiple fats and oils relevant to this review.

Data extraction

Data were extracted from each of the final identified studies, including year of
publication, subject characteristics, type of design and duration, control and
intervention diet macronutrient composition, type and amount of control
and intervention oils, and plasma TC, LDL cholesterol, HDL cholesterol,
TGs, TC:HDL cholesterol, and apoB and apoA-1 results.

Outcome measures

For the individual studies included in these analyses we calculated the percentage
of change in the following blood lipid components: TC, LDL cholesterol, HDL
cholesterol, TGs, apoB, and apoA-1, resulting from substituting HO oils for oils
high in SFAs, TFAs, or n—6 PUFAs as follows: blood lipid component (%A) =
(HO oil treatment) — (substituted oil)/(substituted oil) X 100%.

For determining the average percentage of change of each blood lipid
component from all studies that substituted HO oils for oils high in
SFAs, TFAs, or n—6 PUFAs we calculated the weighted mean change
(WMC) percentage that was weighted on the basis of study subject number
as follows:



Abstracts identified through initial
database searches

(m=361)
Excluded: n=213 abstracts by one
>{ investigator based on
inclusion/exclusion criteria
Additional searches of related
published reviews, meta-analyses, -
book chapters, and related articles =1
identified 21 articles
A 4
Full text articles obtained
(n,=169)
Full text articles screened by one
additional investigator based on Excluded 144 studies for not being a quantitative
inclusion/exclusion criteria and study comparison of a HO-oil vs. oil high in SFA, TFA or
design. n-6 PUFA (e.g. fatty acid or fatty acid class
comparisons, n=64); trials of MUFA oils with <70%
.| oleic acid (e.g. canola, n=47); non-randomized
“| studies (n=6); lacked dictary composition data
including types and levels of experimental oils
and/or fatty acids (n=11); <3 weeks treatment
duration (n=10); did not report LDL results (n=6).
N
Final number of articles included in the
systematic review: (ny=25)
(some studies contain multiple HO-oil
vs. comparison fat and/or oil treatments)
A4
| \ |
Articles assessing the effects of Articles assessing the effect of Articles assessing the effect of
substituting high oleic oils (>70% substituting high oleic oils (=70% substituting high oleic oils (=70%
oleic) for saturated fats on blood lipids oleic) for trans fats on blood lipids oleic) for high n-6 PUFA oils

(ns=20) (ns=4)

(mostly LA) on blood lipids

(n;=12)

FIGURE 1 PRISMA flow chart of search strategy and study selection process. HO, high-oleic acid; LA, linoleic acid; TFA, trans FA.

blood lipid component WMC(%)

all studies

(blood lipid component %A;.4, ,,) X (no. subjectsmdy ”)

(1)
total no. subjects,, smdm) _
studies

Results

Composition of HO oils

Table 1 summarizes the FA composition of vegetable oils rele-
vant to this review. Vegetable oils shown in Table 1 which con-
tain oleic acid amounts similar to H-OSBO (i.e., >70% oleic
acid) and whose effects on blood lipid were compared in clin-
ical trials with fats and oils high in SFAs, TFAs, and PUFAs in-
clude olive oil, HO sunflower oil, HO safflower oil, and HO
canola oil. The oleic acid amounts of these HO comparison

oils ranged from 71% to 79% of total FAs compared with
72% and 75% for the 2 varieties of H-OSBO available in the
marketplace. Amounts of SFA, LA, and ALA in the HO com-
parison oils ranged as follows: 6-16%, 10-17%, and 0.1-2%,
respectively, compared with 7% and 10.5%; 16%; and 7%,
3%, and 2.5%, respectively, for the 2 H-OSBO varieties.

Effects of substituting HO oils for fats high in SFAs or
TFAs on plasma lipids and lipoproteins

In this section, 21 studies that consisted of 30 diet comparisons
that primarily assessed the blood lipid effects of substituting di-
etary MUFAs from HO oils (i.e., >70% oleic acid) for isocalo-
ric amounts of fats and oils high in SFAs or TFAs were
reviewed (Table 2).
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Substituting HO oils for fats high in saturated fat
Clinical evidence. A total of 17 controlled crossover inter-
vention studies were analyzed (5, 25, 26, 28—41), consist-
ing of 23 diet comparisons (DCs) and involving a total
of 528 men and women, compared the blood lipid effects
of substituting defined amounts of HO oils (i.e., >70%
oleic acid) for defined amounts of fats and oils high in sat-
urated fat (Table 2). The mean £ SD subject age was 29 =
16y, diet duration was 29 * 7 d; 8 studies used hypercho-
lesterolemic and 9 used normocholesterolemic subjects. In
all studies, dietary SFA amounts were substituted with iso-
caloric or near isocaloric amounts of MUFAs, and in most
(26, 28-36, 39—41) but not all (5, 25, 37, 38), the SFA test
fats were substituted with equivalent amounts of HO oils.
All studies used mixed-food diets that provided total fat
amounts ranging from 30% to 53% of energy (mean:
38.6% of energy), of which the contribution of the satu-
rated and HO oil test fats ranged from 25% to 85% of
the total dietary fat (mean: 64.6%). Some studies de-
scribed the baseline diets as habitual diets or usual diets
with defined amounts of total fat that ranged from 30%
to 46% of energy and SFAs from 10% to 21% of energy
(30, 35, 33) or as a defined standardization diet (40).
Most studies, however, did not adequately describe the
subjects’ baseline diets before the experimental diet pe-
riods. Studies that compared the blood lipid effects of
HO oils solely with baseline or habitual diets were not
included.

The result of substituting HO oils (i.e., >70% oleic acid)
for fats and oils high in SFAs on plasma lipids and lipopro-
teins are summarized in Table 3. Predictably, of the 23 DCs
(5, 25, 26, 28-41), 20 showed that replacing food fats high
in SFAs (e.g., lard, butter, palm oil) with isocaloric amounts
of MUFAs from HO oils such as olive oil, HO sunflower oil,
and HO safflower oil resulted in significant reductions in
plasma TC (WMC: —8.8%; P < 0.05) and LDL cholesterol

(WMC: —12.1%; P < 0.05) in normocholesterolemic and
moderately hypercholesterolemic men and women. When
results from all DCs are considered (n = 23), the WMC in
TC and LDL was —8.0% and —10.9%, respectively (Table 3).
No significant changes were reported in HDL cholesterol
in 15 of 23 DCs (WCM: —0.36%), whereas significant re-
ductions were reported in 7 DCs (WMC: —2.8%; P <
0.05) (5, 29, 37, 38, 40, 35), and 1 DC showed a significant
increase of 5.6% (P < 0.001) (28). The WMC in HDL for
all DCs combined (n = 23) was —1.9%. No significant
changes in TGs was observed in 17 of 23 DCs (WMC:
—2.3%), whereas 4 DCs showed significant reductions in
TGs, ranging from —11.9% to —15.5% (WMC: —13.7%;
P < 0.05) (25, 29, 38), and 2 DCs reported increases
(9.5% and 11.3%, respectively; P < 0.05) (28, 39). Overall,
the WMC in TGs from all 23 DCs was —3.0% (Table 3).
Consistent with the observed reductions in LDL, substitut-
ing HO oils for fats and oils high in SFAs reduced apoB by
a WMC of —7.9% in all 12 DCs that examined this marker
with 7 DCs reporting significant reductions (WMC: —9.8%;
P <0.05) (5, 25, 26, 28, 32, 35, 38) and 5 DCs reporting no
significant changes (WMC: —4.8%) (30, 37, 40). In con-
trast, 10 of the same 12 DCs exhibited no change in apoA-
1 with all 12 DCs, resulting in a WMC of —0.90%. In those
studies that assessed changes in TC:HDL cholesterol, 7 of 8
DCs showed no significant changes (WMC: —2.5%) (34, 37,
39—41), whereas 1 study showed a substantial reduction of
10% (P < 0.0001) (25). Taken together, all DCs that mea-
sured TC:HDL cholesterol resulted in a combined WMC
of —4.0% (Table 3). In a further analysis, when results
from the studies that reported TC:HDL cholesterol (25,
35, 37, 39—41) are combined with calculated changes from
studies that did not (5, 26, 28-34, 36, 38), 19 of 23 DCs
showed a reduction in TC:HDL cholesterol with a mean
reduction of —6.2% (range: 1.8% to —17.9%), suggesting
a more consistent and favorable reduction in this ratio than

TABLE 3 Summary of results from controlled clinical trials that assessed the effects of substituting HO oils for fats and oils high in SFAs,

trans fats, or -6 PUFAs on plasma lipids and lipoproteins’

HO oils for saturated fats

HO oils for trans fats HO oils for PUFA oils

TC Sig.| in 20 of 23 DCs
mean %A —80

LDL-C Sig.| in 20 of 23 DCs
mean %A —109

HDL-C NSA in 15 of 23 DCs
mean %A —-19

TGs, % NSA in 17 of 23 DCs
mean %A —-30

TCHDL-C NSA in 7 of 8 DCs
mean %A —40

apoB Sig.y in 7 of 12 DCs
mean %A —-79

apoA-1 NSA in 10 of 12 DCs
mean %A —09

Sig.} in 6 of 6 DCs

NSA in 6 of 11 DCs

—=57 2.7

Sig. | in 6 of 6 DCs NSA in 7 of 11 DCs
—92 14

Sig.1 in 4 of 6 DCs NSA in 7 of 11 DCs
58 6.6

Sig.} in 5 of 6 DCs NSA in 9 of 11 DCs
—-119 56

Sig. in 4 of 4 DCs NSA in 4 of 5 DCs
=121 —38

Sig.| in 6 of 6 DCs NSA in 4 of 9 DCs?
-73 28

Sig. 1 in 5 of 6 DCs NSA in 7 of 9 DCs
3.7 3.1

' DC, dietary comparison; HDL-C, HDL cholesterol; HO, high oleic oil; LDL-C, LDL cholesterol; mean %A, weighted mean change from the total number of DCs indicated in each
above adjoining row; NSA, nonsignificant change; PUFA, n-6 polyunsaturated FA (primarily linoleic acid); Sig. |, significant reduction at least P < 0.05; Sig. 1, significant increase

at least P < 0.05; TC, total cholesterol.

2 ApoB results were inconsistent as 4 studies showed a significant increase, 4 no change, and 1 a significant decrease.
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is revealed from the DCs in Table 3. These observations are
consistent with a meta-analysis of 35 RCTs in which the in-
vestigators predicted that each 1% energy replacement of
SFAs with MUFAs would decrease TC:HDL cholesterol by
0.029 (21). The observed changes in Table 3 for TC, LDL
cholesterol, HDL cholesterol, and TGs are also, in general,
consistent with the predicted changes from this meta-
analysis (21).

It is noteworthy that 2 RCTs in Malaysian men and
women failed to demonstrate significant reductions in TC
and LDL cholesterol after replacing 6.0% and 7.5% of en-
ergy of SFAs from palm olein-rich high-SFA diets (12.5%
and 16.0% of energy from SFAs, respectively) with equiva-
lent amounts of MUFAs from olive oil (29, 40). Conversely,
2 other RCTs, similar in design and amounts of SFAs from
palm olein-rich diets replaced by MUFAs from HO sun-
flower oil and olive oil, in Spanish women (35) and Dutch
men (39), respectively, showed significant reductions in
TC (P < 0.001) and LDL cholesterol (P < 0.001). Ethnic dif-
ferences notwithstanding, reasons for these inconsistent
findings involving the replacement of SFAs from palm olein
with MUFAs from HO oils are unclear.

Other studies that used different dietary approaches as-
sessed the blood lipid effects of replacing SFAs with equiva-
lent amounts of MUFAs from HO oils. For example, 3
randomized crossover studies compared the effects of re-
placing SFAs from palm oil with MUFAs from HO safflower
oil or HO sunflower oil in which patients consumed liquid
formula diets that contained 40% of energy total fat pro-
vided by a single test fat (23, 24, 27). Consistent with the
findings from the mixed-food diet studies, these studies all
demonstrated significant reductions in TC (P < 0.05) and
LDL (P < 0.05) (mean: —9.7% and —15.7%, respectively),
with no significant changes in HDL cholesterol or TGs
(—2.2% and —3.2%, respectively) (Table 2). In another
crossover controlled feeding trial (5), the blood lipid effects
of a diet high in oleic acid (16.7% of energy), provided
mainly from HO sunflower oil, to an isocaloric amount of
C12:0 + C14:0 + C16:0 SFAs were assessed. Although the
percentage of total dietary fat provided by the HO sun-
flower oil and SFA test fats used in the diets was not de-
scribed, observed reductions in TC, LDL cholesterol,
HDL cholesterol, TGs, apoB, and apoA1 were comparable
with other studies reviewed herein, suggesting that the
amount of HO sunflower oil and SFA test fats used also
were comparable. Taken as a whole, these results are con-
sistent with a review (43) that reported outcomes from 12
studies (44-55) which showed that substituting diets that
contained high SFA food sources such as milk fat, palm
oil, or coconut oil with MUFAs from canola oil signifi-
cantly reduced TC and LDL cholesterol by a mean of
—11.4% and —15.8%, respectively, whereas HDL choles-
terol and TGs were not significantly altered in all but
1 study.

In summary, in clinical studies that assessed the replace-
ment of SFA food sources with equivalent amounts of HO
oils (i.e., >70% oleic acid), most showed significant reductions

in TC, LDL cholesterol, and apoB but without significant
changes in HDL cholesterol, TGs, TC:HDL cholesterol,
or apoA-1.

Observational evidence. Although no RCTs have tested the
effects of replacing SFAs with HO oil-containing MUFA
diets on CHD outcomes, prospective cohort studies have as-
sessed the association of consuming MUFAs compared with
SFAs on CHD risk. In a 14-y prospective study of 80,082 fe-
male nurses that estimated changes in the risk of CHD asso-
ciated with the isocaloric substitution of specific classes of
FAs (56), replacing 5% of energy from SFAs with an isoca-
loric amount from unsaturated fats (i.e., MUFAs + PUFAs)
was associated with 42% lower risk (95% CI: 23%, 56%; P <
0.001), and replacing 5% of energy from SFAs with an
equivalent amount of MUFAs alone reduced risk by a similar
degree. In a follow-up study among 5672 women from the
Nurses’ Health Study with type 2 diabetes (57), replacing
5% of energy from SFAs with an equivalent amount of
MUFAs was associated with a 37% lower risk of CVD
(95% CI: 0%, 60%; P = 0.048). In a review that estimated
the effects of dietary fat consumption on CHD risk on the
basis of TC:HDL cholesterol changes from short-term clin-
ical trials (58), coupled with observed associations between
TC:HDL cholesterol and CHD outcomes from cohort stud-
ies (59), researchers estimated that replacing SFAs with
MUFAs was associated with a reduced relative risk of CHD
(RR: 0.93; 95% CI: 0.89, 0.96) (60). In contrast, a pooled anal-
ysis from 11 American and European cohort studies that con-
sisted of 344,696 individuals (71% women) and 4-10 y of
follow-up observed an increased risk of CHD when 5% of
energy from MUFAs was substituted for an equivalent
amount of SFAs (HR: 1.19; 95% CI: 1.00, 1.42) (61). How-
ever, as noted by these researchers, the results may be due in
part to the intake of TFAs which was included in the sum of
MUFAs despite an adjustment for TFAs in most, but not all,
of the cohort studies. Moreover, the main food source of
MUFAs in these studies is animal fat, and MUFA intake is
highly correlated with SFA intake and moderately correlated
with TFA intake, such that residual confounding because
of meat, dairy, and hydrogenated vegetable oils cannot be
excluded (62).

Substituting HO oils for trans fat

Clinical evidence. Four randomized controlled crossover
intervention trials that consisted of 6 DCs were identified
that compared blood lipid effects of substituting HO oils
compositionally similar with H-OSBO (i.e., >70% oleic
acid) for specified amounts of TFA-containing PHVOs (5,
18, 25, 37) (Table 2). The studies included a total of 197
men and women with a mean age of 43 = 15y, diet duration
of 31 = 5 d; 3 studies used normocholesterolemic subjects
(5, 25, 37) and 1 used hypercholesterolemic subjects (18).
In 4 DCs, dietary TFAs (range: 3.1-11% of energy) was
substituted by an equivalent or near equivalent amount of
MUFAs (5, 25, 37) from HO oils, whereas 1 DC compared
higher amounts of MUFAs with somewhat lower amounts

High-oleic oils and cardiovascular risk 685



of TFAs (i.e., 7% of energy compared with 4.1% of energy,
respectively) (37). One DC, by design, compared the blood
lipid effects of H-OSBO with an equivalent amount of
PHSBO whereby each accounted for 66.6% of total dietary
fat, resulting in unequal amounts of MUFAs compared with
TFAs (ie., 11% of energy from MUFAs compared with
2.2% of energy from TFAs, respectively) (18). All of the
DCs used mixed-food diets that provided total fat amounts
that ranged from 29% to 40% of energy, of which the contri-
bution of PHVO and HO oil test fats ranged from 27% to
66.6% and from 25% to 66.6% of total dietary fat, respec-
tively. In all studies, diets were administered under controlled
feeding conditions in which subjects consumed =1 meal on
site with all other food provided and consumed off site.

Table 2 shows the results of studies that assessed the blood
lipid effects of substituting HO oils that contained >70% oleic
acid for TFA-containing PHVOs. Not surprisingly, all 6 DCs
showed that replacing TFA-containing PHVOs with HO oils
(i.e., olive oil, HO sunflower oil, and H-OSBO) significantly
lowered plasma TC (P < 0.05) and LDL cholesterol (P <
0.05) (WMC: —5.7% and —9.2%, respectively) in normo-
cholesterolemic and moderately hypercholesterolemic men
and women (Table 3). In addition, all 6 DCs showed direc-
tional increases in HDL cholesterol (WMC: 5.8%) with 4 of
6 DCs exhibiting significant increases (P < 0.05) (WMC:
7.3%). All 6 DCs also consistently demonstrated a decrease
in TGs (WMC: —11.9%) with 5 of 6 DCs resulting in signif-
icant reductions (P < 0.05) (WMC: —12.6%). In agreement
with the LDL- and HDL cholesterol changes, all DCs showed
significant reductions in apoB (P < 0.05) (WMC: —7.3%).
Most (5 of 6 DCs) showed significant increases in apoA-
1 (P < 0.05) (WMC: 4.5%); whereas all 6 DCs combined re-
sulted in a WMC of 3.7%. Concurrent with the observed
decreases in TC and increases in HDL cholesterol, 4 of 4
DCs that measured changes in TC:HDL cholesterol reported
significant reductions (18, 25, 37), ranging from —7.4% to
—16.4% (P < 0.05) (WMC: —12.1%). Taken as a whole these
results are consistent with a meta-analysis of 13 RCTs which
showed that for each 1% energy replacement of TFAs with
MUFAs led to significant reductions in TC, LDL cholesterol,
apoB, TGs, and TC:HDL cholesterol, along with increases in
HDL cholesterol and apoA-1 (21). Furthermore, these re-
searchers estimated, based on the effects of TFA, SFA,
MUFA, and PUFA consumption on plasma biomarkers of
CVD risk from controlled clinical trials, that replacing 7.5%
of energy from PHVOs containing 20% TFAs with HO sun-
flower oil would decrease CHD risk by 9.2%.

In summary, in a limited number of RCTs that assessed
replacing TFA-containing PHVOs with HO oils (>70% oleic
acid), all or most showed significant reductions in TC, LDL
cholesterol, apoB, TGs, and TC:HDL cholesterol and signif-
icant increases in HDL cholesterol, and apoA-1.

Observational evidence. In a prospective study of female
nurses from the Nurses’ Health Study (56), researchers esti-
mated that, compared with equivalent energy from carbohy-
drates, the relative risk of CHD for a 2% of energy dietary

686 Huth et al.

replacement from TFAs was 1.93 (95% CI: 1.43, 2.61; P <
0.001), whereas replacing 2% of energy from TFAs with
the same amount of unsaturated fats (i.e., MUFAs + PUFAs)
was associated with a 53% lower risk, and, when replaced
only by MUFAs, an apparent similar degree of risk reduction
was observed (56). In a pooled analysis that included results
from the Nurses” Health Study and another large prospective
cohort study (21), researchers estimated that replacing 7.5%
of energy from PHVOs with either HO sunflower oil or SBO
reduced CHD risk by 15.9% and 21.8% respectively.

Substituting HO oils for high-PUFA oils

Clinical evidence. Twelve controlled clinical intervention
studies compared the blood lipid effects of substituting
HO oils compositionally similar to H-OSBO (i.e., >70%
oleic acid) for equivalent amounts of oils high in PUFAs
(primarily LA) (Table 4). The studies included a total of
369 men and women aged 18—69 y with dietary treatments
that ranged from 21 to 84 d (mean: 36 d); 7 studies used
normocholesterolemic (28, 30, 33, 63-65, 67) and 5 used
hypercholesterolemic (18, 23, 66, 68, 69) subjects. In all of
the studies, the high-PUFA test fats were substituted with
equivalent or near equivalent amounts of HO oils, and in
most (23, 28, 30, 63-66, 68, 69), but not all studies
(18), dietary PUFAs were substituted with equivalent
amounts of MUFAs. In the latter study the blood lipid effects
of H-OSBO was compared with an isocaloric amount of
SBO, resulting in a somewhat higher substitution of MUFAs
compared with PUFAs (12.4% of energy from MUFAs com-
pared with 9.9% of energy from PUFAs, respectively) (18).
Most studies used mixed-food diets that provided total fat
amounts that range from 29% to 40% of energy (mean:
34.9% of energy), of which the contribution of the PUFA
oils to total dietary fat ranged from 20.4% to 81% (mean:
54.9%) and HO oils ranged from 19.5% to 81% (mean:
56.3%). In one crossover study, researchers used liquid for-
mula diets (23), wherein the test fats were the sole source of
fat calories in 40% of energy fat diets.

Summarized in Table 3 are the results of 11 studies that
assessed the effect of substituting HO oils for equivalent or
near equivalent amounts of high-PUFA oils on plasma lipids
and lipoproteins in subjects that consumed the test fat as
part of mixed-food diets (18, 28, 30, 33, 63-69). Six of 11
studies exhibited no significant changes in TC (WMC:
2.1%) (18, 28, 64, 65, 68, 69), whereas 4 studies resulted
in a significant increase (P < 0.05) (WMC: 8.4%) (30, 33,
66, 67), and 1 showed a significant decrease (—4.4%; P <
0.05) (63). Pooling the results from all studies resulted in
a WMC in TC of 2.7%. Similarly, 7 of 11 DCs showed no
significant changes in LDL cholesterol (WMC: —0.20%)
(18, 30, 28, 64, 65, 66, 69), whereas 3 studies showed a sig-
nificant increase (P < 0.05) (WMC: 10.5%) (33, 67, 68), and
1 study exhibited a significant decrease (—5.0%; P < 0.05)
(63). The combined results from all studies showed a
WMC in LDL cholesterol of 1.4% (Table 3). No significant
change in HDL cholesterol was observed in 7 of 11 studies
(WMC: 1.0%) (18, 30, 63, 65, 66, 68, 69) whereas 4 studies
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exhibited significant increases in HDL cholesterol (P < 0.05)
(WMC: 11.8%) (28, 33, 64, 67). The combined results from
all 11 studies showed an increase in HDL cholesterol (WMC:
6.6%). No significant change in plasma TGs was observed in
9 of 11 studies (WMC: 3.9%), whereas 2 studies exhibited
significant increases (10.5%, P < 0.05 and 14.4%, P <
0.05, respectively) (28, 33). The combined results from all
studies showed an overall WMC of 5.6% in TGs. In the
5 studies that measured TC:HDL cholesterol (18, 52,
55-57), 4 showed no significant changes (WMC: 0.3%),
whereas 1 crossover study (64) reported a significant de-
crease in TC:HDL cholesterol of —12.0% (P < 0.005). Com-
bining outcomes from all 5 studies showed a WMC in TC:
HDL cholesterol of —3.8%. In the 9 studies that reported
apoB results (18, 28, 30, 65-69), most showed changes
that were directionally consistent with the changes observed
for LDL cholesterol (30, 63, 66—69). However, the observed
amounts of change in apoB were mixed, wherein 4 studies
showed relatively small, nonsignificant alterations (WMC:
1.4%) (18, 65, 66, 69), and 4 reported relatively large and
significant increases (P < 0.05) (WMC: 12.2%) (30, 28,
67, 68), and 1 showed a significant reduction (—6.2%; P <
0.05) (63). All studies taken together showed a WMC in
apoB of 2.8% (Table 3). Similarly, in the 9 studies that re-
ported apoA-1 results (18, 28, 30, 62, 64—68), most showed
changes that were directionally consistent with the changes
observed for HDL cholesterol (18, 28, 30, 65-69). Seven of
9 studies showed little change in apoA-1 (WMC: 1.9%)
(18, 30, 63, 66—69), whereas 2 studies showed a significant
increase (12.3%, P < 0.001 and 4.5%, P < 0.001, respec-
tively) (28, 65). All studies combined exhibited a WMC
for apoAl of 3.1%. In general, the findings in this review
of substituting HO oils for high-PUFA oils are directionally
consistent with a meta-analysis of 35 clinical trials which
showed that each 1% of energy isocaloric replacement of
MUFAs with PUFAs resulted in significant reductions in
TC and LDL cholesterol (P < 0.05), and nonsignificant
changes in HDL cholesterol, TGs, TC:HDL cholesterol,
apoB, and apoA-1 (21).

In summary, in 11 controlled intervention studies that
examined the plasma lipid and lipoprotein effects of
substituting HO oils (i.e., >70% oleic acid) for equivalent
amounts of oils high in PUFAs (mainly LA), most showed
nonsignificant change in TC, LDL cholesterol, HDL choles-
terol, TGs, apoB, apoA-1, and TC:HDL cholesterol, albeit
the directional changes shown in Table 3 suggest that oils
high in n—6 PUFAs may have a slightly more favorable effect.

Observational evidence. In a meta-analysis that assessed
the effect of replacing TFA-containing PHVOs with high-
MUFA or high-PUFA vegetable oils on CHD risk, re-
searchers estimated, based on blood lipids and lipoprotein
results from 13 controlled clinical trials, that replacing
7.5% of energy from PHVOs with HO sunflower oil or
SBO reduced risk by 9.2% and 8.8%, respectively (21).
When the effects were estimated on the basis of CHD out-
comes from prospective cohort studies, the magnitude of

CHD risk reduction was 15.9% and 21.8%, respectively.
The researchers noted that it was not clear whether the pre-
dicted CHD risk reductions based on clinical trials is an un-
derestimation or if the reductions based on cohort studies is
an overestimation. Other cohort studies have assessed the
association between specific dietary FAs and CVD risk. In
the Nurses’ Health Study (56), when modeling an isocaloric
replacement of 2% of energy from TFAs with either MUFAs
or PUFAs after adjustments for dietary confounders, includ-
ing SFAs, PUFAs, MUFAs, TFAs, cholesterol, protein, calo-
ries, fiber, and nondietary covariates, both were associated
with a similar marked reduction in CHD risk. Likewise,
when modeling the isocaloric replacement of 5% of energy
from SFAs with MUFAs or PUFAs, each resulted in substan-
tial reductions in CHD risk with PUFAs having a somewhat
greater effect. In contrast, a pooled analysis of 11 cohort
studies (61), showed a significant reduction in the risk of
coronary events (HR: 0.87; 95% CI: 0.77, 0.97) and coronary
deaths (HR: 0.74; 95% CI: 0.61, 0.89) when 5% of energy
from PUFAs replaced an equivalent amount of SFAs,
whereas, when the same amount of MUFAs were substituted
for SFAs, there was an indication of a direct association with
the risk of coronary events (HR: 1.19; 95% CI: 1.00, 1.42)
but not between substitution of MUFAs and risk of coronary
deaths (HR: 1.01; 95% CI: 0.73, 1.41). The researchers noted
that the indication of an increased risk of CHD associated
with a lower intake of SFAs and an isocalorically higher in-
take from MUFAs may be due in part to the intake of
TFAs, which was included in the sum of MUFAs. Further-
more, the main sources of MUFAs was animal fat, whereby
confounding from other dietary components in meat and
dairy products cannot be excluded. As noted by others
(62), results from prospective trials are challenging to inter-
pret because MUFA intake is highly correlated with SFA in-
take and is moderately correlated with intakes of PUFAs and
TFAs (56), suggesting that caution is warranted in the inter-
pretation of such results.

Discussion

H-OSBO is a trait-enhanced oil high in oleic acid (>72-
75%) and low in n—-6 and n-3 PUFAs and SFAs (70, 71).
The primary goal of these trait enhancements was to create
an oil with superior functional properties, including high
heat and oxidative stability for use in the food service and
food manufacturing industry as an alternative to partially
hydrogenated vegetable oils (72). Regular SBO is the domi-
nant edible oil in the marketplace and is a primary contrib-
utor of PUFAs in the US diet (73). H-OSBO is predicted to
replace a substantial portion of US SBO in the near future.
In view of the lack of information about the health effects
of H-OSBO, this review was undertaken to provide insight
into the potential benefits of H-OSBO on CHD risk by as-
sessing the available evidence from dietary RCTs on the ef-
fects of substituting HO oils compositionally similar to
H-OSBO for equivalent amounts of fats and oils rich in
SFAs, TFAs, and PUFAs on qualitative and quantitative
changes in plasma lipids and lipoproteins.
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In the present review of controlled intervention studies in
which diets high in SFA sources (e.g., butter, lard, palm oil, co-
conut oil were substituted with equivalent amounts of HO oils
compositionally similar to H-OSBO (i.e., >70% oleic acid),
most studies predictably showed significant reductions in
plasma TC, LDL cholesterol, and apoB but with little change
in HDL cholesterol, TGs, TC:HDL cholesterol, or apoA-1.
Support for these findings was shown in a review of the blood
lipid effects of canola oil in which nearly all of the studies
showed that substituting diets high in SFA food sources with
high MUFAs from canola oil (62% MUFAs, 28% PUFAs,
7% SFAs) significantly reduced TC and LDL cholesterol,
whereas HDL cholesterol and TGs were not significantly al-
tered (43). In addition, prospective cohort studies that assessed
the effect of consuming MUFAs compared with SFAs on CHD
risk in female nurses showed a reduction in risk when 5% of
energy was substituted for an equivalent amount of SFAs (56).
In a study among nurses with type 2 diabetes, researchers es-
timated that replacing 5% of energy from SFAs with an equiv-
alent amount of MUFAs was associated with a 37% lower risk
of CVD (57). Conversely, results from a pooled analysis of 11
cohort studies showed an indication of an increased risk
of coronary events when 5% of energy from MUFAs was
substituted for an equivalent amount of SFAs (61). The re-
searchers noted, however, that their results may be influenced
in part by the intake of TFAs which was included in the sum of
MUFAs despite an adjustment for TFAs in most, but not all, of
the cohort studies. These researchers and others (62) also
noted that the main food source of MUFAs is animal fat,
and MUFA intake is highly correlated with SFA intake and
moderately correlated with TFA and PUFA intakes (56),
whereby the intakes of meat, dairy, and hydrogenated vegeta-
ble oils may produce residual confounding. For instance, in
1 study (57), MUFA intake was associated with an increase
in CVD risk in the highest compared with lowest quintile of
intake after age-adjusted analysis (RR: 1.22; 95% CI: 0.95,
1.56). However, when adjusted for dietary and nondietary co-
variates, the association was attenuated (RR: 1.10; 95% CI:
0.82, 1.46), and after additional adjustment for SFAs, PUFAs,
TFAs, and cholesterol, the direction of association was re-
versed, revealing a nonsignificant decrease in CVD risk (RR:
0.84; 95% CI: 0.53, 1.34). In the present review of controlled
intervention studies that compared the effect of substituting
SFA fat sources with equivalent amounts of HO oils on TC:
HDL cholesterol (i.e., 10.6% of energy from SFAs replaced
by 10.5% of energy from MUFAs), 7 of 8 DCs showed lower
nonsignificant reductions, albeit there was a favorable
weighted mean reduction of 4.0%. Interestingly, in a meta-
analysis of the effects on CHD risk of consuming MUFAs in
place of SFAs on the basis of changes in TC:HDL cholesterol
from controlled clinical trials, researchers (60) estimated that
replacing 5% of energy of SFAs with an equivalent amount
of MUFAs was associated with a 7% reduction in CHD risk.

Although numerous clinical trials have examined the ef-
fect of replacing TFAs with other fats and oils on plasma
lipids and lipoproteins (21), only a limited number of RCTs,
consisting of 6 DCs, were identified in which the types and
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amounts of HO oils and TFA-containing PHVOs used in
the experimental diets were adequately described (5, 18, 25,
37). In these RCTs, when TFAs from PHVOs was replaced
with equivalent amounts of HO oils, all or most showed sig-
nificant reductions in TC, LDL cholesterol, apoB, TGs, and
TC:HDL cholesterol (P < 0.05) along with significant increases
in HDL cholesterol and apoA-1 (P < 0.05). These findings are
supported by a meta-analysis of 13 RCTs which showed that
for each 1% of energy isocaloric replacement of TFAs with
MUFAs lead to significant decreases in TC, LDL cholesterol,
apoB, TGs, and TC:HDL cholesterol, along with increases in
HDL cholesterol and apoA-1 (21). Similarly, in the only
RCT that examined the blood lipid effects of H-OSBO
in a controlled crossover diet study, substituting TFA-
containing PHVOs with an equivalent amount of H-OSBO
resulted in significant reductions in TC, LDL cholesterol,
apoB, and TC:HDL cholesterol and an increase in apoA-1
(P < 0.05), whereas amounts of HDL cholesterol and TGs
did not change (18).

Results from prospective cohort studies were consistent with
the clinical trial evidence. In female nurses from the Nurses’
Health Study, replacing 2% of energy from TFAs with the same
amount of unhydrogenated, unsaturated fats (i.e., MUFAs +
PUFAs) was associated with a 53% lower risk of CHD, and,
when replaced by an equivalent amount of MUFAs alone, a sim-
ilar reduction in risk was seen (56). In a meta-analysis that esti-
mated the effects of replacing PHVOs with other fats and oils
on CHD from a pooled analysis of 4 large prospective cohort
studies (21), it was estimated that replacing 7.5% of energy
from PHVOs with an equivalent amount of HO sunflower oil
would reduce CHD risk by 15.9%, whereas replacement with
SBO produced the largest risk reduction of 21.8%.

In the present review of 11 controlled dietary trials that
examined the effects of substituting HO oils for equivalent
amounts of high PUFA oils that consisted primarily of LA,
most showed little changes in plasma lipids and lipopro-
teins. In general, these findings are directionally consistent
with a meta-analysis of 35 clinical trials which showed
that for each 1% of energy isocaloric replacement of MUFAs
with PUFAs resulted in minor reductions in HDL choles-
terol, TGs, apoB, apoA-1, and TC:HDL cholesterol, whereas
TC and LDL cholesterol were significantly reduced albeit to
a relatively small degree (—0.015 and —0.010 mmol/L, re-
spectively; P < 0.05) (21). In the only RCT that compared
the effect of substituting H-OSBO for an equivalent amount
of SBO (high in LA) on CVD risk factors (18), no significant
differences in TC, LDL cholesterol, HDL cholesterol, TGs,
TC:LHD cholesterol, apoB, or apoA-1 was observed after
5 wk of consuming mixed-food diets that contained 30%
of energy as fat of which two-thirds was provided by the
SBO test fats. Similarly, no significant changes in TC, LDL
cholesterol, HDL cholesterol, and TGs was found in subjects
consuming liquid formula diets for 28 d in which HO saf-
flower oil or high-LA safflower oil served as the sole source
of fat calories in 40% of energy fat diets (23). In another
study the cholesterol-lowering effects of MUFAs and PUFAs
were compared in a dose-response crossover design in which



4 test diets contained MUFA/PUFA amounts of 17/3% of
energy, 14/6% of energy, 10/10% of energy, and 6/14% of en-
ergy respectively (74). After 6 wk on each diet, there was a
progressive decrease in TC and LDL cholesterol and an in-
crease in TGs as PUFAs replaced MUFAs, with the greatest
decreases in TC and LDL cholesterol observed in diets with
the highest amount of PUFAs, suggesting a greater benefit
for high-PUFA diets. However, in an ANOVA analysis across
the 4 diets the trend was significant for TC and TGs but was
not significant for LDL cholesterol, HDL cholesterol, apoB,
or apoA-1. Although no clinical trials have compared HO
oils with high-PUFA oils on CHD outcomes, 1 study pre-
dicted, based on changes in TC:HDL cholesterol from
short-term RCTs along with observational associations
from cohort studies, that each 5% of energy replacement
of SFAs with PUFAs or MUFAs would reduce occurrence
of CHD by 9% and 7%, respectively (60). With the use of
a similar approach that involved results from short-term
RCTs, it was estimated that replacing 7.5% of energy from
PHVOs with SBO or HO sunflower oil would decrease
CHD risk by 8.8% and 9.2%, respectively (21).

Although little clinical trial evidence is available related to
the effect of HO oils on CHD outcomes, results from the
PREDIMED trial, a long-term primary prevention feeding
study that spanned 4.8 y in which participants consumed
a Mediterranean diet supplemented with extra-virgin olive
oil, resulted in a reduced incidence of major CVD events
by ~30% compared with a control low-fat diet group
(75). The Mediterranean diet contains a number of potential
dietary components that may favorably affect CHD out-
comes. In a systematic review of the effect of dietary factors
and CHD risk (76), strong evidence from prospective cohort
studies supported a link between potential protective dietary
factors, including the intake of the Mediterranean diet,
MUFAs, nuts, and vegetables and CHD risk, whereas evi-
dence from clinical trials also corroborated the beneficial ef-
fects of the Mediterranean diet but not for specific dietary
factors, including MUFAs, because their effect on CHD out-
comes has not yet been clinically evaluated. Thus, a lack of
clinical evidence remains to link the FA composition of HO
oils similar to H-OSBO to CHD outcomes.

There are obvious limitations to the conclusions that can
be drawn from the findings of this review related to the car-
diovascular health implications of consuming H-OSBO be-
cause most of the clinical and epidemiologic results were
derived from studies that evaluated HO oils other than
H-OSBO. In addition, although the HO oils assessed in this
review are similar in their FA composition, the level of the un-
saponifiable fraction can vary substantially between different
HO oil types. Major strengths include incorporating only
controlled clinical trials that used HO oils substantially sim-
ilar to H-OSBO (i.e., >70% oleic acid) and reasonably sim-
ilar amounts of SFA, LA, and ALA (Table 1). In addition,
most of the controlled diet studies that examined the blood
lipid effects of HO oils compared with fats and oils high in
SFAs, TFAs, or PUFAs contained isocaloric substitutions of
the comparison oils and the comparison FAs, thus allowing

for both an oil compared with oil and FA compared with FA
assessment (15, 21-27, 29-38, 60-62, 64, 65).

In conclusion, the strength of the evidence related to the
cardiovascular health implications of consuming H-OSBO
suggests that the dietary replacement of fats and oils high
in SFAs or TFAs with H-OSBO would favorably affect
plasma lipids and lipoprotein CHD risk factors and the
risk of CHD. Furthermore, the replacement of diets high
in SFAs or TFAs with either H-OSBO or vegetable oils
high in PUFAs (e.g., SBO, sunflower oil, corn oil) would
have favorable and comparable effects on CHD risk factors
and overall CHD risk.
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