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Introduction

Effects of tocotrienol-enriched oat
supplementation on metabolic profile, nutritional
status and health-related quality of life among
patients with metabolic syndrome

Camilla Wahida Norazman, (2@ Mastura Mohd Sopian ©2'° and Lai Kuan Lee (2 *?
Background: Tocotrienol has garnered significant attention due to its potent antioxidant and anti-inflam-
matory effects in ameliorating cardiovascular-related comorbidities. The present study aimed to elucidate
the effects of tocotrienol-enriched oat supplementation on individuals with metabolic syndrome (MetS).
Method: This was a randomized, double-blind, placebo-controlled human clinical trial. Patients with MetS
were randomized to the tocotrienol-enriched oat (TO), oat (O) or control (C) groups. Both TO and O
groups were supplemented twice daily for 12 weeks, while group C did not receive any intervention.
Changes in the metabolic profile of individuals were considered as the primary endpoint. The secondary
endpoints included the morphological assessment of nutritional and anthropometric parameters and
health-related quality of life. Other measurements included compliance and tolerability to the study
regime. Results: The rate of MetS remission in the TO and O groups was approximately twice than that in
the control group (37.0% vs. 18.5%). After 12 weeks, the TO group showed significant improvements in the
fasting blood glucose (—4.5%), blood pressure (systolic: —4.2%; diastolic: —5.3%), high density lipoprotein-
cholesterol (HDL-C) (+34.1%), and triglyceride (—7.1%) (p < 0.05) levels. Group TO demonstrated an
increase in muscle mass (+0.301 kg, p < 0.05) and reduced body fat (-0.775%, p < 0.05). Both the TO and
O groups showed improvements in the overall HR-QoL, and the visual analogue scale (VAS) score.
Conclusion: Twelve weeks of tocotrienol-enriched oat supplementation improved surrogate endpoints
associated with MetS. This complementary dietary management approach may be more effective at alle-
viating MetS symptoms than the pharmacological approach alone and could be a safe dietary strategy for
secondary prevention.

stantially increased risk of developing severe complications. As
such, an immediate and all-encompassing approach for detect-

Metabolic syndrome (MetS) is a clinical cluster of metabolic
and vascular disorders that are often accompanied by obesity
and overweight.! Although there is no unified declaration on
the diagnostic criteria, experts agree that this syndrome is
characterized by impaired insulin sensitivity, hyperglycemia,
dyslipidemia, abdominal obesity and hypertension." MetS
increases the risk of cardiovascular events, stroke, type 2 dia-
betes mellitus (T2DM), and all-cause mortality.” As the preva-
lence of MetS has reached epidemic levels across the globe,
individuals with specific conditions are confronted with a sub-
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ing, preventing, and managing MetS is crucial for alleviating
its impact on public health. The economic burden associated
with managing MetS-related complications is substantial,
underscoring the importance of early intervention and
effective treatment strategies.”

Evidence on the effectiveness of dietary control on metabolic
parameters has been established, emphasizing its promising
therapeutic effects in combination with pharmaceutical
therapy.> Among the currently implemented dietary interven-
tions, increased consumption of whole grains and, in particular,
oat components, such as oat fibre and oat bioactive constituents,
has been strongly suggested to regulate metabolic indicators,
including blood cholesterol, blood glucose, body mass index
(BMI), and lipid profiles.” These dietary modifications are associ-
ated with a reduced risk of cardiovascular disease.>®

In 1997, the Food and Drug Administration (FDA) acknowl-
edged the beneficial role of fibre in reducing cardiovascular
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disease risk.” Products with 0.75 g of p-glucan or 1.78 g of psy-
llium for each serving are qualified to carry the health claim of
“will reduce the risk of coronary heart disease” and further
suggest that 4 servings of these foods are effective daily
dosages.® More recently, the European Food Safety Authority,’
the French Agency for Food, Environment and Occupational
Health and Safety,'® the Joint Health Claims Initiative in the
UK and the Food Directorate,"" and the Health Products and
Food Branch of Health Canada'? have made claims for chole-
sterol-lowering effects at this level of p-glucan intake.

The metabolic regulatory effects of oats are attributable to
their high contents of antioxidants, phenolic compounds, and
B-glucan. While whole-grain oats reduced low density lipopro-
tein-cholesterol (LDL-C) and total cholesterol (TC) with no
apparent effects on high density lipoprotein-cholesterol
(HDL-C)," oat-derived p-glucan has been shown to increase
HDL-C and improve LDL-C among overweight individuals.'*
Daily consumption of at least 3 g of oat p-glucan per day
reduced TC and LDL in normo- and hypercholesterolaemic
individuals.’® The mechanism by which oat f-glucan mediates
cholesterol-lowering effects is through the action of forming a
viscous layer in the small intestine, thereby inhibiting the
intestinal uptake of dietary cholesterol and reabsorption of
bile acids.'® The inhibition of bile reabsorption therefore
enhances the synthesis of bile acids from cholesterol and
minimizes the circulating LDL-C level.'® Oat-based interven-
tions enriched with p-glucan, such as those reported by
Saltzman et al. (2001) and Maki et al. (2010), were effective in
reducing systolic blood pressure (SBP) and waist circumference
(WC), respectively, in parallel to the significant body fat
reduction.””'® In overweight individuals, Beck et al. (2010)
observed reductions in HDL-C, body weight and WC with
higher B-glucan intake,'® while Charlton et al. (2012) reported
decreased SBP, body fat and body weight in hypercholesterole-
mic patients.”® In addition, longitudinal studies have demon-
strated the significant improvements in triglycerides (TG),
fasting blood glucose (FBG), body weight, and WC in MetS
patients,?"** highlighting the benefits of prolonged oat intake.

In another arm, tocotrienol has emerged as a trending
subject of scientific scrutiny, captivating researchers because
of its remarkable antioxidant properties that surpass those of
tocopherol. Tocotrienols differ from tocopherols in the pres-
ence of three unsaturated bonds. Human research using clini-
cal trial approaches indicated an improvement in HDL-C levels
with the provision of tocotrienol but not with TC, LDL-C or tri-
glyceride (TG) markers.>® The therapeutic outcome of tocotrie-
nol has been established; however, the extent to which the
therapeutic effects are commendable is still unclear.
Tocotrienol, an isolated compound, has been proven to be
effective in regulating MetS risk factors,”® but its synergistic
effect with oats has yet to be elucidated. Tocotrienol-based
interventions, such as those conducted by Magosso et al
(2013) and Heng et al. (2015), led to reductions in TG and dias-
tolic blood pressure (DBP) and increased HDL-C, though body
composition changes were minimal.>*** In non-alcoholic fatty
liver disease (NAFLD) patients, Pervez et al. (2018) reported
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improvements in TG, WC, and body mass index (BMI) with
§-tocotrienol supplementation,”® while Fatima et al (2023)
found reductions in BP, TG, and FBG alongside increased
HDL-C.”” These findings emphasized the individual potential
of oat and tocotrienol interventions, respectively, for managing
MetS.

Mounting evidence has demonstrated significant corre-
lation between MetS and worsening quality of life (QoL).>*7°
Typically, persistent MetS results in a decline in the mental
domain; however, this could be reversed through the remis-
sion of MetS.>" Further scrutinization of MetS components
revealed that hypertriglyceridemia and abdominal obesity were
associated with increased odds of having poor QoL.”*’ Given
that MetS has been closely linked to poor QoL, it is crucial to
explore its impact on alterations in self-perception of well-
being.’*** The effects of MetS on QoL have not been clearly
established, but the effects of MetS on obesity, diabetes and
hypertension are evident.

To the best of our knowledge, this is the first human clini-
cal trial aimed at evaluating the effects of tocotrienol-enriched
oats as a functional food in patients with MetS. Our primary
endpoint included the changes in metabolic parameters at the
baseline and after the intervention, while the secondary end-
point evaluated the changes in the nutritional status and
health-related QoL, as well as compliance and tolerability
towards the study regime. The compliancy of the subjects to
the supplement regime was determined through the sachet
count. Participants were considered “non-adherent” if they
failed to consume at least 80% of the prescribed intervention
regime, which is the common threshold in clinical practice.

Materials and methods
Trial design

This was a single-centre, double-blind, placebo-controlled
trial. Study recruitment and enrolment began in March 2022,
and was completed in July 2022. Subjects allocated to Group
TO (tocotrienol-enriched oats) or Group O (oats) were sup-
plemented from August 2022 onwards for 12 weeks.
Sociodemographic and medical background data were
retrieved from the medical database. The pre-existing medical
conditions of the subjects were assessed based on the medical
history and report as indicated in the patient’s electronic data-
base. Face-to-face interviews were conducted to gather all other
information, including lifestyle, physical activity, dietary recall
and anthropometric measurements. This trial adhered to the
CONSORT guidelines for reporting randomized controlled
trials.

Study population

Subjects in this clinical trial were recruited among patients
referred to the Universiti Sains Malaysia Bertam Medical
Centre. The inclusion criteria were those who were aged 18
years and older and met >3 out of 5 Third Report of the
National Cholesterol Education Program III (NCEP-ATP III)*

This journal is © The Royal Society of Chemistry 2025
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criteria for MetS. Individuals were excluded if they had liver,
kidney, or haematological disorders, had cancer or other endo-
crine disorders, had alcohol or drug abuse, had hormone re-
placement therapy, had used steroids, chemotherapy, immuno-
suppressants, or radiotherapy, or if they were pregnant women
or lactating mothers. Subjects who were taking antioxidant or
anti-inflammatory supplements were excluded from the study
(examples of antioxidants: vitamin C, vitamin E, grape seed
extract, garlic capsule and Ginkgo biloba and examples of anti-
inflammatory supplements: fish oil, curcumin extract, ginger
extract and Spirulina). All subjects continued the prescribed
medication. They were reminded not to alter their lifestyle and
exercise practice throughout the trial period.

Diagnostic criteria

The identification of MetS was abided by the NCEP-ATP III cri-
teria." The NCEP ATP-III report proposed the use of five criteria
for the diagnosis of MetS, including WC (>102 cm for males;
>88 c¢m for females); serum TG level (>1.69 mmol L™, or on
pharmacological treatment); serum HDL-C level (<1.13 mmol
L~" for males; <1.3 mmol L™" for females, or on pharmacologi-
cal treatment); BP (>130/85 mmHg, or on pharmacological
treatment) and FBG level (>5.6 mmol L™, or on pharmacologi-
cal treatment). Individuals meeting three out of these five cri-
teria were classified as having MetS (Table 1).

Randomisation and blinding

Randomization was conducted by a research statistician who
had no direct involvement with the current study. The random
allocation sequence was generated using a computer-generated
list of random numbers, with allocation concealed in sealed,
numbered envelopes. Simple randomization, with a 1:1:1
allocation ratio (TO: O : C), was applied.

We applied a double-blind approach treatment assignment
dedicated to Group TO (treatment group) and Group O
(placebo). Eight distinct blinding considerations were applied:
(1) subjects, (2) care providers, (3) data collectors, (4) trial
researchers, (5) laboratory technicians, (6) outcome assessors,
(7) outcome adjudicators, and (8) statisticians. Treatment
assignment was withheld from these groups until the com-
pletion of the trial. In order to evaluate the effects of the trial
regimen, the C group (control) did not receive any trial treat-

Table 1 Diagnostic criteria and definition of MetS

Clinical NCEP ATP-III
measure Any three of the following five features:
Dyslipidemia O TG >1.69 mmol L™, or on pharmacological

treatment
0O HDL-C (<1.13 mmol L™ for males; <1.3 mmol L™
for females), or on pharmacological treatment
0 >130/85 mmHg, or on pharmacological treatment
0 >5.6 mmol L™, or on pharmacological treatment
O WC (>102 cm for males; >88 cm for females)

Blood pressure
Plasma glucose
Central obesity

TG = triglyceride; HDL-C = high density lipoprotein-cholesterol; WC =
waist circumference.

This journal is © The Royal Society of Chemistry 2025
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ment, but served as a baseline for the currently used standard
medical care. Hence, only 6 distinct blinding considerations
(data collectors, trial researchers, laboratory technicians,
outcome assessors, outcome adjudicators, and statisticians)
were applied in the C group.

Intervention, placebo and control groups

Subjects in the Group TO and Group O received identical pro-
ducts in terms of appearance, taste, and packaging. Subjects
were assigned randomly to either one of the intervention
groups, namely, the Toco Oat (Group TO, 2 sachets, each
sachet containing 30 g of oats + 50 mg of tocotrienol), Oat
(Group O, 2 sachets, each sachet containing 30 g of oats), or
control (Group C, no intervention), for up to 12 weeks. The
tocotrienol-enriched oat was sponsored by Bioley Toco Oats™.
Both the TO and O groups were scheduled to the medical
center to receive and replenish the functional food at the base-
line, week 4 and week 8, respectively. Group C did not receive
any intervention treatment. The nutritional information for
both the Toco Oat and Oat groups are shown in Appendix 1.
All subjects continued their prescribed medication as usual.
Safety, tolerability, and compliance were assessed concurrently.
Subjects were reminded not to alter their habitual dietary
intake throughout the clinical trial period. All subjects were
instructed to maintain their pre-existing physical activity, life-
style and medications, if any, throughout the study (Fig. 1).

Study visits and measurements

Five levels of study visits were used in this trial: (1) recruit-
ment, screening, and informed consent; (2) randomization
and blinding; (3) enrolment; (4) follow-up; and (5) post-inter-
vention assessment. Fig. 2 illustrates the schematic diagram of
the trial administration.

Primary endpoint

The subjects’ outcome measures were assessed at two time
points: at the baseline and at the end of the intervention period
(post week 12). The primary aim of this study was to determine
the changes in the MetS diagnostic criteria. The evaluation of
primary outcomes included changes in serum TG (mmol L),
HDL-C (mmol L7'), FBG (mmol L7%), systolic/diastolic BP
(mmHg), and WC (cm). All biochemical parameters were tested
in the routine clinical laboratory in the medical centre. A bio-
chemical analyser, the DXC AU700 Clinical Chemistry Analyser
(Beckman Coulter, USA), was used to quantify all biochemical
parameters. The intra-assay coefficients of variation (CVs) for
uric acid, triglycerides, total protein, and glucose were 1.19%,
1.09%, 0.71%, and 0.83%, respectively, while the inter-assay
CVs were 1.49%, 1.71%, 1.80%, and 2.25%, respectively. These
values demonstrate the acceptable precision and reliability of
the biochemical measurements.

Secondary endpoint

Nutritional status and body composition. The weight para-
meter was measured using a body impedance analysis (BIA)
body fat analyser (OMRON HBF-375 Karada Scan, Japan). BIA

Food Funct., 2025, 16,1847-1863 | 1849
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Fig. 1 Flowchart of the trial.

is a cost-effective and non-invasive alternative to dual-energy
X-ray absorptiometry (DXA), the gold standard for body compo-
sition assessment.>* However, BIA may underestimate body fat
percentage, especially in overweight and obese individuals,
and its performance can vary based on age, sex, and health
status.’*™® In the current study, the device was considered
precise with the intra-unit coefficients of variation (CVs) of
5.6% (body fat), 2.3% (skeletal muscle mass) and 0.2% (visc-
eral fat). Subjects were reminded to refrain from eating or
engaging in strenuous exercise before the measurements. They
were instructed to dress lightly, be under well-hydrated circum-
stances, empty bladders and remove all personal belongings
that could significantly affect their weight. The body compo-
sition measurements included BMI, trunk measurements
(waist and hip circumferences) and limb measurements (mid-
upper arm and calf circumferences). The measurements were
recorded in centimetres (cm) to the nearest 0.1 cm using a
standard anthropometric measuring tape (SECA 201, China).
Prior to the measurements, all anthropometric instruments

1850 | Food Funct, 2025, 16, 1847-1863

were calibrated to ensure the reproducibility of the anthropo-
metric readings. All measurements were taken thrice based on
the standard techniques. BMI was calculated as kg m™> and
classified into four categories: underweight (<18.5 kg m™>),
normal (18.5-24.9 kg m~?), overweight (25.0-29.9 kg m™>), and
obese (>30 kg m™>).*°

Dietary intake. Dietary assessment was conducted at the
baseline and at the end of the study to determine the changes
of dietary intake. Nutritional intake was compared at the base-
line and after 12 weeks of intervention using the Dietary
History Questionnaire (DHQ)."® The DHQ was precoded and
formatted, where detailed instructions and guidelines for the
interviewers were included using non-leading and open-ended
questions. The nutrient composition data were analysed using
Nutritionist Pro™ software (version 7.9).

Quality of life. The EQ-E5 is a non-disease-specified generic
health status questionnaire comprising a descriptive system
(the index score) and a visual analogue scale (VAS). The
descriptive system was used to assess the health status in five

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 Schematic diagram of the trial administration.

dimensions: mobility, self-care, usual activities, pain/discom-
fort and anxiety/depression, with scores ranging from no pro-
blems (1) to extreme problems (5).*" The self-reported score
reflects an individual’s impression of their health status.*?
Thus, state 11111 reflects no problem in any dimension, while
state 55555 reflects extreme problems in all five dimensions.
The EQ-VAS is used for the self-assessment of health status,
spanning from the 0 “worst imaginable health state” to 100
“best imaginable health state”.

The country-specific value set is the prerequisite criterion
for calculating health utility based on responses to the EQ-5D
instruments. The Malaysian EQ-5D value set was utilized to
compute values for all health states, ranging from —0.442 to
1.** The initial version of the tool had a value ranging from 0
to 1, where 0 represents death and 1 denotes total health. The
EQ-5D-5L is a standardized protocol comprising 5 levels (5L)
of answers. It is more preferred than 3-level answers
(EQ-5D-3L), as the latter type suffers from substantial variation
in elicitation methods.*> The Malay version of the EQ-5D-5L
was obtained from EuroQol (https:/www.euroqol.org), and the
implementation of the EQ-E5-5L (Malay version) was registered
with EuroQol for research purposes.

Ethical clearance. The present study was conducted in
accordance with the guidelines laid down in the Declaration of
Helsinki, and the protocol involving human subjects has been
approved by the Human Research Ethics Committee of
Universiti Sains Malaysia (JEPeM) (code no: USM/JEPeM/
22020101). This clinical trial has been registered in the clinical
trial registry (ClinicalTrials.gov) with the registration ID
NCT05604300. All patients signed an informed consent form
prior participation.

This journal is © The Royal Society of Chemistry 2025

Statistical analysis. All statistical analyses were implemented
using version 27.0 of the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL) software. Normality was checked by
using the Shapiro-Wilk test and by inspecting the scatterplots.
The results are presented as the mean + standard deviation or
as the median (interquartile range). A paired ttest and
McNemar’s test, as appropriate, were used to assess the
changes from the baseline to post-intervention within the
same intervention group. We analysed the primary and sec-
ondary outcome measures by means of general linear model
repeated-measures ANOVAs, with the three groups as between-
subject factors and the two evaluations (baseline and post-
intervention) as within-subject factors.

Results
Baseline characteristics

Out of 118 screened patients, 81 fulfilled the inclusion and
exclusion criteria. All recruited subjects completed the trial.
The study adherence rate was 91%, indicating that in overall,
all subjects consumed 91% of the prescribed sachets. The
baseline characteristics of the subjects are shown in Table 2.
The median age was 61 years (36-78 years), and 53.1% of
them were male. We did not find any significant difference
with respect to the baseline characteristics among the three
groups. In terms of tolerability, no serious adverse event was
reported, and the side effects were mild. 3 subjects (3.7%) in
the TO group and 2 subjects (2.5%) in the O group reported
having bloated episodes during the early supplementation
period.

Food Funct, 2025, 16, 1847-1863 | 1851
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Characteristics Total (n = 81) Tocotrienol-enriched oat (TO) (n = 27) Oat (0) (n=27) Control (C) (n =27) P
Age (years) 59.3+9.4 57.0+9.3 61.8+6.6 59.1 +11.2 0.162
Age group 0.242
<60 years old 34 (42.0) 14 (51.9) 8 (29.6) 12 (44.4)
>60 years old 47 (58.0) 13 (48.1) 19 (70.4) 15 (55.6)
Gender 0.952
Male 43 (53.1) 15 (55.6) 14 (51.9) 14 (51.9)
Female 38 (46.9) 12 (44.4) 13 (48.1) 13 (48.1)
Race 0.402
Malay 76 (93.9) 26 (96.3) 25 (92.6) 25 (92.6)
Indian 4 (4.9) 0 (0.0) 2 (7.4) 2 (7.4)
Chinese 1(1.2) 1(3.7) 0 (0.0) 0 (0.0)
Education attainment 0.317
Primary 5(6.2) 3(11.1) 1(3.8) 1(3.7)
Secondary 47 (58.0) 15 (55.6) 13 (48.1) 19 (70.4)
Tertiary 29 (35.8) 9(33.3) 13 (48.1) 7 (25.9)
Physical activity
Yes 45 (55.6) 19 (70.4) 14 (51.9) 12 (44.4) 0.142
No 36 (44.4) 8 (29.6) 13 (48.1) 15 (55.6)
Smoking
Yes 9 (11.1) 3(11.1) 1(3.7) 5 (18.5) 0.223
No 72 (88.9) 24 (88.9) 26 (96.3) 22 (81.5)
Medication prescription
Antidiabetic 69 (85.2) 24 (88.9) 23 (85.2) 22 (81.5) 0.746
Antihypertensive 66 (81.5) 21(77.8) 27 (100.0) 26 (96.3) 0.008
Hyperlipidemic 66 (81.5) 22 (81.5) 22 (81.5) 22 (81.5) 1.000
Metabolic profile
WC (cm) 100.8 + 11.4 102.0 + 9.1 98.7 +13.3 101.6 + 11.6 0.514
SBP (mmHg) 140.9 £17.1 148.7 £ 19.7 147.1 £17.9 140.9 +17.1 0.252
DBP (mmHg) 81.2 £9.7 82.9+9.8 80.4 +10.1 80.2+9.3 0.507
HDL-C (mmol L_l) 1.3+0.3 1.3+0.3 1.3+0.3 1.3+0.3 0.698
TG (mmol L) 1.6+0.3 1.7+0.8 1.6 +0.9 1.5+0.4 0.575
FBG (mmol L_l) 7.3+23 7.4+24 7.5+3.0 7.0+1.3 0.761
Nutritional assessment
Height (cm) 158.9 £9.7 158.6 +12.7 159.2 £ 9.2 158.9 £9.7 0.977
Weight (kg) 75.4 + 14.0 77.5+11.4 73.4+15.1 75.2 +15.5 0.574
BMI (kg m—z) 30.0+6.8 31.6+9.6 28.8+4.4 29.6 +5.2 0.305
Waist-hip ratio 0.94+0.1 0.95+0.1 0.92+0.1 0.96 + 0.1 0.073
MUAC (cm) 32472 31.8+3.8 33.8+11.4 31.7+ 3.8 0.494
CC (cm) 37.1+4.5 38.5+3.1 36.3+4.2 36.5+5.5 0.129
Body composition
Body fat (%) 349+5.5 34.7+59 35.2+6.0 34.8+4.8 0.927
Muscle mass (%) 24.3+3.2 25.0+3.4 23.7+3.5 24.2 + 2.5 0.315
Visceral fat (%) 16.2 + 6.3 16.6 + 5.4 15.9 6.5 16.0 + 7.1 0.919
Hand grip strength (kg) 22.5£9.7 23.9+£9.0 21.6 £11.1 22.1+8.9 0.656

Results are presented as mean + SD or 1 (%). WC = waist circumference; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL-C =

high density lipoprotein-cholesterol; TG = triglyceride; FBG = fasting blood glucose; MUAC =

circumference.

Prevalence and remission of MetS

The prevalence of MetS according to the diagnostic criteria is
summarized in Table 3. Following the 12-week intervention,
significant improvement in the prevalence of MetS was evident
in the TO (—29.6%) and O (—14.8%) groups, respectively. MetS
is considered to have remitted when, according to the NCEP
ATP-III, only up to two of the components were present upon
the second assessment.** The remission rate of Mets in the TO
group was approximately twice that of the C group (37.0% vs.
18.5%). Specifically, the remission of MetS in the TO recipients
increased five-fold after the intervention (7.4% to 37.0%),
while in the O group, it increased from 18.5% to 33.3%. No
remission was observed in the C group, with its rate remaining
at 18.5%.
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mid-upper arm circumference; CC = calf

Mean changes in MetS components

The estimated mean changes (pre- and post-measures) for
MetS components of the three groups are depicted in Fig. 3.
All MetS components showed significant improvements (p <
0.05), except for WC. Overall, the TO and O groups demon-
strated decreasing trends in the BP, FBG, and TG levels (p <
0.05) and an increasing trend in the HDL-C levels (p < 0.05).
Conversely, the C group exhibited contradictory trends.

Changes in metabolic parameters

Further exploration revealed significant TO intervention effects
on SBP (F = 4.017, p < 0.05, #* = 0.096), DBP (F = 6.329, p <
0.01, > = 0.143), FBG (F = 5.961, p < 0.01, 1> = 0.136), HDL-C
(F = 5.961, p < 0.05, 4> = 0.085), and TG (F = 5.380, p < 0.01,

This journal is © The Royal Society of Chemistry 2025
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Table 3 Comparison of the prevalence of each component of MetS at the baseline and at the end of the intervention

Group TO (n = 27) Group O (n=27) Group C (n=27)
Metabolic characteristics Pre Post Pre Post Pre Post
Overall prevalence 25 (92.6) 17 (63.0) 22 (81.5) 18 (66.7) 22 (81.5) 22 (81.5)
Abdominal obesity 24 (88.9) 25 (92.6) 25 (92.6) 24 (88.9) 26 (96.3) 27 (100.0)
Elevated TG 9(33.3) 7 (25.9) 7 (25.9) 6(22.2) 9(33.3) 10 (37.0)
Reduced HDL-C 10 (37.0) 6(22.2) 7 (25.9) 9(33.3) 10 (37.0) 8 (29.6)
Elevated FBG 19 (70.4) 18 (66.7) 21 (77.8) 21 (77.8) 23 (85.2) 23 (85.2)
Elevated SBP 21 (77.8) 15 (55.6) 22 (81.5) 19 (70.4) 19 (70.4) 19 (70.4)
Elevated DBP 13 (48.1) 5 (18.5) 10 (37.0) 7(25.9) 9(33.3) 11 (40.7)
Remission rate (%) (pre vs. post) 7.4vs. 37.0 18.5vs. 33.0 18.5vs. 18.5

Results are shown as n (%). TG = triglyceride; HDL-C = high density lipoprotein; FBG = fasting blood glucose; SBP = systolic blood pressure; DBP

= diastolic blood pressure.
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Fig. 3 Mean changes in the MetS components. *Statistically significant difference: p < 0.05.

#* = 0.124) (Table 4). Post hoc analysis of pairwise differences
and planned contrasts revealed no significant differences in
SBP, DBP, or TG. Notably, significant differences in FBG were
detected, with TO recipients reporting a lower FBG level than
those in the C group after 12 weeks of supplementation (mean
difference: —1.339 mmol L™', p < 0.05). Similarly, the HDL-C
level was significantly greater in the TO group than in the C
group (mean difference: 0.326 mmol L™, p < 0.05), but no sig-
nificant differences were detected between the TO and O
groups, and between the O and C groups.

This journal is © The Royal Society of Chemistry 2025

Changes in the nutritional status

The dietary intake of energy, carbohydrate, protein, and fat, as
determined by DHQ did not differ between the three groups
(Table 5).

In terms of nutritional status, body fat percentage (F =
3.860, p < 0.05, #” = 0.093) and muscle mass percentage (F =
3.237, p < 0.05, i* = 0.045) exhibited significant intervention
effects (Table 6). Body fat percentage showed significant
reduction among those receiving TO (—0.7%) and showed an
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Table 4 Changes in the metabolic parameters
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Parameter Baseline Post intervention F P Partial ETA squared, 7
WC (cm) 0.310 0.734 0.008
Group TO 101.6 (2.2) 101.3 (2.1)
Group O 99.1 (2.2) 98.5 (2.1)
Group C 101.7 (2.17) 101.8 (2.1)
SBP (mmHg) 4.017 0.022* 0.096
Group TO 150.6 (3.3) 142.8 (3.0)
Group O 145.1 (3.3) 139.3 (3.0)
Group C 141.0 (3.3) 143.3 (2.9)
DBP (mmHg) 6.329 0.003** 0.143
Group TO 83.0 (1.8) 77.808 (1.8)
Group O 80.4 (1.8) 79.970 (1.8)
Group C 80.1 (1.8) 81.519 (1.8)
HDL-C (mmol L) 5.96 0.034*" 0.085
Group TO 1.3 (0.1) 1.6 (0.092)
Group O 1.3 (0.1) 1.40 (0.092)
Group C 1.3 (0.1) 1.3 (0.091)
TG (mmol L) 5.380 0.007** 0.124
Group TO 1.7 (0.140) 1.4 (0.126)
Group O 1.6 (0.140) 1.6 (0.140)
Group C 1.5 (0.138) 1.7 (0.124)
FBG (mmol L™} 5.961 0.004**" 0.136
Group TO 7.3 (0.5) 6.7 (0.438)
Group O 7.5 (0.5) 7.0 (0.439)
Group C 7.0 (0.5) 8.0 (0.433)

Data were adjusted for age, gender, medications, physical activity and energy intake. Results are expressed as mean (SEM). *p < 0.05; **p < 0.01.
“Indicates significant pairwise comparisons. WC = waist circumference; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL-C =
high density lipoprotein-cholesterol; TG = triglyceride; FBG = fasting blood glucose.

Table 5 Dietary intake changes at the baseline and after intervention

Characteristics Baseline Post intervention 4
Macronutrient
Energy (kcal d™")
Group TO 1464.7 £ 275.8 1529.2 + 266.2 0.060
Group O 1504.3 £278.4 1502.0 £ 294.9 0.928
Group C 1638.5 £ 369.5 1628.8 £ 372.3 0.778
Protein (g)
Group TO 61.8 +16.5 66.7 +13.8 0.219
Group O 65.8 +13.8 63.0 +13.8 0.445
Group C 66.9 +16.8 69.0 +23.3 0.622
Carbohydrate (g)
Group TO 200.3 £42.1 2009.7 £ 52.2 0.250
Group O 205.5 = 29.0 217.1 £ 50.5 0.142
Group C 236.5 £ 62.9 233.5+63.1 0.757
Fat (g)
Group TO 46.3 £15.9 47.3 £11.8 0.778
Group O 46.5 +12.4 42.7 £13.7 0.175
Group C 47.3 +18.7 46.6 +£18.2 0.877

Results are shown as mean + SD.

increase in muscle mass (+0.3%), while the C group showed a
paradoxical trend. However, further post hoc analysis did not
reveal any significant pairwise mean differences between any
pair of groups.

Changes in quality of life

Overall, 11% of the subjects had satisfactory health-related
QoL (coded as 11111 for all five dimensions). The McNemar
test showed that none of the dimensions within the group had
significant paired categorical data (baseline vs. post-treat-
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ment). Subjects reported having the least problems in self-care
(28.3%), and the dimensions of pain and discomfort were
highly reported among the subjects (76.5%) (Table 7).

The subjects had an overall mean EQ-5D index or utility
score of 0.786 and a mean EQ-VAS score of 83.76 at the
baseline. The highest EQ-5D index score of 1 was reported
at 11%, whereas the highest and lowest EQ-VAS scores were
92 and 50, respectively. Table 8 shows that both the TO and
O groups reported significant improvements in the EQ-5D
utility score and VAS score, while the scores were signifi-
cantly lowered in the C group at the end of the intervention
(p < 0.05).

GLM-ANOVA revealed that there were significant interven-
tion effects on the EQ-5D utility score (F = 3.371, p < 0.05, ° =
0.082) and the VAS score (F = 19.521, p < 0.01, 1> = 0.342), indi-
cating that the effectiveness of the interventions varied across
the three treatment groups over time. Post hoc tests revealed
significant differences between the treatment groups post-
intervention, with the TO group showing a greater improve-
ment than the C group (mean difference = 5.251, p < 0.05) and
the O group showing a greater improvement than the C group
(mean difference = 4.132, p < 0.05).

Discussions
Metabolic parameters

This was the first randomized, double-blind, placebo-con-
trolled trial to investigate the functional capability of tocotrie-
nol-enriched oat consumption for 12 weeks to affect the meta-

This journal is © The Royal Society of Chemistry 2025
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Table 6 Mean changes in the nutritional status
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Parameter Baseline Post intervention F P Partial ETA squared, 7
Body mass index (kg m™?) 1.567 0.216 0.040
Group TO 31.3 (1.3) 31.3 (1.4)
Group O 29.1 (1.3) 29.5 (1.4)
Group C 29.6 (1.3) 29.7 (1.4)
Calf circumference (cm) 6.973 0.200 0.157
Group TO 38.1(0.8) 36.035 (0.9)
Group O 36.7 (0.8) 37.115 (0.9)
Group C 36.5 (0.8) 36.869 (0.9)
Upper arm circumference (cm) 1.006 0.370 0.026
Group TO 31.9 (1.4) 31.6 (2.5)
Group O 33.7 (1.4) 33.5(2.5)
Group C 31.6 (1.4) 34.7 (2.5)
Hip circumference (cm)
Group TO 107.5 (1.8) 106.0 (2.0) 1.406 0.252 0.036
Group O 107.5 (1.8) 106.5 (2.0)
Group C 105.7 (1.8) 105.4 (1.9)
Waist to hip ratio 0.479 0.621 0.013
Group TO 0.9 (0.0) 1.0 (0.0)
Group O 0.9 (0.0) 0.9 (0.0)
Group C 1.0 (0.0) 1.0 (0.0)
Body composition analysis
Body fat (%) 3.860 0.025* 0.093
Group TO 35.1(0.8) 34.4(0.7)
Group O 34.9(0.8) 34.8(0.7)
Group C 34.7 (0.7) 35.5(0.7)
Muscle mass (%) 3.237 0.045* 0.079
Group TO 24.7 (0.3) 25.0 (0.3)
Group O 24.0 (0.3) 24.5 (0.3)
Group C 24.3 (0.3) 24.0 (0.3)
Visceral fat 1.052 0.354 0.027
Group TO 16.4 (1.13) 16.5 (1.2)
Group O 16.0 (1.13) 16.8 (1.2)
Group C 16.1 (1.11) 16.6 (1.2)
Hand grip strength (kg) 1.276 0.285 0.033
Group TO 23.1(1.2) 23.7 (1.2)
Group O 22.2 (1.2) 23.8(1.2)
Group C 22.2 (1.2) 21.9 (1.2)

Data were adjusted for age, gender, medications, physical activity and energy intake. Results are expressed as mean (SEM). *p < 0.05.

Table 7 Quality of life changes according to the treatment groups

Group TO Group O Group C
Baseline Post intervention Baseline Post intervention Baseline Post intervention
Dimension N (%) N (%) N (%) N (%) N (%) N (%)
Mobility
No problem 4 (51.9) 14 (51 9) 8 (29.6) 9 (33 3) 10 (37.0) 10 (37.0)
Slight to severe problem 3(48.1) 13 (48.1) 19 (70.4) 18 (66.7) 17 (63.0) 17 (63.0)
Self-care
No problem 19 (70.4) 22 (81.5) 20 (74.1) 2 (81.5) 19 (70.4) 23 (85.2)
Slight to severe problem 8(29.6) 5 (18.5) 7 (25.9) 5 (18.5) 8(29.6) 4(14.8)
Usual activities
No problem 12 (44.4) 14 (51.9) 7 (25.9) 6 (22.2) 10 (37.0) 8 (29.6)
Slight to severe problem 5 (55.6) 13 (48.1) 20 (74.1) 21 (77.8) 17 (63.0) 19 (70.4)
Pain/discomfort
No problem 7 (25.9) 1 (40.7) 5 (18.5) 7 (25.9) 7 (25.9) 7 (25.9)
Slight problem 20 (74.1) 16 (59.3) 22 (81.5) 20 (74.1) 20 (74.1) 20 (74.1)
Anxiety/depression
No problem 14 (51.9) 16 (59.3) 13 (48.1) 17 (63.0) 9(33.3) 9(33.3)
Slight problem 13 (48.1) 1(40.7) 14 (51.9) 10 (37.0) 18 (66.7) 18 (66.7)

Results are presented as n (%).

This journal is © The Royal Society of Chemistry 2025
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Table 8 Evaluation of the utility score and VAS
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Parameter Baseline Post intervention Mean change t-Statistics )4

EQ-5D health utility
Group TO 0.81+£0.14 0.85+0.13 0.040 4.167 <0.0001*
Group O 0.77 £ 0.13 0.80 + 0.12 0.035 3.828 <0.0001*
Group C 0.78 £0.13 0.78 £0.13 0.000 0.030 0.976

VAS score
Group TO 73.81 £9.84 79.89+7.3 6.074 5.719 <0.0001*
Group O 72.26 + 8.98 76.67 £7.13 4.407 5.894 <0.0001*
Group C 74.67 +7.77 73.70 +£7.50 —0.963 -1.701 0.101

Results are expressed as mean + SD. A paired ¢-test was used. Cohen’s d was used to estimate the effect size. *Significant difference at p < 0.0001.

bolic profile, nutritional status and QoL among individuals
with MetS. Given the significant MetS complications within
the population, there is a need to frame the evidence-based
strategies for safe secondary prevention. Trial adherence was
satisfactory, with minimal gastrointestinal complaints. There
were no severe adverse events, and the side effects were
minimal and transient. In this study, the remission rate of
MetS in the subjects receiving TO was approximately twice that
in the C group. We hereby suggest that the provision of toco-
trienol-enriched oats improved MetS parameters, including
BP, TG, HDL-C, and FBG levels.

The administration of 100 mg d~" tocotrienol incorporated
into oats for 12 weeks reduced FBG by 4.5% among individuals
with MetS. A 15.4% reduction in FBG was reported among
individuals supplemented with tocotrienol-enriched canola oil
for 8 weeks.”> Differences in glucose concentrations at the
baseline may be a determinant of the response to tocotrienol
supplementation and the rate of FBG reduction.*” The hypo-
glycemic effect of tocotrienol is more likely to be observed in
individuals with higher FBG concentrations or poorer glycemic
indices at the baseline. The subjects in our study exhibited
lower and more controlled baseline FBG levels than those in
previously reported studies,*> which partly explains the modest
improvement in FBG after the intervention. The mechanism
underlying the effect of tocotrienol on glycemic control is still
unclear. The most frequently discussed pathway is the anti-oxi-
dative action of tocotrienol, which protects pancreatic beta
cells from oxidative damage, primarily attributed to its insuli-
notropic*® and insulin-sensitizing activities.*” Although both
animal and human studies reported an improvement in
glucose homeostasis following tocotrienol supplementation,*®
other studies have reported contradicting results.*>* We postu-
late that such discrepancy could be due to the variations in
tocotrienol dosage, the administration of different potent
isomers, and the duration of the intervention period. According
to Chia et al. (2016), T3 isoforms, such as a-T3, y-T3, and &-T3,
exhibit insulinotropic effects, with §-T3 being the most potent,
followed by y-T3 and o-T3.>" Moreover, the effective dose
required for optimal effects remains uncertain. One preliminary
study revealed that tocotrienol dosage from 100 mg d™' to
960 mg d " was useful for cardiovascular protection.>>

Glucose-lowering effects were also observed among the sub-
jects receiving oat supplementation, and with the addition of

1856 | Food Funct, 2025, 16, 1847-1863

tocotrienol, the FBG was further reduced by 0.5% (4.5%) com-
pared to the subjects receiving oats alone (4.0%). Few human
trials and animal studies have reported improvement in the
FBG level with the intake of oats;*** however, few randomized
controlled trials corroborated these findings.>*>’
sumption of greater doses of p-glucan or smaller doses of
f-glucan for longer periods of time may produce better
results.**5° In another clinical trial, a 12-week administration
of 3.0 g of f-glucan per person resulted in a reduction in glyce-
mia®” compared to that in the control group, with similar
dosages for 4 weeks®® or 3.5 g per person per d for 8 weeks®
being deemed ineffective. These findings suggest that a longer
duration of intervention involving the use of oats as an active
treatment for more than 8 weeks is suggested to improve the
glycemic marker levels.

We highlight the significant reductions in SBP and DBP in
the TO group compared to those in the O and C groups.
Studies have described a contradictory pattern of systolic and
diastolic patterns following supplementation with tocotrienol.
In 2022, Li and colleagues inferred that the administration of
tocotrienol resulted in significant reduction in SBP, but no dis-
cernible improvement in DBP.®® Our data revealed an improve-
ment in overall BP among those who received tocotrienol-
enriched oats or oats alone, further corroborating the earlier
studies.***>°" The mechanism through which tocotrienol
enhances nitric oxide (NO) production has been identified as a
pivotal pathway. Tocotrienol exerts its influence by bolstering
the activity of NO synthase, thereby augmenting the pro-
duction of NO. NO is a vasodilator that facilitates blood vessel
relaxation and dilation, directly enhances blood circulation
and reduces resistance to BP.*?

This study revealed a significant 3.9% reduction in SBP in
subjects receiving oats, while no effects on DBP were reported,
corroborating a recent meta-analysis.®> However, few other
studies have reported contradictory results.®>*> Subgroup ana-
lyses of baseline SBP showed that oat consumption signifi-
cantly reduced SBP in patients with hypertension or in the pre-
hypertensive state, indicating that prominent antihypertensive
effects might be dependent on the baseline BP levels.®>*® Oat
f-glucan is fermented by the gut microbiota to increase the
production of short-chain fatty acids (SCFAs). SCFAs are the
main elements involved in BP reduction, primarily by activat-
ing transmembrane G protein-coupled receptors and inhibit-

The con-

This journal is © The Royal Society of Chemistry 2025
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ing histone acetylation.®” Additionally, oat f-glucan favourably
modulates the gut microbiota by selectively promoting the
growth of Bifidobacterium and Lactobacillus spp., which further
help regulate BP levels.®®

The addition of tocotrienol to oats further amplified the
beneficial impact on HDL-C by 34.1%, and reduced TG by
7.1%. An increase in HDL-C and a decrease in TG in patients
receiving tocotrienol supplements have been consistently
reported previously,””* and an increase in HDL-C was more
apparent in patients receiving tocotrienol dosages >200 mg
d™".?® The effect of tocotrienol on cholesterolemia may be
attributed to a possible increase in the concentration of
ApoA1, the major protein component of HDL-C particles.®
Heng and colleagues reported an increase in the expression of
ApoA1l and the ApoE precursor and downregulation of the
C-reactive protein (CRP) among individuals receiving tocotrie-
nol.”° The finding implied that tocotrienol not only has a ben-
eficial effect on plasma tocotrienol, but also modulates the
expression of proteins that are beneficial against atherosclero-
sis. Mechanistically, tocotrienol downregulates the uptake of
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
and suppresses the production of mevalonate, the precursor
molecule in the cholesterol biosynthesis pathway.®> The com-
bined action limits the synthesis of cholesterol,”* further inhi-
biting cholesterol absorption in the intestine.”

Oat supplementation alone increased the HDL-C concen-
tration (+3.0%), while no significant change was observed in
the TG level. The beneficial effects of oats in reducing LDL-C
and TC have been widely reported and supported by a few
meta-analyses. However, little effect was observed on TG,
HDL-C and major cardiovascular events among dyslipidaemia
patients.”> A previous study demonstrated that a hypocaloric
diet supplemented with 6 g of p-glucan leads to a significant
increase in HDL-C and a decrease in LDL-C."* Oats improve
lipoprotein profiles by lowering fatty acid synthase (FAS), gly-
cerol-3-phosphate acyltransferase (GPAT) and HMG CoA
reductase, while promoting the expression of peroxisome pro-
liferator-activated receptor alpha (PPARa), carnitine palmitoyl-
transferase-1 (CPT-1) and AMP-activated protein kinase
(AMPK).”* Oats increase hepatic LDL receptor (LDLR) activity,
which is accountable for eliminating LDL-C from the blood-
stream and is thus beneficial for lipid clearance.

Nutritional status and body composition

We did not find the beneficial effects of tocotrienol-enriched
oat supplementation in terms of weight changes, BMI, or
other anthropometric indicators, aligned with previous
studies.?>”>”® Similarly, daily consumption of oats did not
influence the weight changes among overweight and diabetic
individuals.’®?**® Earlier studies have reported significant
reductions in weight, waist circumference, and BMI after oat
consumption;'®>*”” however, the outcome was primarily due
to calorie deficit regimes.

Intriguingly, we demonstrated significant reduction in body
fat percentage in the TO group compared to the O and C

groups, which was also observed in animal studies.”®®°

This journal is © The Royal Society of Chemistry 2025
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Tocotrienol is involved in the downregulation of PPARy, the
key mediator of lipogenesis,®" and increases insulin sensitivity
and repartitions lipids from fat storage (adipose tissue), poten-
tially reducing fat accumulation.®” The anti-adipogenic effects
of tocotrienol depend on its homologues, with y-tocotrienol
exhibiting greater inhibitory effects on adipogenesis than
a-tocotrienol.®® Tocotrienol, along with retinoids and caroten-
oids (ligands of retinoic acid X-receptor), is involved in the
early stage of differentiation in 3T3-L1 preadipocytes,®
suggesting that tocotrienols might suppress adipogenesis in
preadipocytes but not adipocytes.®* The O group did not
exhibit significant reduction in body fat percentage after 12
weeks of intervention, which was corroborated with previous
studies.”” Maki and co-workers (2010) reported a significant
reduction in abdomen fat among those receiving oat sup-
plementation and was compounded with energy restriction
(~500 kcal d™*).*8

This study contributes valuable insights into the effects of
tocotrienol-enriched oats in enhancing skeletal muscle mass.
Our intervention agent included slightly lower dosages of toco-
trienol (100 mg d™) and B-glucan (3.6 g d™'). We postulate
that the therapeutic effects of both tocotrienol and p-glucan
may help to confirm these results. To date, limited studies
have investigated the role of tocotrienol in skeletal muscle
health, with most reports focusing on the provision of toco-
pherol among sarcopenic elderly individuals® and reversing
muscle damage.?>®” Under the pretext of adequate vitamin E
levels, skeletal muscle mass may survive even with a massive
production of reactive oxygen species (ROS) during muscle
contraction due to its ability to repair the myoblast mem-
brane.®® This action is attributable to its natural lipid-soluble
properties, which facilitate its entry to the hydrophobic core of
the plasma membrane.

The evidence of oats and whole grains in improving skeletal
muscle function among humans is limited. An observational
study reported that adults who adopted a healthy diet rich in
whole grains experienced improved muscle function, increased
muscle mass and a reduced rate of sarcopenia.®® Oat p-glucan
inhibits the activity of creatine kinase and lactate dehydrogen-
ase in serum, while increasing the glycogen content in the
muscles, indicating the facilitation of recovery from fatigue.”
Although studies have reported a potential role of oats in
muscle recovery, the mechanism by which oat p-glucan
enhances skeletal muscle mass remains unknown and there-
fore requires further investigation.

Health-related quality of life

Pain and discomfort (PD) was frequently reported among MetS
subjects. A study in Thailand revealed that more than half of
the T2DM patients experienced issues with PD.”" Similarly, a
study in China revealed a strong association between reduced
index health utility scores and problems in PD among T2DM
patients.”” In Singapore, a multi-ethnic study revealed that
individuals of all races reported high levels of problems with
physical dimension.?® Previous study has reported the impact
of MetS on HR-QoL,”* while other did not find significant cor-
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Parameter Baseline Post intervention F P Partial ETA squared, 7
EQ5D utility score 3.371 0.040* 0.082

Group TO 0.78 + 0.02 0.83 + 0.02

Group O 0.80 + 0.02 0.83 £ 0.02

Group C 0.78 + 0.02 0.78 + 0.02
VAS score 19.521 <0.001** 0.342

Group TO 72.85 +1.52 78.88 £ 1.16

Group O 73.30 £1.52 77.76 +1.16

Group C 74.59 +1.49 73.63 +1.14

Data were adjusted for age, gender, medications, physical activity and energy intake. Results are expressed as mean + SD. *Significant at p < 0.05;

**significant at p < 0.001.

relation.”” The disparity of the tools used in assessing HR-QoL
and the various diagnostic criteria employed in identifying
populations with MetS remain the major challenge in drawing
such conclusions.

Health utility represents an individual’s affinity for a given
health state. A self-rated negative value of health utility is poss-
ible, suggesting that a health state is perceived as being worse
than death.’® This study revealed a significant improvement in
health utility with the consumption of TO, while control sub-
jects showed worse health utility over time. The health utility
of MetS has not been widely reported, but instead, emphasis
has mostly been placed on its impact on comorbidities such as
T2DM and cardiovascular disease and hypertension.’>°® We
established a health utility value of 0.79 among individuals
with MetS; 11% of the subjects had a full score, with the PD
dimension being the most frequently reported problem. Both
the TO and O interventions improved health utility and VAS
scores, indicating that receiving supplements had a greater
influence on HR-QoL. It is anticipated that people undergoing
any health treatment will have an influence on their psycho-
logical perception and effects on their mental state.

To the best of our knowledge, this is the first human clini-
cal trial to investigate the functionality of the combination of
tocotrienol and oat consumption to ameliorate MetS. The
strength of our study lies in its rigorous methodology, incor-
porating a double-blind randomized controlled design to
ensure the robustness and reliability of the findings. Regular
monthly follow-up allowed close monitoring of supplement
adherence. We reported a high compliance rate towards the
trial regime - 91%, illustrating the regulatory effects of the
treatment given. We acknowledge the small sample size of this
preliminary study, hence a larger study with a multi-centre
design is suggested. In addition, a balanced proportion of
patients with multiple ethnicities should be used to discern
the possibility of racial disparity. We acknowledge the disad-
vantages of BIA in measuring body composition. In future, the
use of DXA is highly recommended for precise clinical moni-
toring in overweight and obese populations. A single-time-
point data collection may limit the ability to assess trends or
changes over a longer period. Future studies with more fre-
quent data collection points would provide more robust
insights into the temporal effects of the interventions on MetS.
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Conclusion

MetS complicates health by interrelation between obesity,
hypertension, insulin resistance, and dyslipidemia and a
cluster of risk factors for cardiovascular disease and T2DM.
The significant improvements observed in FBG, BP, HDL-C,
TG, muscle mass and body fat suggest that tocotrienol-incor-
porated oat supplementation could be a valuable complemen-
tary medicine therapy to manage MetS. These findings
support the notion that dietary interventions can play a crucial
role in the comprehensive management of MetS, offering a
safe and cost-effective strategy for secondary prevention.
Further research is warranted to elucidate the underlying
mechanisms and long-term effects of tocotrienol-enriched oat
supplementation as a functional food in individuals with
MetS.
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