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1 | INTRODUCTION
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Abstract

Limited data exist on the cardiometabolic effects of sesame oil compared with canola
oil. In the present study, 77 overweight adults were randomized to replace their regu-
larly consumed oils with canola (CO), sesame (SO), and sesame-canola oils (SCO, 40%
SO, and 60% CO) in three 9-week phases. Blood pressure, visceral adiposity index,
serum apo-proteins (APOs) and lipid profile, glycemic control markers, kidney
markers, liver enzymes, and cardiovascular disease risk scores were assessed at base-
line and endline. After adjustment for confounders, SO significantly reduced serum
alkaline aminotransferase (ALT) compared to CO (p <0.05) in all participants,
increased serum urea compared to SCO in males, and decreased serum alkaline phos-
phatase compared to other oils in males, and improved serum high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) compared to SCO, and eGFR compared
with CO in females (p < 0.05). Canola oil significantly improved serum Apo Al and
APO B/A ratio compared with SO, in males (p < 0.05). Sesame-canola oil significantly
reduced serum urea compared to other oils in all participants (p < 0.05). Sesame oil
and SCO might beneficially affect serum ALT and urea, respectively. Intervention oils
might have different cardiometabolic effects in each gender. Further studies are
needed to confirm our results (Trial registration code: IRCT2016091312571N6é).
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glomerular filtration rate (eGFR) and enhanced probability of chronic

kidney disease are also accompanied by the presence of car-

Cardiovascular diseases (CVDs) are the predominant causes of mortal-
ity (Mathers & Loncar, 2006) and impose a burden, particularly in low-
and middle-income countries (Roth et al., 2017). Cardiometabolic risk
(CMR) factors including dyslipidemia, high blood pressure (BP), poor
glycemic control, insulin resistance, abdominal obesity, and inflamma-
tion are regarded as factors that increase the possibility of CVDs
(Eckel, Kahn, Robertson, & Rizza, 2006). Decreased estimated
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diometabolic risk (Lastra, Manrique, & Sowers, 2006; Ruilope, de la
Sierra, Segura, & Garcia-Donaire, 2007).

Lifestyle modifications including physical activity and diet are pri-
mary steps for elevated CMR treatment (Chatterjee et al., 2012).
Recent investigations have revealed that the quality of dietary fat
which may be specified by the relative content of saturated fatty acids
(SFAs), trans fatty acids, monounsaturated fatty acids (MUFAs), and
polyunsaturated fatty acids (PUFAs) plays an important role in car-
diometabolic health (Howard et al., 2006; Mente, de Koning,
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Shannon, & Anand, 2009; Tinker et al., 2008). Some pieces of evi-
dence indicated that monounsaturated fatty acids (MUFAs) intake
might improve lipid profile (DiNicolantonio & O'Keefe, 2018), blood
pressure (Qian, Korat, Malik, & Hu, 2016; Rasmussen et al., 2006), and
insulin resistance (Galgani, Uauy, Aguirre, & Diaz, 2008; Jebb
et al., 2010). Moreover, the high intake of polyunsaturated fatty acids
(PUFAs) from vegetable oils may favorably affect lipid profile and car-
diovascular events (Jakobsen et al., 2009; Mensink, Zock, Kester, &
Katan, 2003; Mozaffarian, Micha, & Woallace, 2010). Therefore,
MUFAs, as well as PUFAs, may be effective in reducing CVD events,
especially when replaced with SFAs (Mozaffarian et al., 2010).

Canola oil (CO), which is regarded as a favorable oil around the
world, is comprised of high amounts of mono-unsaturated fatty acids
(MUFAs, ~64.4%) and linoleic acid (~20%) while it is low in saturated
fatty acids (SFAs, ~7%)
Mendonca, 2007). Besides, favorable amounts of alpha-linolenic acid
(ALA) (~8.3%) can be a possible advantage of CO (Zambiazi
et al., 2007). Sesame oil (SO), another popular oil consumed especially

(Zambiazi, Przybylski, Zambiazi, &

in Asian countries (Namiki, 2007), is characterized by considerable
amounts of vitamin E (~40 mg/100 g oil) (Sankar, Rao, Sambandam, &
Pugalendi, 2006), phytosterols, unsaturated fatty acids, and lignans
(e.g., sesamin, sesaminol, sesamol, sesamolinol, and sesamolin)
(Pathak, Rai, Kumari, & Bhat, 2014; Sukumar, Arimboor, &
Arumughan, 2008). It was shown that sesamin, as the most abundant
lignan in sesame, has favorable effects on body weight, blood pres-
sure, and lipid profile (Miyawaki et al., 2009; Rogi, Tomimori, Ono, &
Kiso, 2011; Yuliana et al., 2011).

Several studies have shown that CO may improve lipid profile
(Kruse et al., 2015; Negele et al., 2015; Saedi, Noroozi, Khosrotabar,
Mazandarani, & Ghadrdoost, 2017), BP (Baxheinrich, Stratmann, Lee-
Barkey, Tschoepe, & Wahrburg, 2012), and glycemic control markers
(Nigam et al., 2014), however, the effects on some cardiovascular risk
factors was not approved by a recent meta-analysis and it was shown
that CO might differently affect CVD risk factors depending on the oil
examined for comparison (Amiri, Raeisi-Dehkordi, Sarrafzadegan, For-
bes, & Salehi-Abargouei, 2020). Moreover, SO might significantly
improve TG (Sankar et al., 2006; Sankar, Ali, Sambandam, &
Rao, 2011), HDL-C (Mitra, 2007; Sankar et al., 2011), TC, LDL-C
(Mitra, 2007; Sankar et al., 2006), glycemic markers (Mitra, 2007), and
blood pressure (Mitra, 2007; Sankar et al., 2006; Sankar, Sambandam,
Ramakrishna Rao, & Pugalendi, 2005). Two recent systematic reviews
could confirm the beneficial effect of sesame and its fractions only on
serum triglyceride and blood pressure; however, a few studies were
included and the majority of them were prone to bias (Khalesi,
Paukste, Nikbakht, & Khosravi-Boroujeni, 2016; Khosravi-Boroujeni,
Nikbakht, Natanelov, & Khalesi, 2017).

Although SO and CO are different in fatty acids content and phy-
tochemicals, we are not aware of any study trying to compare the
effect of these two oils on CMR in healthy adults. Therefore, the cur-
rent study aimed to investigate the effect of replacing ordinary edible
oils with CO, SO, and sesame-canola oil (SCO, a novel oil product as
the blend of SO and CO) for 9-weeks on lipid profile, CVD risk scores,
blood pressure, visceral adiposity index (VAI), glycemic markers, kid-

ney markers, and liver enzymes. In the present study, we

hypothesized that the blended oil might have beneficial effects on

cardiometabolic markers in comparison with SO and CO alone.

2 | MATERIALS AND METHODS

This study was derived from a large parent triple-blind, randomized,
three-way cross-over clinical trial that aimed to compare the effect of
CO, SO, and SCO on cardiometabolic risk factors in adults with type
2 diabetes and their spouses. The present analysis was conducted on
spouses who had no history of chronic diseases. The precise informa-
tion about participants' characteristics and the study protocol is publi-
shed elsewhere (Amiri et al., 2019). The parent study was registered
on the 14th of November 2016 at the Iranian Registry of Clinical Tri-
als (IRCT) with the registration code of IRCT2016091312571Né. All
participants signed written informed consent before entering the
study. The current study was approved by the ethics committee of
Shahid Sadoughi University of Medical Sciences, Yazd, Iran on the
20th of December 2017 (Ethics code: IR.SSU.SPH.REC.1396.142).

21 | Participants

A total of 101 spouses were entered into the parent clinical trial
(Amiri et al., 2019). The spouses without a history of T2DM (with
fasting blood sugar less than 126 mg/dL) or other chronic diseases
such as CVDs, kidney or liver diseases, and cancers were included in
the current analysis. Moreover, the exclusion criteria were: being on a
special diet or having a specific dietary habit, experiencing pregnancy
or chronic diseases including T2DM, CVDs, and cancers during the
study period, and not intending to continue the study for any reason.

2.2 | Study design and intervention

The present study aimed to examine the effect of replacing house-
holds' regularly consumed oils with three dietary oils [CO, SO, and
SCO (40% SO and 60% CO)] on CMR in adults without a history of
any chronic diseases. It should be noted that we used the blended oil
to check if it has a different beneficial effect on cardiometabolic
markers. The detailed fatty acid composition of intervention oils is
reported elsewhere (Amiri et al., 2019).

In the first visit, demographic data and medical history were
obtained and participants were advised to follow a healthy diet and
maintain their regular lifestyle and physical activity during the study
period. After that, individuals entered a run-in period (4 weeks). Then,
they were randomized to receive the intervention oils in three phases.
Indeed, intervention oils were totally replaced with households' regu-
lar consumed oils. The intervention phases lasted for 9 weeks which
were separated by 4 weeks as washout (sunflower oil was provided in
the run-in and washout periods). All intervention oils and the oil pro-
vided for run-in and washout periods were freely provided for the
study participants by Neshatavar food industry company (Datis Cor-
poration, Yazd, Iran). Intervention oils were delivered to participants
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by investigators in bottles with the same appearance which was
labeled with three codes by an independent investigator: S, B, and
G. Participants and investigators were not aware of codes until after
the statistical analysis. Hence, all the participants, personnel, and stat-
isticians were blinded to the treatment oils. Detailed methods used
for randomization, allocation concealment, and blinding of participants

and personnel are provided elsewhere (Amiri et al., 2019).

2.3 | Dietary intake and physical activity
assessments

To estimate each subject's usual energy intake, nutrient composition,
and physical activity, participants were carefully trained to fill out
3-day weighed food and physical activity records (2 weekdays and
1 weekend day) at the start, in the middle, and the end of each inter-
vention phase. A digital kitchen scale (model: Electronic kitchen scale,
SF-400) was provided for each individual to weight and record ingre-
dients of cooked foods. The daily intake of foods and beverages was
converted to grams/day and a computer-based program (Nutritionist
IV software, version 3.5.2, Axxya Systems, Redmond, WA) was used
for assessing the dietary intake. Physical activity records were
converted to metabolic equivalent-min/day using standard methods
(Amiri et al., 2019).

24 | Anthropometric measurements

Body weight, height, and waist circumference (WC), were assessed at
the start, middle, and end of all three phases of the study. All mea-
surements were assessed 3 times in each visit and their mean value
was regarded as the final value. A digital calibrated scale (Omron,
mode: BF51) was used to measure weight to the nearest 100 g while
the participants were with minimum clothes and without shoes. The
WC was determined by a non-stretchable measuring tape to the
nearest 1 cm. A measuring tape fixed on the wall was used to measure
height to the nearest 0.5 cm. The body mass index (BMI) was com-
puted by dividing weight (kg) by height squared (m?) and the waist to
hip ratio (WHR) was calculated by dividing WC by hip circumference
(Amiri et al., 2019).

2.5 | Cardiometabolic risk factors measurement

At baseline and endline of each intervention phase, fasting blood sam-
ples were collected from each participant. After processing and sepa-
rating serum from blood samples, they were stored at —70°C until
analysis. Serum lipid profile measures including triglycerides (TG), total
cholesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C),
apolipoprotein A-I (APO A1), apolipoprotein B (APO B), and lipopro-
tein (a), and also urea, creatinine, fasting blood sugar (FBS), serum
alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), aspar-
tate aminotransferase (AST), and alanine transaminase (ALT) concen-
trations were analyzed by an automatic analyzer (Alpha-classic, Iran,

model: AT-++) using Pars Azmun standard kits. Serum fasting insulin
levels were measured by enzyme-linked immunoassay (ELISA) kits
(Monobind, Inc., Lake Forest, CA). The intra- and inter-assay %CVs for
all measurement kits are indicated in Table S1. In addition, in the
beginning, in the middle, and the end of each phase, systolic and dia-
stolic blood pressure were monitored in triplicate after 5 min rest by
using a sphygmomanometer (Riester, Germany, model: Diplomat-
presameter), and mean values were recorded.

Homeostasis model assessment for insulin resistance (HOMA-IR),
for insulin sensitivity (HOMA -%S), and p-cell function (HOMA -%
BCF) were calculated by using fasting serum insulin and fasting serum
glucose levels using homeostasis model assessment calculator
(Willett, 1990). Quantitative insulin sensitivity check index (QUICKI)
was estimated using the following equation: (QUICKI = 1/[log (fasting
insulin) + log (fasting glucose)]) (Katz et al., 2000). Age, gender, sys-
tolic blood pressure (SBP), TC, and HDL-C were also used to calculate
cardiovascular  disease risk scores by using Framingham
Equations (Payne, n.d.; Payne, 2012). Visceral adiposity index (VAI), as
an independent risk factor for CVDs, was estimated by using WC,
BMI, TG, and HDL-C using formulas separately developed for males
and females (Amato et al., 2010). The estimated eGFR was calculated
using chronic kidney disease epidemiology collaboration's (CKD EPI)

equation (Levey et al., 2009).

2.6 | Treatment compliance

The participants were asked to return all unused intervention oils in
each phase. Investigators weighed intervention oil bottles before and
after each phase to calculate the approximate amount of consumed
oil. Moreover, 3-day weighed food records were evaluated to assess

the consumed oils (Amiri et al., 2019).

2.7 | Sample size

A formula suggested for cross-over studies (Chow, Shao, &
Wang, 2008):n =[(z1 - a/2 +2z1 — [3)2 s?]/2A2, was used for sam-
ple size calculation, considering type one error of 5%, type 2 error of
10% (power of 90%), and 5 mg/dL difference in serum glucose
between the intervention periods as key variable based on a study
done by Jenkins et al. (Jenkins et al., 2014), at least 34 participants

were needed to enter the trial.

2.8 | Statistical analysis

The normal distribution was checked by using the Kolmogorov-
Smirnov test. The after-intervention values were compared against
before-intervention values by incorporating a general linear model
(GLM) repeated measures approach. Change values were compared
between intervention phases by using linear mixed models by consid-
ering the rolling method and carry-over variables as other fixed fac-
tors. Age, sex, baseline BMI, calculated intervention oils consumed
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per subject, changes in physical activity level, energy intake in each
intervention period, and baseline values were included as covariates
in the multivariable-adjusted model. All analyses were replicated
based on participants' sex. Statistical analyses were conducted using
the statistical package for social sciences (SPSS version 20; IBM Cor-
poration). Variables are reported as mean + standard error (SE), other-
wise indicated. p values less than 0.05 were considered statistically

significant.

3 | RESULTS

A total of 77 individuals were eligible to be entered into the current

investigation. Three participants were dropped out of the analyses

because of the unwillingness to continue. Furthermore, one person
was excluded due to a lack of compliance. Of the 73 remaining partici-
pants, 5, 1, and 5 participants missed giving blood samples at the
beginning or end of SO, SCO, and CO intervention periods, respec-
tively. Therefore, the number of spouses who had complete data for
each intervention period were as follows: SO (n = 68), CO (n = 72),
and SCO (n = 68) (Figure 1). The baseline characteristics of included
participants are provided in Table 1.

The analysis of dietary intakes revealed that the mean intake of
MUFAs, PUFAs, SFAs, and vitamin E were significantly different
between the three intervention phases (p < 0.05). Moreover, analyses
indicated that there were no significant differences between the
intervention periods regarding energy intake, macronutrients, and
physical activity (p > 0.05) (Table S2).

Spouses who participated in the parent study (n=101)
5 v
£
3 Excluded (n=24)
g Spouses with diabetes (n=23)
K Cancer (n=1)
Run-in-period (4 W) i
E Assigned to 6 rolling methods for receiving intervention
s oils (n=77)
=2
= v
R1 R2 R3 R4 RS R6
Visit2 | SO | SO [SCO| SCO| CO Cco .
Phase 1 Participants excluded from all analyses
(9 weeks) Wisih) | B0k || SFk [ISE CA | €0 &S - Did not intend to continue (n = 3)
Visit4 | SO | SO [SCO| SCO| CO Cco - No compliance (n=1)
Washout period (Sunflower oil, 4 weeks) _
Visit5 | SCO| CO | SO | CO | SCO | SO Participants who missed giving blood samples
=3 Phase 2
2 Visit6 | SCO| CO | SO | cOo | sco | SO =1 SO (n=5), SCO (n=1), and CO (n=5)
o (9 weeks)
IS Visit7 | SCO| CO | SO | CO | SCO | SO - R1:SO (n=0), SCO (n=0), CO (n=1)
o9
Washout period (Sunflower oil, 4 weeks) - R2:S0(=1),5CO (n=0), CO (n=0)
- R3:S0 (n=1), SCO (n=0), CO (n=1)
Visit8 | CO |SCO| CO | SO SO SCO
Phase 3 - R4:S0 (n=1), SCO (n=0), CO (n=1)
Visit9 | CO |SCO| CO | SO SO SCO . .
(9 weeks) - ‘ - R5:80 (n=0), SCO (n= 1), CO (n=0)
Visit 10 CO [ SCO| CO SO SO SCO - R_6 SO (l’l: 2)’ SCO (l’l: 0)’ CcO (Il:2)
» Participants who completed each intervention period and included in analyses
B Sesame oil duration (n = 68)
Té Sesame-canola oil duration (n = 72)
< Canola oil duration (n = 68)
FIGURE 1 Flow of participants throughout the study. Intervention oils were labeled as SO (sesame oil), SCO (sesame-canola oil), and CO

(canola oil). A total of 77 participants were allocated to 6 rolling methods (R). Four participants were excluded from all analyses because of
unwillingness to continue and lack of compliance. From 73 remaining participants, 5, 1, and 5 participants missed giving blood samples in SO,
SCO, and CO periods, respectively [R1: SO (n = 0), SCO (n = 0), CO (n = 1); R2: SO (n = 1), SCO (n = 0), CO (n = 0); R3: SO (h = 1), SCO (h = 0),
CO(nh=1);R4:50(n=1),SCO (n=0),CO (nh=1);R5:50 (n=0),SCO (nh=1),CO (h =0); R6: SO (n = 2), SCO (n = 0), CO (n = 2)]. Therefore,
the number of participants who completed each intervention period and included in the analyses were as follows: SO (n = 68), CO (n = 72), and

SCO (nh = 68)



MOGHTADERI ET AL.

TABLE 1 Baseline characteristics of

the study participants

Variables

Age (years)

BMI (kg/m?)

Body fat (percent)

TC (mg/dl)

HDL-C (mg/dI)

LDL-C (mg/dl)

TG (mg/dl)

Apo B (mg/dl)

Apo A (mg/dl)

Lipoprotein a (mg/dl)

LDL:HDL ratio

TC:HDL ratio

Apo B: Apo A ratio

TG:HDL ratio

Risk of CHD (%)

Risk of Ml (%)

Risk of stroke (%)

Risk of CVD (%)

Risk of CHD death (%)

Risk of CVD death (%)

VAI

DBP (mm hg)

SBP (mm hg)

FBS (mg/dl)

Insulin

HOMA -IR

HOMA -S

HOMA -BCF

QUICKI

Creatinine (mg/dl)

Urea

eGFR

ALP

GGT

AST

ALT

Education
Elementary or lower

High school

College and university

Male (n = 32)
54.09 + 1.66°
26.99 £ 0.78
22,95 +1.06
180.81 £ 5.75
38.96 +1.73
95 + 3.59
136.73 £9.31
100.25 + 4.32
148.34 + 4.68
20.84 + 3.31
2.61+0.16
497 +0.29
0.69 +0.03
405 +0.49
9.26 +1.27
4.14 + 0.85
3.66 £ 2.66
11.63 +2.16
213 +£0.59
2.82 +£0.86
247 +£0.29
7.50 £0.17
1182+ 1.26
89.89 + 2.44
2424 + 2.63
2.99 £0.30
43.74 £ 4.19
211.48 + 18.55
0.30 + 0.004
1.16 £ 0.02
33.81+1.23
7241 + 2.38
191.96 £ 7.55
26.31+1.72
2540 + 1.89
23.66 + 2.38

15.6%
56.3%
28.1%

Female (n = 41)
4224 +1.08
29.16 £ 0.72
41.69 £ 0.85
181.75 £ 5.85
44.53 £ 1.63
91.78 + 3.82
138.56 + 10.39
106.10 £ 6.53
169.07 £ 4.08
28.72 + 3.59
2.39 +0.31
480 +0.71
0.63 = 0.04
4.75 + 1.65
2.23+0.85
0.7 £ 045
0.21 +0.04
2.26 +£0.63
0.17 £0.14
0.16 = 0.09
2.77 £0.23
7.07 £0.17
9.89 £0.26
85.54 + 1.67
23.83+£1.72
2.93+0.19
39.55 +2.58
232.44 + 15.36
0.30 £ 0.002
0.94 +0.02
27.79 £ 1.19
76.67 £ 1.99
176.29 + 6.49
21.73 £2.32
21.48 £ 1.45
18.56 + 2.09

19.5%
58.5%
22%
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Total (n = 73)
4743 £ 1.17
28.21 £ 0.54
33.77 +1.28

181.34 £ 4.11
42.09 £ 1.22
93.19 + 2.65

137.76 £ 7.07

103.54 £ 4.11

159.41 + 3.09
2528 + 2.51

249 +£0.19
487 +041
0.66 = 0.02
444 +0.94
5.36 £ 0.84
2.23+0.49
1.74 £ 1.18
6.42 +1.15
1.04 £ 0.29
1.34 + 041
2.63+0.18
7.26 £0.12
10.73 £ 0.58
87.45 +1.43
24.02 £ 1.52
296 £0.17
41.52 £+ 2.39
22259 +11.91
0.30 £ 0.002
1.04 £ 0.02
30.43 £ 0.92
74.80 + 1.54

183.16 £ 4.97
23.74 £ 1.52
2320+ 1.17
20.80 + 1.59

17.8%
57.5%
24.7%

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; Apo A-1, Apo lipoprotein A-1;
Apo B, Apo lipoprotein B; Apo B:Apo A-1, Apo B to Apo A-1 ratio; AST, aspartate aminotransferase;
CHD, coronary heart disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; FBS, fasting blood sugar; GGT, gamma-glutamyltransferase; HDL-C,
high-density lipoprotein cholesterol; HOMA-%B, homeostasis model assessment for b-cell function;
HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-%S, homeostasis model
assessment for insulin sensitivity; LDL-C, low-density lipoprotein cholesterol; LDL:HDL, LDL-C to HDL-C
ratio; Lp (a), lipoprotein a; MI, myocardial infarction; QUICKI, quantitative insulin sensitivity check indexe;
SBP, systolic blood pressure; TC, total cholesterol; TC:HDL, TC to HDL-C ratio; TG:HDL, TG to HDL-C
ratio; TG, triglyceride; VAI, visceral adiposity index.
Values are expressed as means + standard error (SE), otherwise indicated.
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3.1 | The effects of intervention oils on
cardiometabolic risk factors (CMR)

3.1.1 | Lipid profile, lipoproteins, and cardiovascular
disease risk scores

The crude and adjusted after-intervention and change values (mean
+ SE) for lipid profile, lipoproteins, CVD risk scores, VAI, and blood
pressure are provided in Table 2. The Consumption of SO resulted in
a significant improvement in HDL-C and TG (p < 0.05), whiles these
significant effects disappeared after adjustment for confounders
namely participants' age, sex, baseline BMI, oils consumed per subject,
changes in physical activity, the energy intake, and baseline values
(p > 0.05). Moreover, three intervention oils yielded no significant
improvement in other lipid profiles, lipoproteins markers, CVD risk
scores, VAI, and blood pressure in the whole population after adjust-
ment for confounders (p > 0.05).

Sex-stratified analyses showed that serum TC (p = 0.04), LDL-C
(p = 0.01), Apo B (p = 0.006), lipoprotein a (p = 0.03), and Apo B/A
ratio (p = 0.001) levels were significantly increased in males after SO
consumption. Moreover, CO intake significantly increased serum Apo
A-1 levels after adjustment for confounders, in males (p = 0.008),
whereas other markers were not affected by intervention oils
(p > 0.05). The between-period comparisons revealed that CO signifi-
cantly improved serum Apo A-1 and Apo B/A ratio compared to SO in
males (p < 0.05, Table S3). In females, a significant improvement effect
was observed for serum HDL-C (p = 0.01) and TG (p = 0.03) after SO
consumption. Also, the risk of stroke (p = 0.04) was significantly
increased after SO intervention (p < 0.05). The between-period analy-
sis indicated that HDL-C and TG were significantly improved in the
SO period compared with the SCO period (p < 0.05, Table S4).

3.1.2 | Glycemic control markers

The between- and within-period comparison of glycemic control
markers including FBS, Insulin, HOMA-IR, HOMA-S, HOMA-BCF,
and QUICKI in the whole population is shown in Table 3. After adjust-
ment for confounders, the SO consumption led to a significant reduc-
tion in serum insulin (—=4.53 +1.51), HOMA-IR (-0.53 +0.17),
HOMA-BCF (—32.08 + 7.92); furthermore, insulin sensitivity indica-
tors including HOMA-S (10.32 + 2.59) and QUICKI (0.009 + 0.003)
were significantly increased after SO intake (p < 0.05). Significant
improvements in all glycemic markers were seen either in males or
females after SO intake except for serum FBS in both gender and
HOMA-IR in males (Tables S5 and Sé, respectively). Following SCO
consumption, a significant improvement was only indicated for
HOMA-S in the whole population (Table 3). This oil did not signifi-
cantly affect glycemic markers in males (Table S5, p > 0.05), whereas
only FBS was significantly increased in females (Table Sé, p < 0.05).
The analysis also indicated a significant decrease in serum insulin,
HOMA-IR, and HOMA-BCF and a significant increase in HOMA-S
and QUICKI after CO consumption in the whole population (Table 3,

p < 0.05). The effect of CO consumption in the male and female is
indicated separately in Tables S5 and Sé, respectively. No between-
period difference in glycemic markers was noticed in the whole popu-

lation as well as either gender.

3.1.3 | Liver and kidney markers

The crude and adjusted after-intervention and change values for kid-
ney markers (Creatinine, Urea, eGFR) and serum liver enzymes levels
(ALP, GGT, AST, ALT) in the whole population are summarized in
Table 4. Data for serum ALP is provided for the first phase because a
carry-over effect was noticed for this marker. The analysis revealed a
significant reduction only in serum ALT after SO consumption
(p = 0.03). Besides, there was a significant effect on serum Urea levels
by SCO intake (p = 0.02). Also, the consumption of CO resulted in a
significant increase in serum GGT (2.81 + 1.16) in the whole popula-
tion (Table 4). The change values for serum urea and ALT levels were
significantly different between intervention phases (p < 0.05). Indeed,
SCO significantly decreased serum Urea in comparison with SO and
CO. Also, serum ALT was significantly decreased in SO period com-
pared to CO period.

In males, only SO significantly affected Urea and ALP. The com-
parison of change values indicated that SO significantly increased
serum Urea compared to SCO. Furthermore, serum ALP levels were
significantly decreased in the SO period in comparison with SCO and
CO in men (Table S7). The analysis indicated that eGFR and Urea were
significantly decreased after SO and SCO consumption, respectively
in females (Table S8, p < 0.05). The between period comparison in
females revealed that eGFR was significantly decreased in SO period
when compared to CO (Table S8).

4 | DISCUSSION

To the best of our knowledge, the current study is the first investiga-
tion that examined substituting regularly consumed oils with SO, CO,
and SCO on cardiometabolic risk factors in healthy adults.

After 9 weeks of intervention, there was no difference between
intervention oils regarding their effect on cardiovascular risk scores,
VA, blood pressure, and glycemic control markers in the whole popu-
lation. However, serum HDL-C and TG were significantly improved in
the SO period compared with the SCO period, in females. These find-
ings are in line with studies that showed a significant TG- lowering
effect of SO (Sankar et al., 2006; Sankar et al., 2011). In a meta-
analysis indicating the effect of sesame fractions on lipid profile, it
was revealed that SO consumption has a significant reducing effect
on serum TG levels (Khalesi et al., 2016). The favorable content of
vitamin E, PUFAs, and lignans in sesame might affect TG generation
and metabolism (Sankar et al., 2006). Furthermore, animal studies indi-
cated that MUFAs might reduce triglyceride accumulation in the liver
(13, 34). Besides, our analysis revealed that CO yielded significant
improving effects on Apo A-1 and APO B/A compared to SO, in
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males. Although, it is reported that MUFAs beneficially affect Apo
A-1, but no significant effect of CO on this marker was indicated
(Negele et al., 2015). It should be noted that some genetic polymor-
phisms might interact with dietary oils in their effect on car-
diometabolic markers (Ramezani-Jolfaie et al, 2020a; Ramezani-
Jolfaie et al., 2020b).

Conflicting results were found in males and females in our study;
it should be considered that there are some polymorphisms in differ-
ent genders which are responsible for opposing effects of interven-
tions on lipid profile markers, especially Apo A-1 and HDL-C
(Cendoroglo et al., 2005). Furthermore, the conflicting results may be
due to hormonal differences between men and women and the mod-
erating effects of female hormones such as progesterone and andro-
gen on lipid metabolism (Wang, Magkos, & Mittendorfer, 2011).
Differences in insulin function between men and women might also
explain differences in blood lipid metabolism (Magkos, Wang, &
Mittendorfer, 2010).

Although no between-period effect was observed, within-period
analyses indicated that the intervention oils namely SO and CO had
significant favorable effects on insulin resistance and insulin sensitiv-
ity. This may support the beneficial effects of PUFAs and MUFAs on
glycemic control (Imamura et al., 2016). Our previous study on the
effects of CO, SO, and SCO on glycemic control and liver functions
enzymes in patients with type 2 diabetes also revealed that SO con-
sumption might improve glycemic control markers compared to CO, in
males (Raeisi-Dehkordi et al., 2020). In support of our finding, Vessby
et al. indicated that the consumption of an isocaloric MUFAs-rich diet
compared to an isocaloric diet rich in saturated fats for 3 months,
might significantly improve insulin sensitivity in the healthy individuals
(Vessby et al., 2001). A meta-analysis also reported that the substitu-
tion of SFAs with PUFAs improved insulin resistance and insulin
secretion; whiles, substation of MUFAs had less favorable effects on
HOMA-IR and HbA1c (Imamura et al., 2016). This might because of
their effect on membrane fluidity (Harayama & Shimizu, 2020; Kroger
et al., 2015). Also, MUFAs consumption may decrease serum triglycer-
ide and insulin resistance due to their stimulating effect on fatty acid
oxidation by activation of peroxisome proliferator-activated receptor
alpha (Soriguer et al., 2006). Besides, MUFAs may affect the affinity
of insulin receptors and fluidity of cellular membranes, causing the
improvement of insulin resistance (Lovejoy, 2002; Vessby, 2000). Sev-
eral studies indicated that dietary MUFAs have improving effects on
glucagon-like-peptide1 (GLP-1) secretion (Thomsen, Storm, Holst, &
Hermansen, 2003). This peptide is an intestinal hormone that exerts
favorable effects in stimulating glucose-dependent insulin secretion
and regulation of glycemia (Garcia-Flores, Zueco, Alvarez, &
Blazquez, 2001). Also, sesamin as a lignan in sesame oil beneficially
affects insulin sensitivity through increasing the number of low-
affinity insulin receptors (Hong et al., 2013). Furthermore, it has an
improving effect on insulin secretion by protecting pancreatic p-cells
against oxidative stress (Kong et al., 2015) and has a promoting effect
on the expression of insulin receptor-associated proteins genes
(Mengxi et al., 2019). In a study conducted by DiNicolantonio et al. it
was found that a diet high in MUFAs favorably affects insulin resis-
tance in comparison with a diet high in long-chain SFAs

(DiNicolantonio & O'Keefe, 2017). In contrast, in a cross-over clinical
trial done in individuals with hyperlipidemia, it was revealed that both
rapeseed oil-based diet and dairy fat-based diet significantly
decreased FBS; however, none of the mentioned diets affected serum
insulin levels (Iggman et al., 2011). In another study which was con-
ducted by Kratz et al., it was shown that olive oil, rapeseed oil, and
sunflower oil had no significant effect on HbA1c, serum glucose, and
insulin levels after 4 weeks in healthy participants (Kratz et al., 2002).

Our analyses indicated that SCO differently affected serum urea
change compared to the other intervention oils, in the whole popula-
tion. Also, serum ALT change was significantly different between SO
and CO periods. In males, SO significantly increased serum Urea com-
pared to SCO. Furthermore, serum ALP levels were significantly
decreased in the SO period compared with other oils, in men. Besides,
eGFR was significantly decreased in the SO period when compared to
CO, in females. A few studies have examined the effect of dietary oils
on liver and kidney function tests. In our previous investigation in
adults with type 2 diabetes, we found that SO intake might signifi-
cantly improve serum GGT compared with CO, in females (Raeisi-
Dehkordi et al., 2020). In a study conducted by Nigam et al, no signifi-
cant differences in serum AST and ALT were observed after olive oil,
CO, and a widely consumed oil (soybean/safflower oil) intake (Nigam
et al., 2014). Furthermore, it was reported that omega-3 polyunsatu-
rated fatty acids might not affect urine albumin and eGFR, in adults
with diabetes (Miller 3rd et al., 2013). As data regarding the effect of
dietary oils on liver enzymes and kidney markers are still limited,
future investigations are needed to confirm our results and to shed
light on the possible mechanisms.

The strength of the current study was that participants acted as
their own controls due to using a cross-over design, which minimizes
the inter-individual variations and confounding variables. Moreover,
the substitution of regularly consumed oils with intervention oils
might lead to more generalizable and practical results. It should also
be noted that we could not estimate the exact amount of intervention
oils used by individuals, due to the substitution. However, we tried to
estimate the oil consumption by using weighed dietary food records
and weighting the given and returned bottles. Moreover, although the
mean intake of MUFAs, PUFAs, and SFAs were significantly different
between the three intervention phases, it might not be large enough
to see clinical effects. However, compared to other studies, the sam-
ple size and duration of the present study was sufficient enough to
find significant effects. It should be note that the chance of finding
significant effects might be lower in this study because participants
were healthy adults. It is noteworthy that in the current study, three
healthy oils namely SO, CO, and SCO were compared and using other
dietary oils like sunflower, palm, or hydrogenated oils might provide
more statistically noticeable differences between the intervention oils.
We found that the SCO could significantly improve some metabolic
markers compared to SO and CO. Therefore, it seems that the blend
might improve the beneficial effects of pure oils while it does not
adversely affect cardiometabolic markers. This might be because of
synergy between ingredients of the two oils (polyphenols, fatty acids,
and vitamin E). As this is a novel combination, current results should

be interpreted with caution and more investigations are needed to
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find the possible explanations and underlying mechanisms for the
observed effects. The fatty composition of the three intervention oils
was assessed and reported elsewhere (Amiri et al., 2019); however,
the chemicals with antioxidant properties were not assessed. Having
access to such data would help to interpret the mechanisms for the
observed effects.

In conclusion, the present study revealed that intervention oils
were not different in their effect on lipid profiles, CVD risk scores, VAI,
and blood pressure. In all participants, SCO significantly reduced serum
urea compared to other oils and serum ALT levels were significantly
decreased in the SO period compared to the CO period. Based on the
gender-specific analyses, SO improved serum HDL-C and TG levels
compared to SCO, in females. Also, Apo A-1 and Apo B/A change
were significantly different between SO and CO, in males. Further-
more, serum ALP levels were significantly decreased in the SO period
compared with other periods, in men. Besides, eGFR levels were signif-
icantly decreased in the SO period when compared to CO, in females.
Conducting future investigations on the effect of SO and CO on liver
function and kidney tests and also investigating the gender-specific
effects of dietary oils on CMR are highly recommended.
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