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of the effects of rice bran oil on cardiometabolic
risk factors, lipid peroxidation and antioxidant
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Abstract

Introduction We previously documented the beneficial effects of rice bran oil (RBO) on cardiac function and athero-
genic cardiometabolic factors in men with coronary artery disease. Therefore, the existing evidence in this area aims
to be expanded by investigating the impact of adding RBO to a daily standard diet on emerging insulin resistance
surrogate markers, lipid peroxidation, antioxidant status, and metabolic disturbances in individuals with metabolic
syndrome (MetSyn) through an open-label controlled trial.

Methods A total of 50 overweight/obese adults (mean body mass index (BMI)=31.08 kg/m2) with at least 3 MetSyn
components were randomly allocated to either the control group, which received a standard diet plan, or the inter-
vention group, which was supplemented with 30 g/d RBO for 8 weeks. BMI, MetSyn components, metabolic score
for insulin resistance (METS-IR), triglyceride—glucose—-BMI (TyG-BMI), malondialdehyde (MDA), total antioxidant capac
ity (TAC), and plasma polyphenol levels were measured before and after this open-label trial.

Results Analysis of covariance (ANCOVA) adjusted for baseline values revealed that, compared with patients
who received only a standard diet, those who were supplemented with 30 g/d RBO presented significantly lower
total cholesterol (P value =0.005; effect size (ES):-0.92), LDL-cholesterol (P value =0.048; £S:-0.62), fasting blood
glucose (P value=0.014; ES:-0.77), MDA (P value =0.002; ES: -1.01), METS-IR (P value < 0.001; ES: -1.24), and TyG-
BMI (P value =0.007; ES:-0.85) after 8 weeks. Additionally, RBO consumption resulted in significantly higher levels
of HDL-C (P value =0.004; ES:0.94) and TAC (P value < 0.0001; ES:2.05). However, no significant changes were noted
in BMI, waist circumference, serum triglycerides, plasma polyphenols, or blood pressure.
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Conclusion Although the current findings suggest that the hypocholesterolemic, antihyperglycemic, and antioxida-
tive effects of 30 g/d RBO seem to be promising for MetSyn patients, they should be considered preliminary. There-
fore, further well-designed clinical trials with larger sample sizes and longer durations are needed to confirm these

findings.
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Introduction

Since it was originally defined by Reaven in 1988 [1], met-
abolic syndrome (MetSyn), commonly known as insulin
resistance syndrome, or syndrome X, is now an impor-
tant driver of the current global cardiovascular crisis [2].
A rising body of evidence indicates that this condition
can accelerate atherosclerosis, which is caused by chronic
inflammation and vascular endothelial dysfunction,
and dramatically increases the risk of type 2 diabetes as
well as cardiovascular-related mortality [3-5]. MetSyn
is characterized by several cardiometabolic disorders,
including obesity, insulin resistance, hypertension, ath-
erogenic dyslipidemia (particularly hypertriglyceridemia,
elevated low-density lipoprotein cholesterol (LDL-C)
and low high-density lipoprotein cholesterol (HDL-C)),
and a proinflammatory and prothrombotic state (such
as increased levels of C-reactive protein (CRP), apo-lipo-
protein B, and homocysteine) [6]. According to some-
what inconsistent clinical definitions and cutoff points
for MetSyn components, several definitions and diagnos-
tic criteria have been proposed. As reported by a recently
published meta-analysis, the worldwide prevalence of
MetSyn varied from 12.5% (95% confidence interval (CI):
10.2-15.0%) according to the Adult Treatment Panel III
of the National Cholesterol Education Program (NCEP-
ATP III) criteria to 31.4% (29.8—33.0%) according to the
Joint Interim Statement definition [7].

Although several genetic and environmental factors
can trigger different components of MetSyn, the patho-
genesis underlying this complex condition is not well
understood. Along with abnormal lipid metabolism,
insulin resistance is the most broadly acknowledged
pathophysiological factor associated with MetSyn [8—10].
Several reports documenting reduced antioxidant capac-
ity together with greater concentrations of reactive oxy-
gen (ROS) and nitrogen (RNS) species, oxidized LDL
(OxLDL), and malondialdehyde (MDA) in MetSyn high-
light the role of chronic low-grade inflammatory and pro-
oxidative states in relation to visceral adiposity, as well as
other potential pathophysiological mechanisms involved
in this syndrome [8-11].

These mechanisms prompted us to apply novel strate-
gies for ameliorating oxidative stress and lipid peroxi-
dation combined with the accumulation of fat mass in
MetSyn [8—11]. Notably, obese subjects have been shown

to have a lower concentration of serum total antioxidant
capacity (TAC) than normal subjects [12]. Thus, increas-
ing the routine intake of dietary products that are able to
enforce the antioxidative defense of the body can result in
improved TAC and, in this way, combat visceral adipos-
ity-related oxidative stress [12].

Therefore, herein, we aimed to explore the effects of
a heart-friendly oil, rice bran oil (RBO), which has high
phytochemical content and antioxidant properties, on
the antioxidant capacity and lipid peroxidation of Met-
Syn together with overweight/obesity. Although accu-
mulating evidence has shown that rice bran and its oil, as
byproducts of the rice milling process, have therapeutic
effects on several metabolic disorders [11, 13—-16], few
human studies are available regarding the ameliorative
effects of RBO on lipid peroxidation and the antioxidant
status [17].

We previously documented the modulating impact of
RBO on atherogenic cardiometabolic factors through an
open-label controlled trial in men with coronary artery
disease (CAD), as it exerted hypolipidemic, hypoglycemic
and anti-inflammatory effects. According to our previ-
ous results, daily consumption of 30 g of RBO, compared
with sunflower oil, was able to increase the left ventric-
ular ejection fraction to reduce the serum levels of uric
acid, lipid profile (with the exception of HDL-C), blood
glucose, and novel atherogenicity markers in correlation
with ameliorated inflammatory markers (high-sensitivity
C-reactive protein (hs-CRP) and tumor necrosis factor-
alpha (TNF alpha)), although it failed to change body
weight and blood pressure after the trial [18, 19]. There-
fore, we aimed to expand the existing evidence by inves-
tigating the impact of incorporating RBO into the daily
standard diet on various health markers in individuals
with MetSyn through an open-label controlled trial. In
this regard, changes in emerging insulin resistance sur-
rogate markers (including the metabolic score for insu-
lin resistance index (METS-IR) and triglyceride-glucose
(TyG) BMI), lipid peroxidation (as reflected by MDA
levels), and antioxidant status (as measured by TAC and
total plasma polyphenol), in addition to anthropomet-
ric indices (as marked by body mass index (BMI) and
waist circumference (WC)), blood pressure, and serum
metabolic biomarkers (blood glucose and serum lipid
profile), were explored following 8-week consumption
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of RBO within a standard diet vs. a standard diet alone.
We hypothesized that the daily incorporation of RBO as
a nutrient-rich fat source into a standard diet can reduce
cardiometabolic risk, ameliorate insulin resistance and
glycemic control, improve the lipid peroxidation rate, and
enhance the antioxidant status in overweight/obese Met-
Syn patients in comparison to the standard diet alone.

Methods

Study design and participants

An open-label, randomized controlled trial was con-
ducted to recruit a total of 80 adult subjects, with MetSyn
from individuals who visited the cardiology outpatient
clinic at Dr. Heshmat Hospital in Rasht, Iran, from May
2022 to August 2023. The following terms were applied
to the inclusion criteria: adults aged between 20 and
70 years with a medical diagnosis of MetSyn [Three or
more of the MetSyn components: 1. WC>102 cm for
males and > 88 cm for females; 2. systolic blood pressure
(SBP) > 130 mmHg or diastolic blood pressure (DBP) > 85
mmHg; 3. Serum glucose>100 mg/dL; 4. HDL-C<40
mg/dL for males and<50 mg/dLfor females; and 5.
Serum triglyceride > 150 mmol/L]. The exclusion criteria
were a history of kidney disease, urolithiasis, gastrointes-
tinal disorders, autoimmune disorders, and cholelithiasis.
Moreover, current drug or alcohol abuse, the administra-
tion of supplements that would interfere with the out-
comes of the study (i.e., omega-3 fatty acids, antioxidants,
fiber, vitamins and minerals), and any changes in drug
therapy or treatment protocols. During the research,
participants’ willingness to proceed with the study was
assessed. Any reluctance to continue, whether due to
displeasure of the flavor of the oil or for any other rea-
sons, was deemed grounds for exclusion from the study.
Following the classification of eligible patients on the
basis of their age range (one category: 20—45 years and
the other category: 45-70 years), participants were ran-
domly assigned to either the control group (n=25) or the
RBO group (n=25) through a randomization method in
which computer-generated random numbers were uti-
lized. The randomization procedure was executed by one
of the research team members who was not involved in
the recruitment of subjects according to a stratified block
design. The participants were organized into blocks of
four, maintaining a 1:1 allocation ratio. The study lasted
for 8 weeks in total, and participants were required to
maintain their lifestyle and medications and were pre-
scribed an individualized standard diet. An overview
of the study procedure is depicted in Supplementary
Fig. 1. The institutional review board of Research Affairs,
affiliated with Guilan University of Medical Sciences
(GUMS), reviewed and approved this research (regis-
tered with research code=33733; 71214). Furthermore,

Page 3 of 14

the trial protocol was registered in the clinical trial reg-
istration system (“IRCT registration number: IRCT
registration number=IRCT20180205038626N10, Regis-
tration date: 2021-11-25; URL: https://irct.behdasht.gov.
ir/trial/60160”). The ethics committee of the GUMS also
approved this study (ethics code number=IR.GUMS.
REC.1400.389). All research methods adhered to the
principles mentioned in the Declaration of Helsinki as of
2013. In addition, written informed consent was obtained
from all study subjects prior to participation.

Data collection and intervention
At baseline, all demographic, socioeconomic, medica-
tion and past medical history information was collected
through face-to-face interviews. Study assessments,
including biochemical panels and measurements of
blood pressure and anthropometry, were then carried
out before and after the 8-week intervention. Further-
more, at the beginning of the trial and after the study, a
registered dietitian of our research team interviewed
all the participants. Standard individualized diets were
then prescribed for all the subjects while considering
their habitual dietary preferences and habits adjusted for
excessive energy to be healthier. Energy and macronutri-
ent requirements were then calculated for each partici-
pant on the basis of the “2010 United States Departments
of Agriculture (USDA) dietary recommendations for
American” [20]. The prescribed diet compositions were
as follows: 50-55% carbohydrates, 30% fat and 15-20%
protein. The participants were also provided with sam-
ple meal plans that illustrated the recommended diet,
covering options for 6 meals per day, including breakfast,
lunch, dinner, and three snacks, which were also given to
the studied subjects. The patients in the control group
were given a standard diet alone, whereas the interven-
tion group subjects were additionally asked to consume
RBO (30 g, equivalent ~ 2 tablespoon per day). The par-
ticipants’ adherence to the prescribed diets was assessed
through the collection of 24 h diet recalls before and after
8 weeks, during which they were instructed to document
their daily meals and snacks to food diaries. In addition,
to ensure that they adhered well to the dietary plans,
weekly follow-up phone calls were also scheduled to
address any concerns and reiterate dietary guidelines.
The Giltaz Company manufactured RBO with no
intervention in the study procedure. Its fatty acid con-
tent comprised 48.9% MUFAs (including C16:1 at 0.3%,
C18:1—oleic acid at 48%, and C20:1 at 0.6%), 17.82%
SFAs (comprising C14:0 at 0.4%, C16:0 at 15.12%, C18:0
at 1.6%, and C20:0 at 0.7%), and 32.53% PUFAs (including
C18:2—linoleic acid at 30.33% and C18:3—linolenic acid
at 2.2%). In terms of its bioactive contents, y-oryzanol
is found at a concentration of 1.65 g/100 g of RBO. In
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addition, its total amount of tocotrienols and tocopherols
is approximately 0.281 mg/g, with y-tocotrienol (0.175
mg/g RBO), followed by a-tocopherol (0.061 mg/g RBO),
which is the most predominant form [18, 19].

Anthropometrics and blood pressure measurements
Weight and height were measured through the Seca
755 dial column medical scale and a standard stadiom-
eter to the nearest 0.5 kg and 0.1 cm, respectively. The
weight measurements were recorded to the nearest 0.5
kg, whereas the height measurements were taken to the
nearest 0.1 cm. WC was measured through a nonstretch-
able tape placed at the midpoint between the last rib and
upper part of the iliac crest. This WC measurement was
also recorded to the nearest 0.1 cm. The assessments of
body weight, WC, and blood pressure were conducted
both before and after the 8-week intervention period.
Systolic and diastolic blood pressure measurements were
obtained via an automated sphygmomanometer (Supple-
mentary Fig. 1).

Biological sample collection and analysis

Approximately 8 mL of blood sample was taken from
each participant’s antecubital vein following an overnight
fast, twice during the course of the investigation—once
at baseline and once after the 8-week research period.
To prevent coagulation, these samples were collected in
sterile containers with sodium citrate. After blood cen-
trifugation, the plasma and serum aliquots were stored at
—70 °C until the end of the trials. Serum concentrations
of total cholesterol (TC), HDL-C, LDL-C, triglycerides
and fasting blood glucose (FBG) were determined via the
enzymatic-colorimetric (CPO-POD) method via com-
mercial kits according to the manufacturer’s instructions
and using auto analyzers (Hitachi 917 (Hitachi High-
Technologies Corporation, Tokyo, Japan); and Olympus
640 (Olympus Corporation, Tokyo, Japan). Moreover, the
LDL-C level was calculated via the Friedewald formula
[21]. Serum TAC was assessed via the Naxifer -Total
Antioxidant Capacity Assay Kit according to the manu-
facturer’s instructions (Novin Navand Salamat Pishtaz
Company, Urmia, Iran). Additionally, the levels of plasma
total phenol and serum MDA were evaluated via the
Naphenol "-Total Phenol Assay Kit and the Nalondi' -
Lipid Peroxidation Assay Kit-MDA, respectively (Novin
Navand Salamat Pishtaz Company, Urmia, Iran) (Supple-
mentary Fig. 1).

Definition of surrogate markers of insulin resistance

The indices of insulin resistance surrogate markers,
including TyG-BMI and METS-IR, were estimated via
the following calculations [22—-24]:
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¢ Metabolic score for insulin resistance index (METS — IR) =

Ln ((2 x fasting glucose (q¢)) + fasting triglycerides (G£)) x BMI
Ln(HDL — C(%g)) ’

+ Triglyceride glucose (TyG) — BMI index =

fasting triglycerides (%) x fasting glucose (
((Ln ( ]

my

a) )) x BMI).

Sample size calculation and statistical analysis

The sample size of the current trial was estimated on the
basis of the abovementioned formula and considering
the findings of our previous study [18], with 25 subjects
in each study group, which accounted for an anticipated
~15% dropout rate. Eighty percent statistical power with
the aim of finding at least a 25 mg/dl reduction in serum
LDL-C levels was also considered (a=0.05 =0.20,
standard deviation (SD) 1=19.52, SD2=36.51, and
d=25).

N=2x ((Zi-wp +21-5)" x (sD} + sD3)) /(% — %o)’

Statistical analysis was conducted in STATA version 16
(StataCorp LLC; College Station, TX, USA). Descriptive
data were provided for all the variables. For categorical
variables, the frequencies (counts) and percentages (%)
were reported. For quantitative (continuous) variables,
the mean and standard deviation (SD) were described. To
compare the intervention group and the control group, in
the case of continuous variables, the independent sample
t test was employed. For categorical variables, the chi-
square test was conducted. To analyze the effects of the
intervention on the study outcomes, analysis of covari-
ance (ANCOVA) was performed. The outcome variables
included anthropometric data (BMI (in kg/m?) and WC
(in cm)), blood pressure (SBP and DBP (in mmHg)), labo-
ratory data (FBG, serum triglyceride, cholesterol, LDL-C
and HDL-C levels (in mg/dL)), and serum levels of oxi-
dant/antioxidant factors (MDA (in nmol/L), total plasma
polyphenol (in Mg/ml), and TAC (in Mmol/L)). In addi-
tion, the METS-IR and TyG-BMI indices were also inves-
tigated as study outcomes reflecting the status of insulin
resistance. The baseline values of each of these variables
were also controlled for when conducting the ANCOVA
models to explore treatment effects, allowing for a more
accurate comparison of the intervention and control
groups. The corresponding adjusted means and SDs take
into account the initial values of the participants before
the intervention are reported. Furthermore, the effect
size for each outcome, known as Cohen’s d [25], was cal-
culated by dividing the mean difference after the inter-
vention by the combined standard deviation. Cohen’s
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d provides a standardized evaluation of the disparity
between the intervention and control arms, facilitating
a more insightful investigation of the effectiveness of the
intervention. The magnitude of the effect sizes was clas-
sified via Cohen’s d values [25]: negligible or trivial for
d<0.2, mild or weak for 0.20-0.49, moderate or medium
for 0.50-0.79 and large or powerful for d>0.80. Signifi-
cance was considered when the P value was <0.05, with
two-tailed statistical analysis.

Results

Baseline characteristics of the participants

Out of 80 patients who were evaluated for eligibility, 50
were selected, and the study began. Two participants
in the RBO group and 4 participants in the control
group dropped out for various reasons. Accordingly,
44 individuals ended the trial, which is depicted com-
prehensively in Fig. 1. Table 1 summarizes the baseline
characteristics of the studied participants, with aver-
age ages of 52 (10) and 53 (10) years in the interven-
tion and control groups, respectively. The distributions
of age, sex, and educational level were uniform among
the participants in the two groups (Table 1). There were
also no significant differences in terms of the MetSyn
components of the participants in each group, except
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that the frequency of hypertriglyceridemia tended to
be greater among patients in the intervention group
than among the controls (96% vs. 71%, P value =0.042)
(Table 1).

The dietary energy and macronutrient intakes of the
studied participants were also compared across the study
groups, and no between-group differences were noted
before or after the current randomized controlled trial
(RCT) (Supplementary Table 1).

Effects of intervention on cardiometabolic risk factors, lipid
peroxidation and antioxidant status markers
Between-group comparisons at enrollment revealed that
the majority of the anthropometric, clinical, and biochem-
ical data of the studied patients who were supplemented
with RBO plus a standard diet or those who received only
a standard diet were homogeneously distributed, except
that the intervention group presented significantly lower
WC, HDL-C, and TAC and greater triglyceride levels than
did the other groups did (P value <0.05) (Tables 2 and 3).
Regarding the effects of the study intervention on
anthropometric measures, no significant differences
were observed in either BMI or WC; however, a small,
nonsignificant trend toward lower average BMI levels

[ Enrollment ]

Assessed for eligibility (n=80)

Excluded (n=30)
+ Not meeting inclusion criteria (n=20)
» + Declined to participate (n=10 )

| Randomized (n=50) |

|

L

Y Allocation | y

Allocated to intervention group (n=25)

+ Received standard diet + rice bran oil (n=25)

U

v Follow-Up v

Allocated control group (n=25)

+ Received only standard diet (n=25)

J

Lost to follow-up (n=2) due to:
Declined to continue for personal reasons(n=1)
Had changes in their prescribed drugs (n=1)

| Analysis

Lost to follow-up (n=4) due to:
Had changes in their prescribed drugs (n=2)
Declined to continue for personal reasons(n=2)

Analysed (n=23)

Fig. 1 Flow diagram of the studied patients

Analysed (n=21)
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Table 1 Baseline demographic and clinical data, and prevalence of Metabolic Syndrome components of studied participants in a
randomized controlled trial of standard diet+ rice bran oil vs. standard diet alone

Control group Intervention group Pvalue
(N=21 (N=23)
Age (year), mean (SD) 53(10) 52 (10) 0.620*
Sex, n (%) female 11 (52%) 12 (52%) 1.00*
male 10 (48%) 11 (48%)
Educational status, n (%) Elementary and middle school 7(33.3%) 8 (37.7%) 0.773"
High school 12 (57.1%) 11 (47.8%)
Diploma and higher 2 (9.5%) 4(17.3%)
Prevalence of Metabolic Syndrome components
Elevated waist circumference® 17 (81%) 14 (61%) 0.1894#
Low HDL-C® 17 (81%) 21 (91%) 0401#
Elevated triglyceride® 15 (71%) 22 (96%) 0.042#
Elevated Serum glucosed 19 (90%) 23 (100%) 0.220#
Elevated Blood Pressure® 17 (81%) 19 (83%) 1.00#

Data are reported as the mean (standard deviation), SD or n (%), according to type of variable

*Independent sample t test
# Fisher's exact
@Waist circumference > 102 cm for males and > 88 cm for females

b Systolic blood pressure (SBP) > 130 mmHg or diastolic blood pressure (DBP) > 85 mmHg

€ Serum glucose > 100 mg/dL; 4
9 HDL-C <40 mg/dL for males and < 50 mg/dL for females
€ Serum triglyceride > 150 mmol/L

was observed in the patients in the RBO plus standard
diet group than in those in the control arm. Additionally,
with respect to the changes in blood pressure following
the 8-week trial, only a moderate reduction in the level
of SBP was observed in those who consumed RBO com-
pared with controls, although this difference was margin-
ally statistically significant (baseline adjusted mean (SD):
125.74 (7.14) mmHg vs 129.89 (7.32) mmHg; effect size:
-0.58 (-1.18 — -0.03); P value=0.064, using ANCOVA
test) (Table 2).

At the 8th week, between-group comparisons of the lev-
els of the serum lipid profile after taking into account the
baseline values via ANCOVA revealed largely reduced TC
(mean (SD): 144.57 (37.56) mg/dL vs. 178.99 (37.63) mg/
dL; effect size: -0.92 (-1.53—-0.29); P value =0.005) levels
following the consumption of 30 g/d RBO plus a stand-
ard diet compared with the patients who received only
a standard diet. Similarly, moderately decreased serum
LDL-C concentrations were also detected in the interven-
tion group, although the difference was marginally sig-
nificant (mean (SD): 75.33 (31.28) mg/dL vs. 94.60 (31.29)
mg/dL; effect size: -0.62 (-1.22—-0.01); P value=0.048).
Conversely, HDL-C levels were largely increased in the
MetSyn patients who were administered RBO compared
with those in the other groups (mean (SD): 42.49 (5.06)
mg/dL vs. 37.75 (5.08) mg/dL; effect size: 0.94 (0.31-
1.56); P value=0.004). However, no significant effects on

the serum triglyceride levels were noted after the trial
(Table 2).

Moreover, exploring the effects of supplementing
the standard diet with RBO on glycemic control of
the included MetSyn according to ANCOVA models
adjusted for baseline levels revealed that the patients
in the intervention group, compared with the controls,
had moderately lower FBG levels (mean (SD): 107.67
(29.80) mg/dL vs. 130.59 (29.80) mg/dL; effect size:
-0.77 (-1.38—-0.15); P value =0.014). Interestingly, fur-
ther analysis of the impact of the RBO intervention on
novel insulin resistance markers, including the METS-
IR and TyG-BMI indices, revealed significantly greater
reductions in both markers after consumption of RBO
plus a standard diet than after consumption of a stand-
ard diet alone (METS-IR baseline-adjusted mean (SD):
48.00 (3.42) vs. 52.30 (3.51); effect size: -1.24 (-1.88—-
0.59); P value < 0.001; TyG-BMI index baseline-adjusted
mean (SD): 273.00 (16.83) vs. 287.57 (17.25); effect size:
-0.85 (-1.47—-0.23); P value=0.007) (Tables 2 and 3
and Fig. 2).

With respect to the effects of RBO on lipid per-
oxidation and antioxidant status, the present findings
revealed that serum MDA levels and TAC differed
significantly between the intervention group and the
control group after the 8-week trial. These signifi-
cant improvements were reflected by largely reduced
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Table 2 Changes in anthropometric, clinical and laboratory data before and after consumption of standard diet + rice bran oil
compared to standard diet alone in a randomized controlled trial on patients with metabolic syndrome

Model Time point Control group Intervention Mean difference (95%Cl) Cohen’s d (95%Cl)? Partial Eta® P value
(n=21) group
(n=23)

Anthropometric data

Body mass index (BMI) Before 32.09 30.07
(kg/m?) (3.96) (3.86)
After 31.07 30.52
(1.35) (1.35)
Waist circumference Before 107.00 97.30
(cm) (10.51) (6.92)
After 101.57 101.26
(3.04) (3.02)
Blood pressure
Systolic blood pressure Before 127.86 127.61
(mmHg) (16.55) )16.57(
After 129.89 12574
(7.32) (7.14)
Diastolic blood Before 80.71 80.22
pressure (mmHg) (11.21) (9.83)
After 79.24 80.00
(11.28) (11.01)
Laboratory data
Fasting blood glucose  Before 116.81 118.83
(mg/dl) (46.43) (24.10)
After 130.59 107.67
(29.80) (29.80)
Serum triglyceride Before 161.62 217.26
level (mg/dl) (72.26) (87.69)
After 167.58 167.28
(62.69) (60.94)
Serum total Before 164.19 200.26
cholesterol level (46.97) (69.63)
(mgy/dI) After 17899 14457
(37.63) (37.56)
Serum total LDL-C Before 108.33 113.63
level (mg/dl) (38.08) (43.77)
After 94.60 7533
(31.29) (31.28)
Serum total HDL-C Before 37.71 36.09
level (mg/dl) (4.06) (4.90)
After 37.75 4249
(5.08) (5.06)

202 - - 0.093
(-0.35—4.40)

-0.54 -0.40 0.04 0.199%
(-1.38—0.30) (-0.10—0.20)

9.70 - - <0.001"
(433 -15.06)

031 -0.10 0.002 0.752%
(-2.28 - 1.66) (-0.69—0.49)

0.25 - - 0.960"
(-9.84—10.34)

416 -0.58 0.110 0.064¢
(-8.57—-0.25) (-1.18—-0.03)

0.50 - - 0876
(-5.90—6.90)

0.77 0.07 0.001 0.820f
(-6.03—7.52) (-0.52—0.66)

-2.02 - - 0.856"
(-24.23—20.20)

-22.93 -0.77 0.137 0.014%
(-41.10—-4.76) (-1.38—-0.15)

-55.64 - - 0.028"
(-104.80—-6.48)

-0.30 -0.004 0.000 0.987%
(-39.07 - 38.46) (-0.60—0.59)

-36.07 - - 0.053"
(-72.57—0.43)

-3442 -0.92 0.177 0.005*
(-57.85—-10.99) (-1.53—-0.29)

-5.30 - - 0672
(-30.36—19.79)

-19.27 -0.62 0.092 0.048°
(-38.36—-0.18) (-1.22—-0.01)

3.1 - - 0.034"
(0.25—5.97)

475 0.94 0.182 0.004*
(157 -7.92) (0.31—1.56)

Data are reported as the mean (standard deviation, SD) unless otherwise specified

*Independent sample t test comparing the variables between-groups at study baseline

£ Analysis of covariance (ANCOVA) adjusted for baseline values of each outcome variable

2 P value and partial Etha square obtained from ANCOVA adjusted for baseline values of each outcome variable./Significant differences between groups are bolded

b Cohen’s d effect size: measured as the mean difference in change divided by the pooled standard deviation of the change, based on values adjusted for baseline

MDA levels and highly increased TAC after RBO
consumption plus the standard diet in comparison
with the standard diet alone (MDA adjusted mean
(SD): 0.08 (0.03) nmol/ml vs. 0.11 (0.03) nmol/ml;
effect size: -1.01 (-1.63—-0.37); P value=0.002, TAC

adjusted mean (SD): 0.45 (0.04) Mmol/L vs. 0.36 (0.04)
Mmol/L; effect size: 2.05 (1.31 — 2.78); P value < 0.0001
via ANCOVA test). However, no significant differ-
ences were found in the levels of plasma polyphenols
(Table 3).
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Table 3 Changes in oxidant/antioxidant factors levels and insulin resistance surrogate markers before and after consumption of
standard diet +rice bran oil compared to standard diet alone in a randomized controlled trial on patients with metabolic syndrome

Model Time point Control group Intervention Mean difference (95%Cl) Cohen’s d (95%Cl)® Partial Eta® Pvalue
(n=21) group
(n=23)
Oxidant/antioxidant factors
Serum Before 0.10 0.12 -0.02 - - 0.058"
Malondialdehyde (0.03) (0.03) (-0.04—0.001)
(MDA) level (nmol/L)  xfer 0.11 0.08 -003 -1.01 0215 0.002°
(0.03) (0.03) (-0.04—-0.01) (-1.63—-0.37)
Total Plasma Before 0.90 0.88 0.02 - - 0343
Polyphenol levels (0.07) (0.05) (-0.02—0.06)
(Mg/ml) After 088 089 0.002 003 0.000 0919
(0.09) (0.08) (-0.05—0.065) (-0.56—0.62)
Serum Total Before 045 0.38 0.07 - - 0.002"
Antioxidant Capacity (0.09) (0.05) (0.03—0.12)
(TAC) (Mmol/L) After 036 045 008 205 0512 <0.0001¢
(0.04) (0.04) (0.06—0.11) (1.31—2.78)
Insulin resistance surrogate markers
Metabolic score for Before 52.66 51.78 0.88 - - 0687
insulin resistance (7.73) 6.31) (-3.49—5.25)
index (METS —IR) After 5230 48,00 430 124 0.297 <0.001°
(3.51) (342) (-6.42—-2.19) (-1.88—-0.59)
Triglyceride-glucose  Before 290.40 28217 8.23 - - 0.554"
(TyG) BMl index (48.98) (42.66) (-19.65—36.12)
After 287.57 273.00 -14.56 -0.85 0.166 0.007¢
(17.25) (16.83) (-24.98—-4.14) (-1.47—-0.23)

Data are reported as the mean (standard deviation, SD) unless otherwise specified

Significant differences between groups are bolded

" Independent sample t test comparing the variables between-groups at study baseline

£ Analysis of covariance (ANCOVA) adjusted for baseline values of each outcome variable

2 Pvalue and partial Etha square obtained from ANCOVA adjusted for baseline values of each outcome variable

b Cohen's d effect size: measured as the mean difference in change divided by the pooled standard deviation of the change, based on values adjusted for baseline

Adverse effects

None of the patients in the RBO group experienced any
adverse effects or complications following the consump-
tion of RBO, and the oil was well tolerated.

by increased serum TAC, along with reduced levels of
MDA, a well-known lipid peroxidation marker in serum.
Consistent with our findings, several reports on RBO
have revealed lipid-lowering activities due to its high-
value compounds [18, 19, 26—34]. A randomized control

Discussion

In line with our previous research on the impact of RBO
on atherogenicity indices, cardiometabolic risk factors
and biomarkers of the inflammatory state [18, 19], this
study aimed to advance the current knowledge of the
beneficial effects of RBO on MetSyn components, novel
insulin resistance surrogate markers, antioxidant status,
and lipid peroxidation in overweight and obese individ-
uals, both men and women. The findings from the cur-
rent study revealed that RBO supplementation within a
standard diet resulted in a significant reduction in FBG,
LDL-C, and TC and a significant improvement in HDL-C
levels among individuals with MetSyn. Moreover, prom-
ising results have been shown for reinforcing antioxi-
dant defense and inhibiting oxidative stress, as reflected

trial on hyperlipidemic subjects by Bumrungpert et al.
demonstrated that 4 weeks of RBO supplementation
(30 mL) could decrease LDL-C levels [27]. Moreover, a
4-week feeding study involving 50 volunteers who con-
sumed a low-calorie diet based on 1400 kcal of energy
with RBO was performed. The outcomes of a previous
study corroborated earlier findings demonstrating the
reduction in total and LDL cholesterol levels in humans
caused by RBO [29]. Notably, recent systematic reviews
and meta-analyses of RCTs confirmed our results by
highlighting a significant improvement in the lipid pro-
file through a reduction in the serum TC and LDL-C
levels [26, 35]. Similarly, the results obtained in the pre-
sent study on the effects of RBO on the lipid profile dem-
onstrated that, compared with patients who received a
standard diet plan, those who were supplemented with
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a. Changes in Triglyceride-glucose (TyG) BMI index
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P-value = 0.007
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b. Changes in metabolic score for insulin resistance index (METS—IR)
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Fig. 2 Box plot of changes in insulin resistance surrogate markers (a triglyceride—glucose (TyG) BMI and b metabolic score for insulin resistance
index (METS —IR)) before and after intervention (consumption of standard diet +rice bran oil vs. standard diet alone) in a randomized controlled
trial of patients with metabolic syndrome. The error bars depict the interquartile range.  indicates significant between-group differences according

to ANCOVA adjusted for baseline values

30 g/d RBO presented reduced TC levels and elevated
HDL-C levels with large effect sizes (effect sizes: -0.92
and 0.94, respectively; P value<0.005). These subjects
also showed a reduction in serum LDL-C levels with a
moderate effect size, although the between-group dif-
ference was marginally significant (effect size: -0.62; P
value=0.048). Nonetheless, no significant differences in
the serum triglyceride levels following the consumption
of RBO were observed. Additionally, in a recent clinical
trial by Prasertsri et al. [36], which involved 35 prehyper-
tensive patients, no favorable changes in the serum TC,
FBG, triglyceride, LDL-C or HDL-C levels were detected
by the consumption of 1000 mg/day of Riceberry RBO or
RBO (1000 mg/d), in contrast to our results [36].
Interestingly, in accordance with previous findings
[18, 32, 34], the current results also support the efficacy
of supplementing the standard diet with RBO, over the
standard diet alone, in ameliorating glycemic control and
insulin resistance indicators, as reflected by reduced FBG
levels with moderate effect sizes (-0.77; P value=0.014)

and decreased values of insulin resistance surrogate
markers, including METS-IR and the TyG-BMI index,
with large effect sizes (-1.24 and -0.85, respectively; P
value<0.007) in overweight/obese patients suffering
from MetSyn. However, in contrast to the current evi-
dence, some clinical trials have reported no significant
changes in the glycemic profile following RBO consump-
tion [30, 36].

The analysis of the constituents in the current RBO
applied in the present study revealed key functional
ingredients, similar to those of the other RBO variants
[37, 38]. Notably, high levels of oleic acid accounted
for 48%, and linoleic acid accounted for 30.33% of the
fatty acid content. Additionally, significant amounts of
y-oryzanol (1.65 g/100 g of RBO), y-tocotrienol (0.175
mg/gram RBO), and a-tocopherol (0.061 mg/g RBO)
were identified as predominant forms in this particular
RBO variant [18, 19]. As such, the unsaturated fatty acid
contents of RBO may contribute to the observed antihy-
perglycemic, cholesterol-lowering and antiantioxidative
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effects of this heart-friendly oil during this RCT [39,
40]. Interestingly, a clinical trial in which saturated fatty
acids (SFAs) were substituted with MUFAs revealed
significant reductions in the production rates of very-
low-density lipoprotein (VLDL) apoB-100 and LDL
apoB-100, along with decreases in non-HDL-C and LDL-
C, whereas no significant changes in triglyceride-rich
lipoprotein (apoB-48) were reported [41]. Furthermore,
robust evidence revealed tocopherols, tocotrienols, and
oryzanol as the main bioactive compounds of RBO that
can meditate various metabolic pathways related to its
health-promoting effects. Accordingly, numerous mech-
anisms have been delineated in this regard. It has been
suggested that y-oryzanol may downregulate B-hydroxy-
B-methylglutaryl-CoA (HMG-CoA) reductase, a key
rate-limiting enzyme involved in hepatic cholesterol
synthesis, which can suppress cholesterol synthesis in
the liver [29, 42, 43]. In addition, the y-oryzanol com-
plex might increase the flow of bile acid and its combi-
nation with cholesterol, which subsequently increases
the levels of cholesterol and its metabolites in the feces
and hinders intestinal absorbance [31, 44]. Moreover, the
y-oryzanol molecule contains sterols that may reduce
cholesterol absorption [42]. Another important attribute
of y-oryzanol is its tangible effects on the stimulation of
cholesterol 7-alpha-hydroxylase (CYP7A1l), an essential
enzyme that regulates cholesterol levels during its con-
version to bile acid [26, 27, 45]. Above all, animal mod-
els have previously proposed that RBO has a profound
effect on the lipid profile, particularly LDL-C, by increas-
ing LDL-C receptor levels [46]. In addition, y—oryzanol
intervention has been reported to effectively improve
insulin resistance and lipid profiles by modulating Met-
Syn-related biomarkers such as adiponectin [15, 47, 48].
Moreover, as determined by in vivo studies, the antihy-
perglycemic properties of RBO can be mediated mainly
by its tocotrienol, y-oryzanol, and ferulic acid (FA) con-
tents through the inhibition of a-amylase and a-glucosi-
dase, which are key enzymes that regulate the glucose
concentration in the small intestine [18, 19, 49-54]. The
considerable impact of macronutrients and bioactive
ingredients of rice on the modulation of glucose trans-
port, specifically, sodium-coupled glucose cotransporters
(SGLT1) and glucose transporters (GLUT2), could also
be another hypothesis that highlights glucose-lowering
activities [52]. To further address this issue, it has been
reported that tocotrienols are capable of binding to per-
oxisome proliferator-activated receptors (PPARs), which
leads to insulin-mediated glucose uptake through the
upregulation of glucose transporter 4 (GLUT4) [53]; in
this way, tocotrienol content of RBO may increase insulin
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sensitivity and contribute to the alleviation of hyperglyce-
mia [51, 54].

Although the available evidence regarding the effects
of RBO as a MUFA-rich fat source on serum triglyceride
levels seems to be conflicting [31, 55-57], in the present
study, we failed to find any significant differences in tri-
glyceride levels between the intervention and control
groups after the trial, whereas favorable effects of RBO
on cholesterol-related lipid factors were noted. These
findings may be attributed in part to the significant dif-
ferences in the baseline values of the serum triglyceride
levels rather than a direct effect of the intervention, as
the intervention group presented greater levels than did
the controls. Thus, although triglyceride levels tended to
decrease among RBO patients, taking into account the
baseline values in ANCOVA models revealed no signifi-
cant effects of consuming the oil compared with those in
the control group.

Additionally, the present study was designed to evalu-
ate the efficacy of RBO on lipid peroxidation and antioxi-
dant defense. Compared with receiving only the standard
diet plan, consuming RBO resulted in largely amelio-
rated levels of the lipid peroxidation marker MDA and
improved antioxidant status, as manifested by highly
elevated TAC (large effect sizes: -1.01 and 2.05, respec-
tively; P value <0.002). The evidence reported by other
research groups may support our findings in terms of
lipid peroxidation and oxidative stress, as indicated by
changes in MDA and TAC [18, 27, 36, 51, 58]. Similarly,
an 8-week RCT on prehypertensive females reported that
both RBO and rice berry rice bran oil ameliorated MDA
and TNF-alpha [36]. Research by Bumrungpert et al.
revealed significant improvements in antioxidant status,
as defined by ferric reducing antioxidant power (FRAP)
and oxygen radical absorbance capacity (ORAC), after
the consumption of a diet with RBO compared with the
consumption of a diet with soybean oil [27]. From an
overall perspective, it is not surprising that the levels of
MDA, a secondary product of lipid peroxidation, would
be modulated by the potent antiliplipidemic proper-
ties of RBO [51, 59]. The antioxidant properties of RBO,
a polyphenol-enriched byproduct of rice processing, are
delineated by its ability to increase the activities of sev-
eral antioxidant enzymes, such as glutathione peroxidase
(GPx), superoxide dismutase (SOD), catalase (CAT), qui-
none oxidoreductase, and nicotinamide adenine dinucleo-
tide phosphate reduced form (NADPH), in addition to
disrupting proinflammatory cytokine secretion [51, 59].
Likewise, RBO has shown promising potential protective
effects against oxidative damage by donating a hydrogen
atom to different free radicals and converting them to less
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reactive species as a consequence of its radical-scavenging
activity [15, 58, 60]. Notably, y-oryzanol seemed to have
additional MetSyn by reducing the intracellular levels of
CRD, triglycerides, and interleukin-6 and the expression of
stearoyl coenzyme-A desaturase-1 [15, 47, 48].

With respect to the effects of RBO on blood pressure
and anthropometric indices in our study, only a moderate
reduction in the level of SBP was observed in those who
consumed RBO compared with controls, although this
difference was marginally significant (moderate effect
size: -0.58). However, a recent randomized clinical trial
on hypercholesteremia in overweight/obese adults pro-
vided insight into the blood pressure-reducing effects of
defatted rice bran, a byproduct of RBO production, not
only through reducing SBP but also DBP [32]. Nonethe-
less, consuming RBO did not result in significant effects
on DBP, WC, or BMI in our trial, although it did lead to
a small, nonsignificant trend toward lower average BMI
levels than the standard diet alone (small effect size:
-0.40). In parallel, the currently available body of research
has failed to show a definitive impact of RBO on anthro-
pometric indices, particularly weight [18, 29, 32]. The
absence of the anticipated effect and controversial results
of prior studies might be the result of several small dif-
ferences beyond lifestyle, physical activity, and caloric
intake.

Strengths and limitations

This study’s primary strength lies in its inclusive recruit-
ment of both male and female participants, providing a
comprehensive analysis across genders. Research con-
ducted on overweight/obese MetSyn patients under-
scores the potential of RBO as a therapeutic agent.
However, the study is not without limitations. Promi-
nently, the open-label design of the study, in addition to
the lack of placebo oil, may complicate the interpretation
of the findings, making it difficult to isolate the effects of
RBO. Additionally, the 8-week intervention period may
also be viewed as a limitation. Moreover, while some
outcomes showed effect sizes greater than 0.20, they
did not reach statistical significance, suggesting that the
sample size and, therefore, the study power might have
been inadequate. In addition, in the current investiga-
tion, we adopted a comprehensive set of statistical and
methodological approaches to minimize the potential
impact of confounding variables on the effects of RBO
consumption. These approaches included a randomiza-
tion process, the enforcement of a standardized dietary
regimen for participants, and guidelines for patients to
refrain from altering their daily activities, encompassing
physical activity and medication consumption, through-
out the study. We also employed ANCOVA models in
which the baseline values of each outcome of interest
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were controlled for. Nonetheless, it is crucial to note
that we were unable to completely eliminate all poten-
tial confounders. As a result, unmeasured influences,
such as other environmental factors and variations in
patients’ medication or physical activity levels, may
affect the outcomes. Therefore, caution is warranted in
interpreting the findings, given the potential for residual
confounding.

Clinical relevance of the current findings

These findings shed light on the promising effects of
RBO, as incorporating this healthy oil into the standard
diet in overweight/obese patients with MetSyn might
lead to enhancements in hyperglycemia and high cho-
lesterol levels while increasing HDL-C levels. Moreo-
ver, the ability of the body to protect against oxidative
stress might also be improved. Considering these find-
ings, healthcare providers can recommend a daily intake
of approximately 30 g of RBO within a healthy dietary
pattern for MetSyn patients. Moreover, unhealthy fat
sources should also be limited as part of a comprehensive
strategy to address the underlying factors contributing to
MetSyn and improve overall health outcomes for affected
individuals.

Future direction

Future studies should consider a larger sample size to
improve the statistical power and definitively assess the
effects of RBO. Furthermore, extending the duration of
intervention periods could be beneficial for understand-
ing the long-term effects of regular RBO consumption,
as well as any potential adverse effects that may arise. In
addition, isolating the active compounds found in RBO
(including oleic acid, linoleic acid, y-oryzanol, tocotrie-
nols, and tocopherols) and investigating their effects in
future clinical trials would provide substantial value in
differentiating and comparing the benefits of the various
constituents of this healthy oil. Additionally, incorporat-
ing direct measurements of y-oryzanol levels and altera-
tions in fatty acid profiles in the plasma or tissues of the
studied patients would offer important insights into the
mechanisms by which RBO may influence metabolic dis-
turbances and oxidative stress pathways.

Conclusion

Overall, current findings from an 8-week open-label
RCT provide important insights into the effects of
RBO, including its hypocholesterolemic, antihypergly-
cemic, and antioxidative effects, together with alleviat-
ing lipid peroxidation associated with MetSyn. While
these findings imply the potential of RBO to mitigate
MetSyn and its related risks, they should be considered
preliminary and need to be validated by future studies.
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Thus, well-structured clinical trials with larger sam-
ple sizes and longer follow-up periods and additional
strategies to further minimize confounding effects are
necessary. Additional experimental studies should also
clarify the potential mechanisms by which RBO and its
components can improve metabolic disturbances and
oxidative stress.
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