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Abstract
Aims To compare the effects of replacing regular dietary oils intake with sesame (SO), canola (CO), and sesame–canola 
(SCO) oils (a novel blend), on cardiometabolic markers in adults with type 2 diabetes mellitus (T2DM), in a triple-blind, 
three-way, randomized, crossover clinical trial.
Methods Participants were assigned to receive SO, CO, and SCO in three 9-week phases (4 weeks apart). Cardiometabolic 
makers (serum lipids, Apolipoprotein, cardiovascular risk scores, kidney markers, and blood pressure) were considered at 
the beginning and the end of intervention phases.
Results Ninety-two, ninety-five, and ninety-five participants completed the SO, SCO, and CO periods, respectively. After 
CO consumption, serum Apo A-1 concentrations were significantly higher compared with the SCO period in the whole 
population (p < 0.05). A considerable reduction in visceral adiposity index values was seen in the CO compared with the SO 
period in males (p < 0.05). Serum high-density lipoprotein concentration was also significantly higher after the SO intake 
compared with SCO in females (p < 0.05). The between-period analysis showed a substantial reduction in diastolic blood 
pressure in the SCO period compared with the CO and SO periods and lower systolic blood pressure after SCO versus CO 
intake in males (p < 0.05).
Conclusions Canola oil might protect CVD through improving Apo A-1 levels in patients with T2DM (particularly in 
females) and visceral adiposity index in male patients. However, the blend oil might beneficially affect blood pressure in 
men. Future sex-specific studies might warrant the current findings.
Registry of clinical trials This trial was registered in the Iranian Registry of Clinical Trials (IRCT, registration ID: 
IRCT2016091312571N6).

Keywords Type 2 diabetes mellitus · Dietary oils · Sesame oil · Canola oil · Rapeseed oil · Hypertension · Dyslipidemia · 
Apolipoprotein · Lipids · Lipoproteins · Cardiovascular risk factors
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MI  Myocardial Infarction
MUFAs  Monounsaturated fatty acids
PUFAs  Polyunsaturated fatty acids
SBP  Systolic blood pressure
SCO  Sesame–canola oil
SFAs  Saturated fatty acids
SO  Sesame oil
T2DM  Type 2 diabetes mellitus
TC  Total cholesterol
TG  Triglyceride
VAI  Visceral adiposity index

Introduction

During the past decades, the prevalence of type 2 diabetes 
mellitus (T2DM) has been increasing [1]. According to a 
report by the International Diabetes Federation (IDF), in 
2015, 415 million people were affected and 642 million indi-
viduals will be diagnosed with T2DM in 2040 [2]. T2DM 
is a strong independent risk factor for cardiovascular dis-
eases (CVDs) such as myocardial infarction (MI), stroke, 
and peripheral vascular diseases [3], which considered as 
the major cause of death among individuals with T2DM 
(47.2%) [4, 5].

Dietary fats might have a strong association with CVDs 
[6, 7]. More attention to the quality of dietary fats rather than 
their quantity led to a change in dietary recommendations 
to substitute saturated and trans-fatty acids with unsaturated 
fats [8, 9]; and to increase the intake of polyunsaturated 
(PUFAs) [10] and monounsaturated (MUFAs) fatty acids 
[11]. MUFAs are suggested to have beneficial effects on car-
diovascular risk factors [12–14], although, a systemic review 
and meta-analysis on 83 randomized clinical trials reported 
that omega-3, omega-6, or total PUFA has little or no effect 
on prevention and treatment of T2DM [15].

Canola oil (CO) is rich in alpha-linolenic acid (ALA) 
[16], as well as MUFAs [17]. Randomized clinical trials 
(RCTs) have shown the effects of CO on different cardiovas-
cular risk factors. A systematic review and meta-analysis of 
our group on RCTs regarding the effects of CO on cardiovas-
cular risk factors indicated that CO consumption decreases 
total cholesterol (TC) (− 0.27 mmol/l), low-density lipo-
protein cholesterol (LDL-C) (− 0.23 mmol/l), LDL-C to 
high-density lipoprotein cholesterol ratio (LDL:HDL ratio) 
(− 0.21), TC:HDL ratio (− 0.13), Apolipoprotein B (Apo B) 
(− 0.03 g/l), and Apo B:Apo A-1 ratio (− 0.02) compared to 
other edible oils (P < 0.05), while no significant effects were 
observed on triglycerides (TG), Apo A, lipoprotein (a) (Lp 
(a)), systolic and diastolic blood pressure (SBP and DBP) 
[18]. The findings of another meta-analysis concerning the 
effects of CO intake on body weight and body composition 
measurements showed no significant effects on body mass 

index (BMI) and body composition measurements, and just 
a slight decrease was observed in body weight [19].

The main functional ingredients of sesame oil (SO) are 
polyunsaturated fatty acids, MUFAs, vitamin E [20], and 
lignans, including sesamin, episesamin, and sesamolin 
[21]. In addition, sesame seeds has been also consumed as a 
therapeutic agent in Asia for decades [22]. A limited num-
ber of studies have investigated the effect of sesame oil on 
cardiometabolic health. Findings of two systematic reviews 
and meta-analyses were indicative of no significant effect 
of sesame seed and its products on circulating HDL-C, TC, 
and LDL-C; while, sesame fractions led to a substantial 
reduction in serum TG levels [23] and blood pressure [24]. 
According to these reviews, only a few number of studies 
examined the effect of sesame oil on the lipid profile and 
blood pressure. All of them were graded as high risk based 
on Cochrane collaboration’s risk of bias assessment tool 
with an intervention duration up to 6 weeks [23, 24].

To the best of our knowledge, no study has been designed 
to compare the impacts of these oils on cardiometabolic 
markers.  Therefore, in the current study, we have presented 
the effects of replacing household ordinary consumed oils, 
with SO, CO, and sesame–canola oil (a novel blend of ses-
ame and canola oil (SCO), consist of 60% canola oil and 
40% sesame oil) on cardiometabolic markers, including 
lipid profile, Apolipoproteins, CVD risk scores, blood pres-
sure, visceral adiposity index (VAI), and kidney markers in 
patients with T2DM. Additionally, it is worth to mention that  
findings of other investigations of our team concerning the 
effects of these oils on glycemic control and liver function 
enzymes in adult patients with T2DM revealed no significant 
difference between the treatment oils [25]. Moreover, based 
on our analysis, these oils might not differently affect body 
fat and composition in these patients [26] as well as adults 
without any chronic diseases [27].

Materials and methods

Study design

The present study is derived from a parent triple-blind, 
randomized, crossover clinical trial designed to investigate 
the effects of replacing regular consumed oils with SO, 
SCO, and CO on blood glucose, cardiometabolic mark-
ers, and body weight and composition in patients with 
T2DM and their spouses. The methodology of the parent 
study was completely described elsewhere [28]. In brief, 
all participants received intervention oils in three 9-week 
intervention phases. There were 3 clinical visits in each 
phase (at the start, in the middle, and at the end). Blood 
samples were taken after an overnight fasting (10–12 h) at 
the beginning and the end of each phase. Anthropometric 
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indices (body weight, waist and hip circumferences, and 
body composition), the medication changes, and dietary 
and physical activity records were measured or collected 
in all clinical visits. The ethical approval of the current 
RCT was granted by the ethics committee of Shahid Sad-
oughi University of Medical Sciences, Yazd, Iran (Refer-
ence number: IR.SSU.REC.1395.25) on 29th May 2016. In 
addition, this RCT was registered in the Iranian Registry of 
Clinical Trials (IRCT) on 14th November 2016 (registra-
tion ID: IRCT2016091312571N6, URL: https:// en. irct. ir/ 
trial/ 12622) and written informed consents were obtained 
from all individuals participated in this study. As the number 
of participants completed the study were different for other 
outcome variables (such as anthropometric measurements), 
only the cardiometabolic markers including serum lipid pro-
file, Apolipoproteins, CVD risk scores, and blood pressure 
in patients with T2DM are reported in the current study.

Inclusion and exclusion criteria

Adults (18–60 years old) with the following criteria were 
included: (1) with 6-month to 10-year history of T2DM; (2) 
taking the oral anti-glycemic agents (not insulin therapy or 
any other injectable glycemic control medication); (3) con-
sumed stable doses of lipid-lowering medications (at least 
for 3 months prior to starting the study); (4) without history 
of any other diseases such as CVDs, coronary artery bypass 
grafting (CABG), kidney or liver diseases, and cancers. Indi-
viduals who (1) changed their dietary habits (going on any 
diet), (2) went on insulin therapy, (3) experienced pregnancy 
or chronic diseases, including CVDs or cancers during the 
study, and (4) did not intend to continue the project were 
excluded.

Intervention

After a 1 month of run-in-period, participants were ran-
domly assigned to 6 rolling methods to consume SO, SCO, 
and CO for 9-week intervention phases. The intervention 
periods were separated by 4-week intervals as washout peri-
ods (sunflower oil was provided for the run-in and washout 
periods). Details of the order of intervention oils intakes 
as well as the intervention program are fully illustrated in 
the study protocol paper [28]. The intervention oils were 
provided for the household use of participants as much as 
they requested. Neither participants nor personnel and stat-
isticians were aware of the type of intervention oils up to 
the end of the study. The strategy used for randomization, 
randomization concealment and blinding is fully described 
in the protocol [28]. The refining and advanced purification 
process as well as odor removal and color elimination pro-
cesses, that were used during the producing procedure, pro-
vided us with intervention oils which were similar in their 

odor and color. The fatty acid profile of the intervention oils 
was assessed using gas chromatography with flame ionizer 
detector [(GC-FID) (Youngling, model: YL6500 GC)] [28]. 
The mean percentage of the main fatty acids content of inter-
vention oils are provided in Supplementary Table 1.

Cardiometabolic assessments

Blood samples were taken after an overnight fasting 
(10–12 h) at the beginning and the end of all phases. TG, 
TC, HDL-C, LDL-C, Apo A-1, Apo B, Lp(a), urea, and 
creatinine were analyzed from serum samples by an auto-
analyzer (Alpha-classic, Iran, model: AT + +) using stand-
ard Pars Azmun kits. Intra- and inter-assay coefficients of 
variances for blood markers are provided in Supplementary 
Table 2. Blood pressure was measured after 5-min rest when 
participants were in the sitting mode, for the right arm with 
at least 1-min interval, using a sphygmomanometer (Riester, 
Germany, model: Diplomat-presameter). Anthropometric 
measurements were assessed using standard methods at 
the beginning, in the middle, and at the end of each phase. 
All anthropometric and blood pressure assessments were 
done three times at each visit and the mean was recorded 
[28]. Cardiovascular risk scores were calculated using age, 
gender, SBP, TC, and HDL-C by Framingham equations 
[29, 30]. Visceral adiposity index (VAI) was estimated as 
an independent risk factor related to cardiovascular events 
by the separate formulas for males and females using WC, 
BMI, TG, and HDL-C [31]. The equation suggested by the 
chronic kidney disease epidemiology collaboration (CKD 
EPI) was used to calculate the estimated glomerular filtration 
rate (eGFR) [32].

Dietary and physical activity assessments

Although the participants were asked to keep their dietary 
intake and physical activity stable, their dietary intake and 
physical activity were also controlled. To assess the stabil-
ity of the dietary intake, 3-day weighed food records (three 
consecutive days, 2 weekdays and 1 weekend day) were 
completed by all participants and were collected at the start, 
in the middle, and at the end of each intervention phase. In 
addition, a digital kitchen scale (model: Electronic kitchen 
scale, SF-400) was provided for participants to record 3-day 
cooking forms and record the ingredients of the cooked 
foods with their weights. The daily intake of all consumed 
food and beverages were computed and converted to gram/
day by household measures and food weights provided by 
individuals. Daily energy and nutrients intakes were calcu-
lated using Nutritionist IV software (version 3.5.2, Axxya 
Systems, Redmond, Washington, USA) modified for Iranian 
foods. Physical activity was also assessed by 3-day records 
(2 weekdays and 1 weekend day) filled at the beginning, in 

https://en.irct.ir/trial/12622
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 European Journal of Nutrition

1 3

the middle, and the end of each phase. Its data were con-
verted to metabolic equivalent-min/day (Met-min/day) using 
the updated version of the compendium of physical activities 
[33]. All dietary and physical activity records were checked 
at return by a trained nutritionist.

Sample size and power calculation

The following formula [n = [(z 1 − α/2 + z1 − β)2 × s 2]/2Δ2] 
[34] was used to calculate sample size considering serum 
glucose as the primary outcome [35]. Type 1 and 2 errors 
were set at 5% and 10%, respectively, and a minimum num-
ber of 34 participants was determined. As we aimed to have 
enough power to conduct sex-stratified analyses, we decided 
to enter 50 males and 50 females. The present study tar-
geted to report the effect of intervention oils on secondary 
outcomes including cardiometabolic and kidney markers. 
We calculated the power of the current study for each out-
come using G*Power software (version 3.1.9.7, Germany). 
Our calculations revealed that the study had more than 80% 
power for comparison of change values between at least two 
different oils in all participants as well as males and females.

Statistical analysis

The normal distribution of quantified variables was checked 
using Kolmogorov–Smirnov test. As this was a crossover 
clinical trial, the carry-over effect was considered for all 
outcomes using linear mixed effect model. If a carry-over 
effect was detected for an outcome variable, the comparison 
of change values between intervention oils was done for the 
first phase of the study using general linear model, univari-
ate analysis. Baseline and after-intervention period meas-
urements were compared using the general linear model, 
repeated measures procedure. If no carry-over effect was 
observed, the after-intervention and change values between 
the intervention phases were compared using linear mixed 
model with considering rolling method, as between subjects’ 
factor in the crude model and multivariable adjusted model 
(adjustments for age, sex, baseline BMI, the calculated inter-
vention oils consumed per subject, changes in physical activ-
ity level, the energy intake in each intervention period, and 
baseline values). All these procedures were also performed 
based on gender. Finally, all analyses were performed in 
participants who did not change their glucose-lowering and 
lipid-modifying medications/supplements during the whole 
study period (sensitivity analysis). The results are expressed 
as means ± standard errors (SEs). All analyses were con-
ducted using IBM SPSS (version 20; IBM Corporation, 
USA). p-values equal to or less than 0.05 were considered 
as statistically significant.

Results

Participants

One hundred and two individuals with T2DM were 
included in the present investigation to randomly con-
sume the three intervention oils. During the follow-up 
duration, six participants were excluded due to the fol-
lowing reasons: three did not intend to continue the pro-
ject, one migrated to another city, one was diagnosed with 
CVD, and the medication therapy of another patient was 
changed to insulin therapy. In addition, in the SO interven-
tion period, three participants did not intend to give pre- or 
post-intervention blood samples. One participant was also 
excluded from the statistical analysis because of no com-
pliance based on dietary food records data, although com-
pleted all study phases. Finally, 92, 95, and 95 patients had 
complete data for SO, CO, and SCO intervention periods, 
respectively. The study flow diagram is described in Fig. 1. 
The mean age of individuals who participated in the study 
was 49.17 ± 0.70 years, and 48.42% of the study popula-
tion were males. The baseline characteristics of the study 
participants are summarized in Supplementary Table 3.

Dietary and physical activity assessment

Table 1 represents participants’ energy as well as nutri-
ents intake, and the physical activity level based on 
each intervention phase. No significant difference was 
observed between intervention phases regarding calorie, 
macronutrients, saturated fatty acids intake and physical 
activity level. Considerable between-duration differences 
in MUFAs and PUFAs intake were observed (P < 0.05). 
Sex-stratified dietary intakes and physical activity in dif-
ferent intervention periods are provided in Supplementary 
Table 4.

The effects of intervention oils on cardiometabolic 
markers in the whole population

The crude and multivariable-adjusted mean changes in 
serum lipid profile markers, lipoproteins, CVD risk scores, 
VAI, blood pressure, and kidney markers for the 3 interven-
tion oils are provided in Table 2. It should be noted that the 
carry-over effect was reported only for eGFR levels. There-
fore, the comparison of dietary oils effects on eGFR levels 
was conducted for the first phase.

After adjustment for possible confounders, the consump-
tion of CO caused a significant increase in Apo A-1 concen-
tration (mean change and SE: 5.22 ± 2.37 mg/dl, p = 0.04). 
In addition, the post-treatment serum Apo A-1 levels were 
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significantly higher in the CO consumption period compared 
with the SCO period (p = 0.029).

SO  intake also caused a significant increase in DBP 
(mean change and SE: 0.27 ± 0.12, p = 0.021) as well as 
a considerable increase in serum creatinine levels (mean 
change and SE: 0.006 ± 0.02, p = 0.026) and eGFR (mean 
change and SE: 10.24 ± 3.19, p = 0.014) (Table 2). How-
ever, no significant differences were observed in blood pres-
sure and kidney markers between the intervention periods 
(p > 0.05). As it is shown in Table 2, no significant within- or 
between-period effects were observed for the other markers.

The effects of intervention oils on cardiometabolic 
markers in male and female participants

The effects of treatment oils on lipid and Apolipoproteins’ 
profile in male and female participants with T2DM are 
shown in Tables 3 and 4. The post-treatment serum HDL-C 
levels were significantly higher in the SO period compared 
with the SCO period in females (p = 0.006). Furthermore, 
SCO consumption resulted in a considerable decrease in 
Apo A-1 concentration in women (p = 0.043); and the 
mean change in serum APO A-1 levels was significantly 

Fig. 1  The attendance flow 
of the study participants. SO: 
sesame oil, CO: canola oil, 
SCO: sesame–canola oil

Table 1  The calculated daily 
energy and nutrients intake as 
well as physical activity in each 
intervention  phase1

SO, sesame oil; SCO, sesame–canola oil; CO, canola oil; En %, percentage of total energy intake; MUFA, 
monounsaturated fatty acids, MET-min/day, metabolic equivalent-min/day; PA, physical activity; PUFA, 
polyunsaturated fatty acids; SFA, saturated fatty acids
1 Data are represented as mean ± SE or percentage of total energy intake
2 P value for the comparison between treatment periods. The analysis was done using linear mixed method

SO SCO CO p-value2

Energy (Kcal) 1764.42 ± 37.61 1805.77 ± 37.65 1768.20 ± 37.70 0.298
Physical activity level 

(MET-min/day)
2182.69 ± 26.56 2144.98 ± 26.58 2182.88 ± 26.70 0.190

Carbohydrate (EN%) 58.95 ± 0.60 59.55 ± 0.60 59.04 ± 0.60 0.198
Protein (EN%) 15.48 ± 0.20 15.38 ± 0.20 15.49 ± 0.20 0.804
Fat (EN%) 27.21 ± 0.50 26.63 ± 0.50 27.18 ± 0.49 0.956
SFAs (EN%) 7.93 ± 0.17 7.73 ± 0.17 7.80 ± 0.17 0.641
MUFAs (EN%) 8.46 ± 0.20 9.06 ± 0.20 9.75 ± 0.20  < 0.001
PUFAs (EN%) 6.25 ± 0.21 5.34 ± 0.20 5.60 ± 0.20 0.008
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different between the CO and SCO periods in the multi-
variable-adjusted model (mean change and SE: 4.60 ± 3.15 
vs. − 5.78 ± 2.93; p = 0.044) in females (Table 4). Neither 
within- nor between-period analysis revealed any signifi-
cant effects on other lipid and lipoprotein markers in both 
sexes.

None of the intervention oils could significantly affect 
CVD risk scores in both sexes. No between-period dif-
ference was revealed. SO and CO consumption differ-
ently affected the VAI in males (mean change and SE: 
0.66 ± 0.33 in SO period vs. − 43 ± 0.35 in CO period, 
p = 0.029).

The comparison of the post-intervention levels showed 
a considerably lower SBP levels in the SCO period com-
pared with the CO period in men (p = 0.042). CO and SO 
consumption both resulted in a significant increase in DBP 
in men (mean change and SE: 0.52 ± 0.17, p = 0.003, and 
0.49 ± 0.17, p = 0.018, Table 3); however, SCO had a signifi-
cantly decreasing effect on DBP in this group (mean change 
and SE: − 0.37 ± 0.16, p = 0.034). In addition, analyses indi-
cated that SCO intake significantly reduced DBP compared 
to CO and SO in males (p < 0.05, Table 3). Consuming SCO 
could considerably increase DBP in females (mean change 
and SE: 0.37 ± 0.18, p = 0.044, Table 4); however, the inter-
vention oils were not significantly different regarding their 
effect on blood pressure in this gender (Table 4).

SO consumption could significantly increase eGFR levels 
in females (mean change and SE: 9.12 ± 4.53, p = 0.048), 
while there were no significant changes in this index in 
males (p > 0.05). In addition, the intervention oils were not 
significantly different in their effects on kidney markers.

Sensitivity analysis

The analysis revealed that 12 participants had changed doses 
or types of their hypoglycemic or lipid-lowering medica-
tion during the study period. We conducted the analyses 
on lipid profile, CVD risk scores, and VAI by excluding 
participants experiencing the medication changes. The sen-
sitivity analysis revealed that the increase in serum Apo A-1 
concentration after CO consumption remained significant 
and after intervention values were still higher for CO period 
compared with SCO period for all participants; however, the 
difference in change values between CO and SCO periods 
was disappeared (p > 0.05). In addition, the decrease in VAI 
values was still significantly higher in CO compared to SO 
period, in males (p < 0.05). Furthermore, Serum HDL values 
were still significantly higher after the SO compared with 
SCO intake period (p < 0.05). All other significant effects 
were disappeared in the sensitivity analysis for lipid pro-
file, Apolipoproteins, and cardiovascular disease risk scores 
(Supplementary Tables 5–7).1  A
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Discussion

This study was designed to examine the effects of replac-
ing typical household oil intake with SO, CO, and SCO 
on cardiometabolic markers. The findings demonstrate that 
post-treatment levels of serum Apo A-1 were significantly 
higher in CO period compared with the SCO period in 
the whole population; however, by sensitivity analysis the 
difference was disappeared. Furthermore, a considerable 
decrease in VAI values was seen in CO compared with SO 
intake period in males. Serum HDL-C values were also 
significantly higher after the SO period compared with 
SCO in females. These effects remained significant after 
performing sensitivity analysis. In women, according to 
the between-oil comparisons, CO consumption resulted 
in an increase in serum Apo A-1 levels which was sig-
nificantly different from SCO period. This effect was van-
ished after the sensitivity analysis. SBP was significantly 
lower after SCO intake compared with CO in males. The 
between-period analysis also showed a substantial reduc-
tion in DBP in the SCO period compared with the CO and 
SO periods in males.

Monounsaturated fatty acids, PUFAs, dietary fibers, and 
polyphenols are substantial dietary components associated 
with cardiovascular risk markers [36]. Canola oil is low in 
saturated fat (7%) and has considerable amounts of PUFAs 
(21% linoleic acid and 11% ALA), MUFAs (61% oleic acid), 
and phytosterols [37] and these characteristics have made it 
a good option for protecting humans against cardiovascular 
diseases. On the other hand, SO is a rich source of PUFAs 
(43%), MUFAs (40%), vitamin E, and some lignans (sesa-
min, sesamolin, and sesaminol) [20]. It has been suggested 
that the incorporation of conventional or high-oleic CO to 
a diet in the replacement of saturated fats is an effective 
approach to improve lipid profile [38]. In addition, a study 
on animals reported that SO might increase the expression 
of some genes which are involved in lipid metabolisms [39]. 
An investigation by our team concerning the interaction 
effects of rs670 variant of APOA-1 gene with cardiometa-
bolic markers after consuming SO, CO, and SCO on patients 
with T2DM found that the inter-individual variations of lipid 
profile markers in response to dietary interventions might be 
mediated by rs670 variant of APOA-1 gene [40]. It was indi-
cated that serum levels of HDL-C and TG:HDL ratio were 
increased and decreased following CO intake in A-allele 
carriers rather than non-A-allele carriers, respectively [40]. 
In addition, a considerable genotype-dietary oil interactions 
were observed for LDL:HDL, TC:HDL and TG:HDL ratios 
in another study concerning the interaction between cho-
lesteryl ester transfer protein (CETP) TaqIB gene polymor-
phism and SO, CO, and SCO consumption on metabolic 
response in patients with T2DM [41].
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Our findings showed similar effects of CO, SCO, and SO 
on lipid profile and cardiovascular risk scores in patients 
with T2DM except for HDL-C and Apo A-1. In women, 
HDL-C concentration tended to be significantly decreased 
by SCO compared with SO. Furthermore, in the whole 
population and in females, consuming CO led to a signifi-
cant increase in Apo A-1 compared with SCO. In support 
of our results, several studies have shown the similar effects 
of CO compared with other edible oils on some lipid profile 
markers [42, 43]. In addition, a long-term intervention trial 
in adults with hypercholesterolemia reported a significant 
effect of CO on LDL-C, although no substantial differences 
were observed between CO and control groups regarding 
the effect on TC, LDL-C, HDL-C, and TG [44]. In contrast, 
Bowen et al. reported that CO-based diets could decrease 
TC, LDL-C, Apo B; however, the concentration of Apo 
A-1, HDL-C, and TG were not affected [38]. CO signifi-
cantly reduced VAI, an index calculated using serum TG, 
HDL-C, BMI, and waist circumference, when compared 
with SO in men. The increase in VAI is associated with 
cardiometabolic risk [31], showing that CO intake might 
have more favorable effects on this index rather than SO, 
which can be related to TG lowering and HDL-C increas-
ing effect of this oil. The conflicting results between men 
and women might be related to some polymorphisms which 
exert opposite effects on several lipid profile markers, spe-
cifically HDL-C and Apo A-1 following interventions in 
different genders [45], showing the interaction of several 
polymorphisms and edible oils on lipid profile in males or 
females. Moreover, it is proposed that sex hormones might 
affect insulin sensitivity [46] which in turn affects lipid pro-
file responsiveness to dietary interventions [47].

The results of the current study showed that the SCO 
consumption yielded to a significant decrease in DBP when 
compared with other oils in males. Substantial lower SBP 
levels were also observed after SCO consumption compared 
with CO in men which might show the synergistic effect of 
the combination of SO and CO on blood pressure in males. 
SCO benefits from both SO and CO healthy components. 
Depending on the available nutrients such as lignans and 
vitamin E, SO might exert its antihypertensive effects via 
some mechanisms like modulating the expression of some 
genes associated with the renin–angiotensin–aldoster-
one system (RAS) [48–52]. It is noteworthy that RAS has 
been considered as the major mediator of hypertension in 
males, whereas some other mediators except RAS are more 
important in women [53], which might interpret our differ-
ent findings in males and females. The previous investiga-
tions have led to inconsistent results regarding the effect of  
SO on blood pressure. It has been suggested that consum-
ing 35 g/day of SO in individuals with hypertension led to 
endothelial function and blood pressure improvement [54]. 
In contrast with the above studies, the blood pressure was 1  A
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not affected significantly by SO consumption in the present 
study. In line with our results, a randomized crossover clini-
cal trial showed that consuming 25 g/day of sesame (50 mg/
day sesamin) for 5 weeks did not significantly affect blood 
pressure [55]. Furthermore, another study showed that a 
daily intake of 4.5 g/day SO has no considerable effect on 
blood pressure [56]. In addition to polyphenols, polyunsatu-
rated fatty acids might reduce blood pressure. It has been 
shown that a high-SFA diet led to an increase in blood pres-
sure compared with high-PUFAs diet [57]. A meta-analysis 
revealed that n-3 PUFAs intake may reduce SBP and DBP 
by 2.3 and 1.5 mmHg, respectively [58]. Alpha-linolenic 
acid, as one of the most abundant n-3 PUFAs in CO, may 
decrease blood pressure due to its capability to be converted 
to the most significant n-3 long-chain fatty acids, namely 
EPA and DHA [59]. It is proposed that consuming 0.7 g/
day of DHA might reduce blood pressure by 3.3 mmHg [60]. 
Randomized clinical trials were inconclusive regarding the 
effect of CO on blood pressure. In a 6-month parallel study 
done by Baxheinrich et al. which compared the effects of 
a CO and an olive oil-based diet, differing in ALA content, 
the decline in DBP was significantly more in the CO group 
compared with the olive oil group [61]. The improvement 
of endothelium function by n-3 PUFAs was observed in 
young adults with high metabolic risk [62]. On the other 
hand, the results of a meta-analysis suggested no antihyper-
tensive effects for ALA [63]. Moreover, a trial showed that 
consuming 40 g/day CO could not significantly change the 
blood pressure in women with osteoporosis [64] which was 
consistent with our results.

One of the most common microvascular complications 
of type 1 or 2 diabetes is nephropathy. It could be occurred 
in less than half (20–40%) of the individuals with T2DM 
[65]. eGFR could be measured to assess the renal func-
tion in patients. It has been proposed that the decrease of 
eGFR is associated with increased risk of coronary heart 
diseases, heart failure, and mortality [66]. A novel finding 
of the current study was the increase of eGFR in the SO 
consumption phase in the whole population and females; 
however, no significant differences were observed between 
the intervention oils. The possible mechanisms accounting 
for the effects of SO on kidney health can be speculated by 
polyphenols content. According to the pathogenic role of 
oxidative stress in renal diseases [67], consuming antioxi-
dant-rich foods might lead to alleviate or lessen the severe 
consequences of oxidative stress on organs [68]. Several 
animal studies assessed the effects of sesamin or SO on 
kidney health. One of them found  that sesamin might 
protect the body against age-related kidney dysfunction 
regarding its anti-inflammatory and anti-oxidative prop-
erties [69]. Furthermore, SO may attenuate renal injuries 
in rats as well by inhibiting renal oxidation [70]. In this 
case, several studies on rats demonstrated that SO might 

inhibit nitric oxide production and is a hydroxyl radical 
scavenger [71, 72], causing renal protective effects [70, 
73]. Hydroxyl radicals are defined as the mediator of lipid 
peroxidation [72] producing by nitric oxide and superoxide 
onion reaction [74].

To our knowledge, this study is the first study to com-
pare the effect of canola, sesame, and the blend of canola 
and sesame oils on cardiometabolic health in patients with 
T2DM. Even though, our study was designed to compare 
two edible oils and a blended one (as a novel oil product) 
which all of them can be considered as healthy oils. This 
was a randomized, triple-blind, and crossover clinical trial 
that might lead to a lower risk of bias and greater statisti-
cal power than parallel studies [75]. In addition, acting 
participants as their own control is the most valuable char-
acteristic of such a study design, decreasing confound-
ing variables and increasing precision [76]. In addition, 
due to the nature of crossover design, a lower number of 
participants are needed. In the present study, most of the 
subjects completely participated all phases of the study, 
leading to low attrition. Furthermore, 9-week intervention 
periods can be considered as a long duration among most 
of the crossover studies previously conducted in this field 
[38, 77, 78].

Since we aimed at examining the effect of replacing the 
household oil intake with the intervention oils in the ordi-
nary consumption amounts (similar to the real life), it was 
not possible to measure the exact amounts of consumed 
oils by the participants, which is one of the limitations 
of our study. Measuring the serum fatty acids composi-
tion would be a much more appropriate way to assess the 
participants’ adherence, but we were not able to do these 
measurements due to the financial limitations. Hence, we 
tried to assess the consumption amounts using the weight 
of the given and returned oil containers and the 3-day 
weighted food records. In addition, to remove the contami-
nation and to have a higher quality oil, purification, deo-
dorization, eliminating the taste and odor of the oil were 
conducted and the process might affect the physicochemi-
cal and micronutrients content of the intervention oils. 
However, it should be noted, that all the intervention oils 
were undergone the same processing methods. Although 
this was a crossover study, women included in this study 
were in the menstruating age and the intervention duration 
were 9 weeks; therefore, the menstruation and hormonal 
changes would take place in different time points of the 
intervention periods and this might confound the effects 
in women. It needs to be stated the majority of significant 
findings were disappeared after performing the sensitiv-
ity analysis based on the type or the dose of their lipid/
glucose-lowering medications, thus, our results should be 
interpreted with caution.
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Conclusion

The present study revealed a significant higher Apo A-1 
levels after CO compared with SCO period in patients 
with T2DM. Furthermore, this dietary oil significantly 
reduced VAI values compared to SO in males. After-
intervention, serum HDL-C values were also significantly 
higher in females after SO compared to SCO consumption. 
The post-intervention levels of SBP were significantly 
lower after SCO compared with CO consumption in males. 
In addition, SCO significantly reduced DBP compared to 
the other intervention oils in males. To clarify the reasons 
for gender-specific responses, gene-oil interaction studies 
are merited.
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