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ABSTRACT
Background: Novel oils high in monounsaturated fatty acids (MUFAs) and low in saturated fatty acids (SFAs) are an

alternative to partially hydrogenated oils high in trans-unsaturated fatty acids. There is widespread use of high-MUFA oils

across the food industry; however, limited knowledge of their cardiovascular impact exists.

Objective: We investigated the effects of diets containing canola oil, high-oleic acid canola oil (HOCO), and a control oil

blend (diet formulated to emulate a Western fat profile) on lipids, lipoproteins, and apolipoproteins (apos), as secondary

outcomes of the trial.

Methods: In a multi-center, double-blind, randomized, 3-period crossover, controlled feeding trial, men (n = 44) and

women (n = 75) with a mean age of 44 y, mean body mass index (BMI; in kg/m2) of 31.7, and an increased waist

circumference plus ≥1 metabolic syndrome criteria consumed prepared, weight-maintenance diets containing canola

oil [17.5% MUFAs, 9.2% polyunsaturated fatty acids (PUFAs), 6.6% SFAs], HOCO (19.1% MUFAs, 7.0% PUFAs, 6.4%

SFAs), or control oil (10.5% MUFAs, 10.0% PUFAs, 12.3% SFAs) for 6 wk with ≥4-wk washouts. Fasting serum lipids

were assessed at baseline and 6 wk. Diet effects were examined using a repeated measures mixed model.

Results: Compared with the control, canola and HOCO diets resulted in lower endpoint total cholesterol (TC; −4.2%

and −3.4%; P < 0.0001), LDL cholesterol (−6.6% and −5.6%; P < 0.0001), apoB (−3.7% and −3.4%; P = 0.002), and

non-HDL cholesterol (−4.5% and −4.0%; P = 0.001), with no differences between canola diets. The TC:HDL cholesterol

and apoB:apoA1 ratios were lower after the HOCO diet than after the control diet (−3.7% and −3.4%, respectively).

There were no diet effects on triglyceride, HDL cholesterol, or apoA1 concentrations.

Conclusions: HOCO, with increased MUFAs at the expense of decreased PUFAs, elicited beneficial effects on lipids

and lipoproteins comparable to conventional canola oil and consistent with reduced cardiovascular disease risk in adults

with central adiposity. This trial was registered at www.clinicaltrials.gov as NCT02029833. J Nutr 2019;149:471–478.
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Introduction

Reduction of dietary SFAs and replacement with unsaturated
fatty acids in the context of a healthy diet represents a
cornerstone of nutritional recommendations for the prevention
and treatment of cardiovascular disease (CVD) (1–4). Canola
oil is a commonly consumed vegetable oil that is low in SFAs,
moderate in PUFAs, and rich in MUFAs (62% oleic acid) (5),
with numerous cardioprotective benefits (6, 7). Canola oil is also
available in a high-oleic acid variety (HOCO; 71% oleic acid)
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that is equivalent in SFAs and proportionally lower in PUFAs
(8).

The development of HOCO and incorporation into the food
supply was spurred, in part, by the recognition of the adverse
cardiovascular health effects of industrially produced trans-
unsaturated fatty acids (TFAs) from partially hydrogenated
vegetable oils (PHVOs) (9). High-MUFA oils are a reasonable
substitute for TFA-containing fats and oils given their favorable
fatty acid profiles that are consistent with dietary guidance and
their ability to achieve or exceed the functional characteristics
of PHVOs (i.e., oxidative stability, shelf life, fry life, neutral
flavor) (10–12). Food applications for HOCO include replacing
margarine and shortening in commercial baked goods and
frying oil for restaurant deep-frying and commercial frying of
packaged snacks and chips (10, 12). These foods are primary
energy sources among US adults (13). Given the FDA’s required
removal of added TFAs (14), high-MUFA oils are becoming the
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“new standard” of oil across the food industry and, thus, intake
is likely to become pervasive.

Research involving the cardiovascular health impact of
HOCO on atherogenic biomarkers is scarce (15, 16). Of
particular concern is that widespread consumption of higher-
MUFA, lower-PUFA oils will decrease the intake of total PUFAs,
the preferred class of unsaturated fatty acids to replace SFAs
in the context of a healthy diet for cardioprotection (17).
Although conventional canola oil has beneficial effects on
CVD lipid and lipoprotein biomarkers (6), we cannot assume
that increased MUFAs at the expense of decreased PUFAs in
HOCO will elicit identical impacts. We previously investigated
the effects of consuming oils with differing unsaturated fat
profiles, including HOCO and regular canola oil, in individuals
with metabolic syndrome (MetS) criteria in the Canola Oil
Multi-center Intervention Trial I (COMIT I), the trial preceding
the project herein. The canola and HOCO treatments did
not differ in endpoint lipids, lipoproteins, or apos following
4 wk of feeding (16). COMIT II was conducted to address
additional knowledge gaps of the effects of HOCO on novel
and established CVD risk markers.

The objective of the present study was to examine the effects
of diets containing conventional canola oil and HOCO on
lipids, lipoproteins, and apos compared to a control diet with
a fatty acid composition characteristic of a Western diet in
individuals with MetS risk factors. We hypothesized the lipid,
lipoprotein, and apo response would be similar between the
two canola diets, with greater benefit relative to the Western
diet. This article presents the first systematic assessment of the
shift in fatty acids in reformulated canola oil compared with
conventional canola oil, as well as a Western diet fat profile.

Methods
Participants
Males and females (aged 20–65 y) with MetS risk factors were
eligible for the study. Risk for MetS was defined as an increased
waist circumference (International Diabetes Federation cut points:
men ≥94 cm, women ≥80 cm) plus at least one of the following
secondary inclusion criteria: elevated fasting blood glucose (≥5.6
mmol/L), TG (≥1.7 mmol/L), systolic blood pressure (≥130 mmHg),
diastolic blood pressure (≥85 mmHg); and/or decreased high-density
lipoprotein cholesterol (HDL cholesterol; men <1 mmol/L, women
<1.3 mmol/L). Exclusion criteria included: smokers; consumption of
>14 alcoholic beverages per week; use of prescription lipid-modifying
medications in the last 3 mo or chronic anti-inflammatory medications;
kidney disease, liver disease, diabetes, or uncontrolled thyroid disease;
and pregnant or lactating women.

Study design
COMIT II was a double-blind, randomized, controlled feeding,
crossover, clinical trial that consisted of three, 6-wk feeding periods
separated by ≥4-wk washout periods. The trial was conducted from
2014–2016 at 4 research centers in North America [Richardson Center
for Functional Foods and Nutraceuticals, University of Manitoba
(RCFFN); Institute of Nutrition and Functional Foods, Laval University
(INAF); Canadian Center for Agri-Food Research in Health and
Medicine, St. Boniface Hospital Albrechtsen Research Center (SBRC);
Departments of Nutritional Sciences and Biobehavioral Health, The
Pennsylvania State University]. The respective centers’ ethics review
boards approved the COMIT II protocol and related documents, and
the procedures followed were in accordance with the Declaration of
Helsinki as revised in 1983. All participants provided written informed
consent at screening prior to enrollment. Randomization.com was used
to generate the random allocation sequence, with 6 possible sequences

TABLE 1 Macronutrient composition of the 3 experimental
diets containing the oils1

Canola oil diet HOCO diet Control oil diet

Protein 15.87 15.87 15.71
Carbohydrate 50.79 50.79 50.75
Fat 35.26 35.26 35.21

MUFA 17.45 19.11 10.50
Oleic acid 15.55 17.86 5.92

PUFA 9.21 7.02 9.96
α-Linolenic acid 2.10 0.76 1.73
Linoleic acid 6.42 5.56 7.28

SFA 6.56 6.43 12.26

1The average macronutrient composition from the 7-d rotating menu, estimated
at 3000 kcal, using Food Processor Nutrition Analysis Software (ESHA Research).
Nutrients are presented as percentage of total energy. HOCO, high-oleic acid canola
oil.

and an allocation ratio of 1:1:1:1:1:1. The sequences were assigned to
each participant in the prespecified order as he or she was enrolled
in the trial by the study coordinators. This trial was registered at
www.clinicaltrials.gov as NCT02029833.

In COMIT I, the feeding periods were 4 wk in length (18), however,
a 6-wk feeding period was chosen for COMIT II to allow assessment of
the effects of prolonged intervention on CVD risk markers. Although
lipids are responsive to dietary intervention by 14 d, 6 wk allowed
the participants to reach a steady state of lipid concentrations (19)
and also accommodated assessment of other outcomes that require
longer duration for measurable change (i.e., body composition, vascular
measures). A break of a minimum of 4 wk between diet periods was
selected for compliance purposes and to reduce participant scheduling
burden; this also ensured sufficient washout of the prior diet effects.

Controlled diets and oil interventions
During the feeding periods, participants were provided with an
isocaloric, healthy, weight-maintenance base diet with one of the fol-
lowing oils: canola oil (Canola Harvest 100% Canola Oil, Richardson
International), HOCO (Canola Harvest High Oleic Low Linolenic
Canola Oil, Richardson International, Canada), or control oil [blend
of ghee (Verka), safflower oil (eSutras), coconut oil (eSutras), and
flaxseed oil (Shape Foods)]. The conventional canola oil and HOCO
contained approximately 60% and 70% oleic acid, respectively. HOCO
is a specialty canola cultivar that was developed through traditional
plant breeding (11) to selectively reduce the total PUFA content,
namely linoleic and α-linolenic acids, resulting in a higher oleic acid
and proportionately lower PUFA content compared with conventional
canola. The oil blend in the control diet was approximately 49% ghee,
29% safflower oil, 14% flaxseed oil, and 8% coconut oil, and was
designed so that when it was added to the base diet the overall fat profile
approximated the average fatty acid profile of a contemporary Western-
style diet. The most recent estimate of average intake among US adults
(NHANES 2015–2016) for SFAs, MUFAs, and PUFAs is 12%, 12%,
and 8% of total energy, respectively (20).

The 3 experimental diets were identical in percentage of energy
from macronutrients, but differed in fatty acid composition due to the
presence of the intervention oils (Table 1). The kitchen staff at each
site prepared breakfast, lunch, dinner, and snacks for the participants,
adhering to a 7-d rotating menu. The diets were calorie controlled for
weight maintenance, calculated using the Harris Benedict Formula, and
monitored by daily weighing at each participating center prior to food
pick-up. If a participant exhibited weight change during the first 2 wk
of diet period 1, the caloric content was adjusted appropriately by
switching to a higher or a lower calorie menu (menus were available
in 300 kcal increments). The canola experimental diets were higher in
MUFAs and lower in SFAs compared with the control diet.

The oils were incorporated into a smoothie containing frozen
strawberries, orange sherbet, and skim milk, which was divided into
2 portions and consumed daily in the morning and evening to avoid
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gastrointestinal distress from the fat load. The total volume of the
smoothie and relative proportion of the ingredients (non-oil ingredients
1:1:1) was adjusted to participants’ caloric needs. For example, for a
3,000 kcal/d diet, the smoothie contained 60 g oil, 200 g skim milk,
200 g strawberries, and 200 g orange sherbet. The intervention oils
provided approximately 18% of total energy for all levels of caloric
intake.

Participants were instructed to consume all foods provided and to
avoid consumption of extraneous food items and calorie-containing
beverages. Measures to optimize compliance have been described
previously (16). All study personnel and participants were blinded to the
diets, with the exception of the kitchen staff responsible for smoothie
preparation.

Sample collection and analyses
Participants underwent various clinical tests on 2 consecutive days
at baseline (days 1 and 2) and endpoint (days 41 and 42) of
each diet period, and the mean values were calculated for all
parameters. Anthropometric measures included weight, height, and
waist circumference, and clinical procedures included seated blood
pressure, DXA scans, and fasting blood draw. All blood draws followed
12 h without food or drink except water and 48 h without alcohol.
Blood was allowed to clot, separated by centrifugation, aliquoted into
microtubes, and stored at −80◦C. Frozen serum samples were shipped
on dry ice to St. Michael’s Hospital (Toronto, ON, Canada), the central
laboratory for multi-site analyses of lipids, lipoproteins, and apos.

The endpoints of interest were total cholesterol (TC), TG, LDL
cholesterol, HDL cholesterol, non-HDL cholesterol, apolipoprotein A1
(apoA1), apolipoprotein B (apoB), and the TC:HDL cholesterol and
apoB:apoA1 ratios. TC, TG, and HDL cholesterol were quantitatively
determined by an enzymatic, colorimetric method on a Roche/Hitachi
cobas c 501 analyzer (Roche Diagnostics). LDL cholesterol was
estimated according to the Friedewald equation (21). However, for
4 time point samples, due to high serum TG concentrations (>4.52
mmol/L), LDL cholesterol was not calculated and recorded as a
missing value. Non-HDL cholesterol was calculated as TC – HDL
cholesterol. ApoA1 and apoB were quantitatively determined by
endpoint nephelometry on a BN ProSpec nephelometer (Siemens). The
TC: HDL cholesterol and apoB: apoA1 ratios were calculated from
original values.

Statistical methods
The primary outcome of COMIT II was body composition with
supplementary measurement of visceral adiposity measured by DXA
(www.clinicaltrials.gov NCT02029833). Outcomes reported herein are
secondary outcomes. Statistical analyses were performed using SAS 9.4
(SAS Institute Inc.). The primary analysis was endpoint-to-endpoint
comparison (mean of days 41 and 42) of lipids, lipoproteins, and apos
across the 3 diets. A secondary analysis was performed to assess absolute
change from baseline within each diet. Data were analyzed per protocol
to assess the efficacy of the diet response and missing data were not
imputed. Participants with a weight change of >5% during any diet
were removed from the analyses to eliminate the confounding effects of
substantial weight change on the outcomes. All values for the primary
and secondary analyses are presented as least squares mean ± SEMs
and P ≤ 0.05 was considered significant.

The effects of the diets on the lipid, lipoprotein, and apo outcomes
were assessed using a repeated measures mixed model (proc mixed),
with subject, diet sequence, and study center as random effects and time
as the repeated effect. Factors assessed in the model include diet (canola
oil diet, HOCO diet, control oil diet), time (diet period 1, 2, 3), sex
(male, female), center (RCFFN, INAF, SBRC, The Pennsylvania State
University), and diet sequence, and the following interactions: diet-by-
time, diet-by-sex, diet-by-center, and diet-by-sequence. The diet-specific
baseline value of the dependent variable was used as a covariate. Final
models included diet and only significant terms. Tukey–Kramer adjusted
P values were used for multiple pairwise comparisons between diets,
only when there was a significant main effect of diet. Normality of the
residuals from the final models was assessed and nonnormal dependent

Randomly assigned
(n=174)

Completed (n=125)

Dropped out (n=49)
• Illness/accident unrelated to 

diet (n=7)
• Pregnancy (n=1)
• Diet issues (n=11)
• Medical recommendation 

(n=6)
• Family/job issues (n=8)
• Moving away (n=4)
• Unknown (n=7)
• Exceeded max washout (n=5)

Included in analysis of 
secondary outcomes 

(n=119)

Excluded from analysis of 
secondary outcomes (n=6)

• >5% weight change (n=6)

Screened in clinic 
(n=408)

Did not meet criteria or declined 
to participate (n=234)

FIGURE 1 Flow diagram of the COMIT II participants for inclusion
in the lipid and lipoprotein outcome analyses. COMIT, canola oil
multicenter intervention trial; max, maximum.

variables were log transformed. Within-diet changes from baseline were
assessed by the least squares means P values from the final mixed model
output. The effect of the diets on DXA-measured weight (both endpoint
and change from baseline) was assessed as described above.

The COMIT II sample size was calculated according to the primary
outcome, body composition, and a sample size of 140 was determined
to detect a 55 g change in android fat mass using the variance parameter
in android fat mass from the COMIT I trial (22), and assuming a 20%
dropout rate. For analysis of the secondary outcomes, a sample size of
119 offered 97% power to detect a difference of 10% in LDL cholesterol
between diets, with α = 0.017.

Results
Baseline characteristics

The flow of participants through COMIT II and inclusion for
the lipid and lipoprotein analyses are depicted in Figure 1. One
hundred and twenty-five participants completed the study, with
a dropout rate of ∼28%. Participants who had a weight change
of >5% during any diet period were removed (n = 6). Table
2 presents the baseline characteristics (diet period 1, days 1
and 2) of the remaining COMIT II participants included in
the analyses (n = 119). Participants were predominately female
and middle-aged with class I obesity (BMI 30.0–34.9 kg/m2).
Approximately 38% of the participants met the clinical criteria
for a MetS diagnosis at baseline (i.e., at least 3 risk factors).
The individual MetS criteria of TG, HDL cholesterol, glucose,
and blood pressure were on average within healthy ranges
at baseline, suggesting one individual criterion did not drive
study enrollment. Among the 119 participants enrolled who
finished the trial, the percentage with elevated blood glucose,
hypertriglyceridemia, reduced HDL cholesterol, or hypertension
was 23%, 35%, 41%, and 33%, respectively.

Weight stability

Table 3 shows mean DXA-measured body weight at baseline
(days 1 or 2) and endpoint (days 41 or 42), and the absolute
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TABLE 2 Baseline characteristics of the COMIT II participants1

Variable Value2

Sex
Female 75 (63%)
Male 44 (37%)

Anthropometric measures
Age, y 44 ± 13 (22–65)
Weight, kg3 91.3 ± 18.7 (60.4–146.4)
BMI, kg/m2 31.7 ± 5.3 (22.6–52.6)

MetS criteria
Waist circumference, cm 105 ± 13 (80–151)

Female 103 ± 12 (80–131)
Male 109 ± 13 (94–151)

TGs, mmol/L4 1.60 ± 0.73 (0.33–3.67)
HDL-C, mmol/L4 1.33 ± 0.35 (0.67–2.49)

Female (n = 75) 1.41 ± 0.35 (0.87–2.49)
Male (n = 43) 1.20 ± 0.31 (0.67–1.97)

Glucose, mmol/L4 5.30 ± 0.59 (4.16–8.00)
Blood pressure, mmHg

Systolic blood pressure 120 ± 14 (88–164)
Diastolic blood pressure4 79 ± 11 (54–100)

Number of MetS criteria5

0 1, 0.85%
1 29, 24.79%
2 43, 36.75%
3 27, 23.08%
4 12, 10.26%
5 5, 4.27%

Additional cardiovascular disease risk biomarkers
Total cholesterol, mmol/L4 5.17 ± 0.90 (3.38–7.36)
LDL-C, mmol/L4 3.11 ± 0.75 (1.04–5.33)

1Values are means ± SDs (minimum–maximum) or frequency (%), n = 119. HDL-C,
HDL cholesterol; LDL-C, LDL cholesterol; MetS, metabolic syndrome.
2Data collected on days 1 and 2 of diet period 1. Fasting lipids, lipoproteins, and glucose
were assessed in serum.
3Weight was measured using a scale at each participating center (i.e., not DXA
weight).
4n = 118 due to missing values.
5n = 117 due to missing values. Enrolled participants met the requirements of an
increased waist circumference plus one additional factor at the screening visit; values
present here are from the baseline visits of diet period 1.

weight change for the COMIT II participants used in the lipid
and lipoprotein analyses (n = 119). All diets modestly reduced
body weight from baseline (<1 kg; P < 0.0001 for all). No
differences between the 3 diets in endpoint weight or weight
change were observed (P = 0.19).

Endpoint-to-endpoint mean comparisons

The primary analysis of endpoint-to-endpoint comparisons
(mean of days 41 and 42) between the 3 diets is presented
in Table 4. Compared with the control oil diet, consumption
of both regular canola oil and HOCO diets resulted in
lower endpoint means for TC (canola compared with control:
P = < 0.0001; HOCO compared with control: P = 0.002),
LDL cholesterol (canola compared with control: P = < 0.0001;
HOCO compared with control: P = 0.0002), apoB (canola
compared with control: P = 0.005; HOCO compared with
control: P = 0.01), and non-HDL cholesterol (canola compared
with control: P = 0.002; HOCO compared with control:
P = 0.008). There were no significant differences between
canola oil and HOCO diets for these parameters. The TC: HDL
cholesterol ratio was lower following the HOCO diet compared

with the control (HOCO compared with the control: P = 0.01),
as well as the apoB: apoA1 ratio (HOCO compared with the
control: P = 0.02; canola compared with the control: P = 0.06).
There was a trend toward a diet effect on HDL cholesterol
(P = 0.09); no diet effects on TG or apoA1 were observed.
An effect of time was observed on TC, HDL cholesterol, LDL
cholesterol, apoA1, and apoB, with no significant diet-by-time
interaction for any parameters (data not shown). There was
a significant diet-by-center interaction for apoB, with a higher
endpoint value after HOCO at RCFFN compared with SBRC
(data not shown; differences of LSM estimate = 0.09 g/L; P for
interaction = 0.04).

Absolute change from baseline

The secondary analysis of change from baseline for all lipid and
lipoprotein parameters within each diet is shown in Figure 2.
All diets reduced TC, LDL cholesterol, non-HDL cholesterol,
HDL cholesterol, apoB, and apoA1 from baseline (P < 0.0001
for all). TG (canola: P = 0.0182, HOCO: P = 0.0053, control:
P = 0.0002), the TC: HDL cholesterol ratio (canola and
HOCO: P < 0.0001, control: P = 0.0002), and the apoB: apoA1
ratio (canola and HOCO: P < 0.0001, control: P = 0.006) were
also reduced from baseline. Differences between diets in change
from baseline were similar to the endpoint comparisons, with
the exception of apoB.

Discussion

COMIT II is the first double-blind, randomized, controlled
feeding, crossover study to compare the effects of diets
containing conventional canola oil and HOCO against a control
diet with a fatty acid composition consistent with Western
intakes. Herein, we report the lipid, lipoprotein, and apo
response, secondary outcomes of the COMIT II study, in
participants with MetS risk factors. The principal finding is that
42 d of canola oil and HOCO consumption similarly lowered
endpoint TC, LDL cholesterol, apoB, and non-HDL cholesterol,
and to a greater magnitude than the Western diet control oil.
Further, the TC: HDL cholesterol and apoB: apoA1 ratios were
reduced after HOCO compared with the control. These data
indicate that HOCO, with increased MUFAs at the expense of
decreased PUFAs, elicited beneficial effects on atherogenic lipids
and lipoproteins comparable to canola oil and consistent with
CVD risk reduction.

High-oleic oils are being increasingly incorporated into the
food supply to replace PHVOs high in TFAs (10, 12), although
the health effects of the widespread consumption of high-oleic
oils remain unclear. Investigation into the clinical cardiovascular
impact of HOCO is necessary to identify any unfavorable effects
of this novel oil on cardiovascular biomarkers. Only 2 clinical
trials to date have assessed the effects of HOCO on lipid and
lipoprotein endpoints (15, 16), the primary biomarker targets
for atherosclerotic CVD risk reduction (23). A previous study
from our group, COMIT I, assessed the effects of controlled
feeding of 5 dietary oils that varied in unsaturated fatty acid
compositions, including canola oil and HOCO, on lipids and
lipoproteins in individuals at risk of or with MetS (n = 130)
(16). Endpoint values following 28 d of canola oil and HOCO
in COMIT I were 4.81 ± 0.14 and 4.77 ± 0.14 mmol/L for TC,
and 2.91 ± 0.08 and 2.86 ± 0.08 mmol/L for LDL cholesterol,
respectively. Herein, we report numerically lower TC and LDL
cholesterol endpoint values after 42 d of canola oil and HOCO.
Analogous to the current report, the 2 COMIT I canola diets
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TABLE 3 DXA-measured weights at baseline, endpoint, and the changes from baseline after
consumption of diets containing canola oil, HOCO, or control oil for 6 wk in adults with central
adiposity plus at least one additional MetS factor1

Diet Baseline (kg) Endpoint (kg) Change (kg/6 wk)

Canola Oil 90.03 ± 1.71 89.12 ± 1.68 − 0.65 ± 0.16 ∗

HOCO 90.37 ± 1.69 89.46 ± 1.68 − 0.92 ± 0.15 ∗

Control Oil 90.28 ± 1.69 89.41 ± 1.69 − 0.87 ± 0.16 ∗

1Values are means ± SEMs, n = 119. ∗Different from 0, P ≤ 0.05. HOCO, high-oleic acid canola oil; MetS, metabolic syndrome.

did not differ in endpoint values for any parameters. Gillingham
et al. was the first to investigate the effects of a high-oleic acid
rapeseed oil diet compared with a Western control diet on lipids
and lipoproteins (15). Following 28 d of controlled feeding in
hypercholesterolemic participants (n = 36), endpoint TC, LDL
cholesterol, and non-HDL cholesterol were lower after the high-
oleic phase (5.27 ± 0.14, 3.10 ± 0.12, and 3.94 ± 0.14 mmol/L)
compared with the Western diet control phase (5.65 ± 0.16,
3.53 ± 0.14, and 4.28 ± 0.17 mmol/L). These findings are
consistent with the COMIT II study results, with differences
in endpoint values likely due to the variation in populations
studied. While these trials provide important insights into the
effects of HOCO on CVD biomarkers compared with canola
oil (16) and a Western diet (15), COMIT II is the first study to
simultaneously examine diets containing conventional canola
oil or HOCO and compared to a diet with a contemporary
Western fatty acid profile.

We were not surprised to report no differences in the
2 diets containing the canola oil and HOCO on lipid
outcomes. We utilized the Katan Calculator for a post hoc
predicted differences in blood lipids and lipoproteins following
replacement of the COMIT II control diet with the canola
oil and HOCO diets, and found that the predicted changes
were very similar (data not shown). Although HOCO and
canola oil have unique fatty acid profiles when analyzed as
independent oils, the COMIT II study design diluted assessment
of the proportional fatty acid difference. The intervention
oils provided approximately 50% of the total daily fat; thus,
the remaining 50% was provided by other fat sources (i.e.,
mayonnaise, salad dressing, dairy fat) in equivalent amounts
across diets, resulting in very modest fatty acid differences
between the canola oil diet and HOCO diet. Therefore, the
conclusion of a lipid and lipoprotein benefit of HOCO similar
to canola oil and relative to control is in the context of 6
wk of intake when incorporated as approximately 18% of

total energy (60 g per 3,000 kcal). Diet effects on lipids and
lipoproteins following higher intakes of HOCO and canola oil
(i.e., >18% of total energy) are unknown. A higher oil dosage
is not recommended in the Dietary Guidelines for Americans
healthy US-style eating pattern (i.e., 2,000 kcal, 27 g oil;
3,000 kcal, 44 g oil) (2) and modeling exercises suggest risk
of essential fatty acid deficiency following elevated intake of
high-oleic acid oils (24). Thus, we cannot conclude the longer-
term implications of high-oleic oil consumption or the effects
of higher dosages, and future research should consider the
potential adverse effects of overconsumption for pertinent
dietary recommendations.

MetS is defined as a cluster of 3 or more co-occurring inter-
related conditions, including abdominal obesity, dysglycemia,
dyslipidemia, and/or hypertension, and is associated with
increased risk of cardiometabolic disease (25). The COMIT
II study participants were required to have at least 2 MetS
criteria at the screening visit, one of which was required to
be an elevated waist circumference. In contrast to the NCEP
ATP III waist circumference criteria (men ≥102 cm, women
≥88 cm), the International Diabetes Federation cut points were
used (men ≥94 cm, women ≥80 cm) to identify individuals who
may benefit from dietary intervention in the earlier stages of
cardiometabolic disease risk. These inclusion criteria were also
consistent with those of COMIT I (18). Further, the inclusion
criteria of 2 rather than the syndrome definition of 3 factors
(25) were selected to increase the generalizability of our findings
to a sample that is highly representative of the North American
population. An analysis of 2003–2012 NHANES data reported
MetS prevalence among adults as 33%, with higher rates among
women and Hispanics (26); the COMIT II sample had slightly
higher rates at baseline (38%), likely due to the predominance
of women (63%). MetS prevalence increases markedly with age
[approximately 18% among 18–39 y and 50% among 60+ y in
the US (26)], underscoring the relevance of this syndrome as the

TABLE 4 Endpoint-to-endpoint comparisons of fasting serum lipids, lipoproteins, and apos following the consumption of diets
containing canola oil, HOCO, or control oil for 6 wk in adults with central adiposity plus at least one additional MetS factor1

Canola oil diet HOCO diet Control oil diet P for diet effect P for time effect

TC, mmol/L 4.54 ± 0.04 a 4.58 ± 0.04 a 4.74 ± 0.04 b <0.0001 0.01
TGs, mmol/L 1.45 ± 0.04 1.44 ± 0.04 1.40 ± 0.04 NS NS
HDL-C, mmol/L 1.25 ± 0.01 1.28 ± 0.01 1.26 ± 0.01 NS 0.005
LDL-C, mmol/L 2.64 ± 0.04 a 2.67 ± 0.04 a 2.83 ± 0.04 b <0.0001 0.02
TC:HDL-C ratio 3.82 ± 0.04 a,b 3.77 ± 0.04 a 3.92 ± 0.04 b 0.02 NS
apoA1, g/L 1.44 ± 0.01 1.46 ± 0.01 1.45 ± 0.01 NS 0.003
apoB, g/L 0.87 ± 0.01 a 0.88 ± 0.01 a 0.91 ± 0.01 b 0.002 0.04
apoB:apoA1 ratio 0.619 ± 0.01 a,b 0.616 ± 0.01 a 0.64 ± 0.01 b 0.01 NS
Non-HDL-C, mmol/L 3.30 ± 0.05 a 3.31 ± 0.05 a 3.45 ± 0.05 b 0.001 NS

1Values are least squares means ± SEMs, n = 119. Labeled means in a row without a common superscript letter differ, P ≤ 0.05. A repeated measures mixed model was
used to assess the effects of diet, time, sex, center, and sequence, and the interactions diet-by-time, diet-by-sex, diet-by-center, and diet-by-sequence. The diet-specific baseline
value was used as a covariate. Final models included diet and only significant terms. Pairwise comparisons were assessed using the Tukey–Kramer method when there was a
significant effect of diet. HOCO, high-oleic acid canola oil; MetS, metabolic syndrome; NS, P > 0.05; TC, total cholesterol.
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FIGURE 2 Absolute change (endpoint–baseline) in (A) lipids and
lipoproteins and (B) apos following the consumption of diets
containing canola oil, HOCO, and control oil for 6 wk in adults with
central adiposity plus at least one additional MetS factor. Values are
least squares mean ± SEM, n = 119. ∗Different from 0, P ≤ 0.05.
Labeled means in a group without a common letter differ, P ≤ 0.05.
HOCO, high-oleic acid canola oil; HDL-C, HDL cholesterol; LDL-C, LDL
cholesterol; MetS, metabolic syndrome; TC, total cholesterol.

proportion of the older population rapidly grows. Further, MetS
prevalence is ∼21% among Canadian adults, with substantially
higher estimates of individuals having components of the
syndrome (i.e., 67% have ≥1 and 44% have ≥2 criteria) (27).
These rates are concerning since MetS is associated with a 5-
fold greater risk of incident diabetes (28) and a 2-fold greater
risk of incident CVD events and mortality (29). Thus, selecting
a sample of metabolically compromised adults is relevant to a
considerable portion of the population and is appropriate for
lifestyle intervention trials that aim to identify dietary strategies
for chronic disease prevention and risk reduction among North
Americans, with important implications for dietary counseling
and nutrition policy recommendations. Previous investigations
of the effects of canola oil on lipid and lipoprotein parameters
in individuals at risk for or with MetS have been limited to
3 trials, including COMIT I, all of which reported lipid-lowering
benefits of canola oil (16, 30, 31).

Although there is a substantial evidence base to support
the cardioprotective benefits of canola oil, very few trials have
directly compared a canola oil-based diet to a control diet
with the fatty acid composition of the average, contemporary
Western diet (6). This was a noted limitation of COMIT I (16)
and prevents the determination of how diets enriched in canola
oil fare as a replacement for a diet with the fat profile typical
of Western intakes, as well as confirmation of the absence of

adverse lipid effects. According to the latest NHANES food
consumption data (2015–2016), the average intake of SFAs,
MUFAs, and PUFAs among US adults is 12%, 12%, and 8%
of total energy, respectively (20), percentages that the COMIT
II control diet aimed to emulate (i.e., 12% SFAs, 11% MUFAs,
and 10% PUFAs). The SFA content of the control diet was
roughly 2-fold that of the canola oil and HOCO diets, and the
MUFA content was appreciably lower than the 2 canola diets,
although still aligned with average intakes. Ghee, coconut oil,
safflower oil, and flaxseed oil were included in the control blend
to generate the targeted fatty acid profile, which was based on an
exhaustive evaluation of oil combinations during the COMIT II
study design. Some of the individual fatty acids in the control
diet were not directly congruent with Western intake. However,
approximately 50% of the control oil blend was butter based
(i.e., butter oil/ghee), a major source of animal fat in the Western
diet, and only 8% was from coconut oil. Future research should
incorporate fats and oils more representative of Western sources
(i.e., corn oil, animal fats) when designing a control arm with a
Western diet fatty acid profile, or provide a single fat source for
the control for a comparative test of culinary oils.

COMIT II had numerous strengths, including a tightly
regulated, controlled feeding, double-blind, multi-center, ran-
domized, crossover design with a large sample size and inclusion
of a commonly consumed oil. The crossover design allowed
subjects to act as their own controls during each diet period,
and the controlled feeding aspect reduced confounding variables
characteristic of free-living designs. Moreover, blood was
sampled on 2 consecutive days at the baseline and 2 consecutive
days at the endpoint of each experimental period, allowing
calculation of mean values and possible attenuation of intra-
individual variability of lipid parameters. Further, collection of
diet-specific blood samples on days 1 and 2 ensured attainment
of precise baseline values (data not shown), in contrast to
assumed return to initial baseline value post-washout, for
inclusion as a covariate in the primary analysis. A limitation
of COMIT II is small reductions in body weight (<1 kg) that
were observed across all diets; however, it is not uncommon
to see some degree of weight loss in controlled feeding trials,
and is likely attributable to shifts from the habitual diet to a
generally healthier controlled feeding eating pattern (i.e., lower
sodium, lower SFAs, higher fiber, among others). This may
explain the differences in all measured outcomes compared with
baseline, particularly in the control condition. Importantly, the
magnitude of weight reduction did not differ across diets and,
thus, it is unlikely that the weight loss meaningfully mediated
the lipid and lipoprotein diet response. Future assessments of
individuals with MetS criteria should utilize the NCEP ATP III
abdominal obesity cut points with a higher waist circumference
threshold for inclusion (25).

In summary, canola oil and HOCO improved the lipid and
lipoprotein profile compared to a control oil with a fatty acid
composition characteristic of Western intakes in individuals
with at least 2 MetS symptoms. Incorporating high-oleic acid
and/or conventional canola oils into the diet by replacing dietary
sources higher in SFA is an effective strategy to improve lipid
and lipoprotein parameters and thus, reduce atherosclerotic
CVD risk.
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