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 Background: It has been reported that vegetable oils may affect the level of oxidative 
stress and blood pressure. This clinical trial aimed to compare the effects of canola oil 
and rice bran oil consumption on serum malondialdehyde and blood pressure in 
postmenopausal type 2 diabetic women.   
Methods: The results showed that reduction of MDA level was significantly higher in 
RBO (p<0.001) and CO (p<0.05) groups compared to the controls. In addition, 
reduction in MDA level for RBO group was more than that for CO group (p=0.012). 
Levels of blood pressure remained unchanged in all groups at the end of the study.  
Results: Mean serum zinc was 78.3±13.7 μg/dL. Significant difference was detected 
between mean serum zinc among different BMI groups (ANOVA, p=0.03), while it 
was not significant in different education levels and age intervals (ANOVA, p=0.61 
and 0.95 respectively). Participants from two western provinces of Iran (Khoozestan 
and Lorestan) had significantly higher zinc level. There was a positive relationship 
between serum iron and zinc (Pearson correlation coefficient, r=0.1, p=0.001).  
Conclusion: Consuming either CO or RBO could decrease the levels of MDA and 
oxidative stress in diabetic patients, but RBO was more effective than CO. Neither of 
the oils had any significant impact on blood pressure of diabetic women.   
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Introduction 
Increased mortality from the cardiovascular 

diseases (CVD) is warning in diabetic patients. 
Oxidative stress and hypertension are some of 
the most important health problems linked to 
CVD in diabetes [1-3]. Inflammatory conditions 

activate neutrophils and macrophages which 
produces free radicals such as hydrogen peroxide 
and superoxide so lead to the development of 
oxidative stress [4,5]. Besides, inflammation 
leads to insulin resistance which can cause 
hyperglycemia and dyslipidemia in diabetic 
patients [6,7]. On the other hand, hypertension is 
a risk factor for retinopathy, nephropathy and 
vascular damage. Prevalence of hypertension is 
about 71% among the patients with type 2 
diabetes [8]. Therefore, the effort to improve the 
oxidative stress and hypertension to prevent 
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CVD in diabetic patients is important. 
Progression of CVD in diabetics may be 

affected by manipulation of dietary oils [9-11]. 
Rice bran oil (RBO) is one of the vegetable oils 
containing more than 4.4% antioxidant 
properties [12-14]. γ-oryzanol and γ-tocotrienol 
are two major antioxidants found in RBO which 
are effective against oxidative stress [15-17]. 
The proportion of saturated fatty acids (SFAs), 
mono unsaturated fatty acids (MUFAs) and poly 
unsaturated fatty acids (PUFAs) in RBO is 
approximately 25%, 38% and 37% respectively 
[18]. Canola oil (CO) extracted from rapeseed is 
a good source of mono unsaturated fatty acids 
(MUFAs) which is resistant to oxidative stress 
[19-21]. The percentage of SFAs, MUFAs and 
PUFAs in CO is about 7.35%, 63.2% and 
28.14% respectively [22]. CO and RBO contain 
about 10% and 2.2% omega-3 fatty acids 
respectively, which cause vasodilation and blood 
pressure reduction as well[23, 24]. 

Despite the important role of edible oils in 
blood pressure and oxidative stress regulation, 
according to the best of our knowledge, there is 
no clinical trial which compared the effects of 
CO and RBO consumption in diabetic patients. 
So this study aimed to compare the effectiveness 
of these two oils on improvement of serum 
malondialdehyde (MDA), as an oxidative stress 
index, and blood pressure in women with type 2 
diabetes. 

 
Methods 
Subjects 
Seventy-five postmenopausal diabetic women 

with type 2 diabetes were participated in this 
randomized controlled clinical trial. Participants 
were out patients of Shahid Motahhari 
endocrinology clinic of Shiraz, Iran. Inclusion 
criteria included female gender, being 
postmenopausal, at least 6 months since 
diagnosed as diabetic, routine consumption of 
sunflower oil. Patients with thyroid disorders, 
kidney, liver or cardiovascular diseases, use of 
any medication or nutritional supplement, 
Insulin injection, participation in other studies 
during the last 6 months, smoking and alcohol 
consumption were excluded from participation. 

 
Experimental design 
After a 4 week- run in period, using balanced 

block randomization method the participants 
were allocated to 3 groups including: 1) control 
group (taking 30g/day sunflower oil), 2) CO 
group (taking 30g/day CO) and 3) RBO group 

(taking 30g/day RBO). Based on the estimated 
energy requirement (EER) formula, a balanced 
diet (55% carbohydrate, 18% protein and 27% 
fat) was designed for each participant. Every diet 
contained a 30 gr vegetable oil (canola, rice bran 
or sunflower oils). All participants were 
provided with the oils and asked to add 30gr/day 
on their salad or baked foods using a measuring 
spoon. Complete description of the methodology 
is explained in the previous article of this 
study[25]. The research protocol was registered 
in IRCT with the ID of IRCT2014050417568N1.   

 
Anthropometric measurements and dietary 

intake assessment 
Anthropometric indices including weight and 

height were measured at baseline. Body weight 
was measured using a scale (Seca, Germany), 
without shoes and in light clothing to the nearest 
100g. Height was measured barefoot by mounted 
tape to the nearest 0.1cm. Then BMI was 
calculated as weight (kg)/height2 (m). Weight 
was measured again after 8 weeks. At baseline, 
week 4 and week 8 dietary intakes were assessed 
using 24-hour food record method (2 week day? 
and 1 weekend). Dietary intake analyses were 
done by Nutritionist 4 software (First Databank 
Inc., Hearst Corp., and San Bruno, CA). 

 
Blood pressure and biochemical assays 
At baseline and after 8 weeks a 5cc venous 

blood sample was obtained from each participant 
between 7:00 to 9:00 AM after an overnight fast. 
Then serums were separated by centrifuging and 
kept in −70°C until further analysis. The serum 
MDA level was estimated using a reaction with 
thiobarbituric acid (TBA)[26]. Blood pressure 
was measured from the same arm, with subjects 
in a sitting position, after 10 min of rest. 
Measurements were repeated 3 times at 2-min 
intervals and the means of the 3 measurements 
were recorded. 

 
Ethical consideration 
The study aims and methods were described 

to the participants then written consent was 
taken. The study was approved by the ethics 
committee of Shiraz University of Medical 
Sciences.  

 
Statistical analysis 
Data was analyzed using SPSS software 

(version 19; SPSS Inc., Chicago, IL). Normal 
distribution of variables was tested by 
Kolmogorov- Smirnov test. Baseline 
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measurements and dietary intakes of subjects 
were compared among three groups using one 
way ANOVA. Also one way ANOVA was used 
to identify any significant differences in serum 
MDA and blood pressure changes among the 
three groups. MDA level and blood pressure 
changes in each group were assessed by paired 
samples t-test. P value less than 0.05 was 
considered significant. 

 
Results 
Of the 75 participants, 72 people completed 

the study. One person in CO group and 2 people 
in the control group dropped out due to need for 
insulin injection, lipid-lowering medication 
demand and unwillingness to continue the 
cooperation. Participants did not report any 
adverse effects with the consumption of the oils 
during the study. 

Table 1 show that there were no significant 
differences in the age, weight, BMI, energy 
intake, macronutrients distribution and dietary 
fatty acids pattern of participants among the 
three groups at baseline. 

According to Table 2, mean intake of energy, 

macronutrients and saturated fatty acids (SFAs) 
during the intervention were not significantly 
different among the three groups, but intake of 
MUFAs and omega 3 fatty acids were 
significantly higher in CO and RBO groups 
compared to the controls. 

Comparison of the mean changes of serum 
MDA and blood pressure among the three 
groups after 8 weeks intervention is shown in 
Table 3. Paired samples t-test showed that MDA 
levels decreased significantly in the CO group 
(p<0.001) and RBO group (p<0.001) compared 
to the baseline values.  

After adjusting for baseline values, duration 
of diabetes and changes of body weight during 
the study with analyses of covariance, changes in 
serum MDA levels were significantly different 
among the three groups (p=0.024). Bonferroni 
Post hoc test showed that reduction of MDA 
levels were significantly higher in RBO 
(p=0.008) and CO (p=0.037) groups compared to 
the control group. Reduction of MDA level in 
RBO group was more   than that of CO group 
(p=0.012) as well.  

Table 1. General characteristics, anthropometric status and dietary intake of participants at  
Baseline  
Variables Canola oil (n=24) Rice bran oil (n=25) Control group (n=23)    P value 
Age (y) 52.18± 2.43 50.19±7.08 51.97±6.42 0.345 
Duration of diabetes (y) 6.22± 4.31 8.54±3.86 5.62±6.21 0.368 
Height (cm) 162.21± 6.90 160.48± 6.47 161.70± 6.09 0.634 
Weight (kg) 78.39±7.26 75.24±5.34 79.66±6.55 0.545 
BMI (kg/m2) 29.81±2.81 29.37±2.44 30.54±2.68 0.303 
Energy (kcal/day) 1970.08±124.99 1940.44±169.23 1996.79±203.04 0.921 
Carbohydrate (% of energy) 61.51 ±1.70 59.52±1.30 61.14±101.00 0.881 
Protein (% of energy) 15.32±0.91 15.93±2.10 15.36±1.00 0.651 
Fat (% of energy) 24.74±1.10 26.31±1.72 25.36±2.11 0.454 
ΣSFA (% o total fat) 12.14± 0.91 12.82± 1.11 12.9± 1.32 0.552 
ΣMUFA (% of total fat) 6.9± 0.62 7.63± 0.21 6.5± 0.71 0.374 
ΣPUFA (% of total fat) 3.6± 0.40 4.94± 0.13 5.1± 0.30 0.429 
ΣOmega-3fatty acids (% of total fat) 0.9±0.11 1.1±0.20 1.2±0.22 0.223 
Fiber(g/day) 19.09±2.63 19.82±2.35 19.35±2.40 0.332 
BMI: body mass index, SFAs: saturated fatty acids, MUFAs: monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids. All 
values are mean ± Standard deviation.  * One-way ANOVA. 
 
Table 2. Dietary intake of participants during the study  
Variables Canola oil (n=24) Rice bran oil (n=25) Control  (n=23)   P value 
Energy (kcal/day)  2013±224.04 2027±221.42 1993±243.39 0.967 
Carbohydrate 
 (% of energy) 

56.61 ±0.71 57.32±0.7 56.41±1.02 0.645 

Protein (%of energy) 15.61±1.2 15.97±1.3 15.87±1.5 0.924 
Fat (%of energy) 26.26±2.1 26.42±0.7 27.64±1.2 0.507 
ΣSFAs (%of total fat) 6.51± 0.7 7.01± 0.2 7.19±1.42 0.156 
ΣMUFAs (%of total fat) 12.21±0.8 11.54± 0.42 6.93±0.81 <0.001 

ΣPUFAs (% of total fat) 5.97± 0.5 5.62±0.34 12.38±0.6 0.014 

Omega-3 fatty acids  
(% of total fat) 

1.83±0.2 1.4±0.1 0.79±0.31 0.027 

Fiber (g/day) 18.74±2.21 19.50±2.22 18.91±1.69 0.551 
SFAs: saturated fatty acids, MUFAs: monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids  
All values are mean ± Standard deviation.  * One-way ANOVA. 
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Results of statistical analysis indicated that 
level of blood pressure changes were not 
significantly different within and between 
groups at the end of the study. 

 
Discussion 
The present study compares, for the first 

time, the effectiveness of canola oil and rice bran 
oil on the level of serum malondialdehyde 
(MDA), as a marker of oxidative stress, and 
blood pressure in postmenopausal type 2 diabetic 
women. 

The main finding of this study is that MDA 
levels showed statistical significant decreases in 
both test groups compared to the values at the 
beginning of the study. This finding is in 
agreement with other studies that indicated the 
role of CO and RBO in reducing oxidative stress 
[27-32]. However, regarding to the MDA levels 
as an indicator of lipid peroxidation, some 
investigations revealed increased [21, 33] or 
insignificant changes [30,34] in lipid 
peroxidation by canola oil ingestion. It should be 
noted that exact mechanism of antioxidant 
property of CO is still unclear but it can be 
attributed to increased intake of MUFAs and 
their less sensitivity to oxidation than PUFAs 
[35-37]. 

In accordance with our findings, some studies 
reported the antioxidant effects of RBO [32, 38-
40]. Furthermore, it has been revealed that the 
concentration of thiobarbituric acid reactive 
substances (TBARS) , as an indicator of 
oxidative stress and lipid peroxidation process, 
also MDA can be decreased by γ-oryzanol 
treatment [17,32,39,41,42] which is a major 
antioxidant found in RBO [15,16]. Proposed 
mechanism for antioxidant property of RBO is 
inhibition of lipid peroxidation as well as 
increasing gene expression of superoxide 
dismutase, catalase and glutathione peroxidase; 
consequently improving antioxidant defense 
system and decreasing oxidative stress [41, 43]. 

Our results showed that reduction of MDA 
level in RBO group was more than that in CO 
group. Although the proportion of PUFAs is 

more in RBO, it seems that its antioxidant 
components act stronger and reduce the 
oxidative stress compared to CO. Tocotrienols in 
RBO [15,16] are considered to be more potent 
antioxidant than tocopherols which are found 
abundantly in CO [44-46]. In addition, oryzanol 
is a powerful antioxidant only found in RBO 
[17]; therefore it has more potent antioxidant 
property than other vegetable oils [47] and it 
could be a proper explanation for our results 
which showed more decrease in oxidative stress 
in RBO group. However, in other studies it has 
been revealed that RBO and CO have similar 
effects on oxidative stress [45].      

Our results indicated that levels of blood 
pressure remained unchanged in all groups at the 
end of the study. This finding is in accordance 
with Lai and colleagues’ study [48]. However, 
other investigations revealed that CO and RBO 
cause reduction in blood pressure, especially in 
hypertensive individuals and improve 
cardiovascular disease risk [49-51]. We assume 
that finding no effects on blood pressure in this 
study could be the result of recruiting 
normotensive participants, thus more 
comprehensive studies are recommended either 
in normotensive or hypertensive individuals to 
establish the exact effect of these vegetable oils 
on blood pressure as an important risk factor for 
cardiovascular diseases [52-54]. 

Conducting any survey in various scientific 
fields has its own limits; also there are 
limitations in our study. First, it should be 
considered that approving the effectiveness of 
the mentioned effects of Co and RBO may 
require a longer period of intervention. Second, 
measurement of fatty acids in erythrocytes, as an 
assessment for the participants’ compliance, was 
not done due to financial constraints.  Also, 
physical activity level, fitness and health status 
of each participant should be assessed in future 
investigations due to their potential impacts on 
the effectiveness of these vegetable oils in 
decreasing risk factors for cardiovascular 
diseases especially in diabetic women. 

 

Table 3. Comparison of serum MDA and blood pressure changes among the three groups  
           Canola oil (n=24)        Rice bran oil (n=25)          Control (n=23)  
Variables Before After Changes     P  Before After Changes     P* Before After Changes    P* P 

MDA  
(nmol/dL) 

4.19±1.94 2.76±1.53 -1.43±1.08bc <0.001 4.29±1.72  2.17±1.20 -2.02±1.22ca <0.001 2.95±1.66 3.40±1.72 0.45±1.48 0.098 0.024**

SBP  
(mmHg) 

118.22±2.94  116.35±1.67 1.87±1.24 0.421 116.10±1.85    115.00±2.09 2.12±1.24 0.092 114.30±2.03  113.71±1.98 1.01±0.86 0.211 0.762*** 

DBP 
(mmHg) 

81.11±10.51   79.16±9.40  1.95±1.41 0.67 75.61±8.10 73.90±1.97 1.71±1.82  0.08 75.33±8.61 74.21±8.51 1.29±0.06  0.140  0.697***

MDA; Malondialdehyde, SBP; systolic blood pressure, DBP; diastolic blood pressure. All values are mean±standard deviation. *paired sample t-test. **Analysis of 
covariance ***One-way ANOVA. The same letters show significant differences: (a: p=0.008, b: p=0.037, c: p=0.012, Bonferroni post hoc test). 
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Conclusion 
It can be concluded that CO and RBO are 

useful for attenuating oxidative stress in diabetic 
patients so improve their health condition. Cost 
effectiveness, availability and causing less health 
complications are the proposed benefits of 
consuming these vegetable oils compared to 
other treatments. In addition, the findings of this 
study provide valuable data for practitioners who 
have responsibility for advising diabetic patients 
on their diet as well as health authorities in order 
to have precise control and scientific-based 
monitoring on health status of this type of 
patients.  
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