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Abstract

Background: Tocotrienol, a naturally occurring form of vitamin E, has been extensively studied for its potent antioxidant,
anti-inflammatory, and immune-stimulating properties. However, the clinical impact of tocotrienol supplementation on older
adults’overall health and well-being remains relatively unexplored. This research aims to investigate the efficacy of tocotrienol-rich
fraction (TRF) on various health parameters associated with general well-being in individuals aged between 50 years and 75
years.

Objective: It is hypothesized that TRF supplementation may exhibit positive outcomes on blood biochemistry and several
physiological aspects, including lowered levels of oxidative stress and inflammation biomarkers; improvement in vascular age;
and enhancement of skin condition, bone mineral density, and cognitive function.

Methods: This randomized, double-blind, placebo-controlled trial was designed to investigate the effectiveness of TRF
supplementation on overall health in healthy older adults. The study aims to assess the impact of a daily dosage of 200 mg of
TRF over a period of 6 months. A total of 220 participants is enrolled in the study, with one-half receiving the placebo and the
other one-half receiving TRF supplementation. The study comprises 3 time points: baseline, 3 months, and 6 months. At each
time point, various measurements are taken to evaluate different aspects of health. The primary outcome measurements include
blood biochemistry assessments, such as liver function tests, renal profile, lipid profile, and full blood count. Oxidative stress
markers, including malondialdehyde, advanced glycation end products, protein carbonyl, and isoprostane, are also evaluated.
Immune response markers such as interleukin-6 and tumor necrosis factor-α are assessed. Satiety regulation is examined through
measurements of leptin and ghrelin. Body composition and skin health parameters, including wrinkling, pigmentation, elasticity,
hydration, and sebum secretion, are evaluated. Additionally, arterial stiffness is assessed using arteriography at baseline and 6
months. For secondary outcome measures, bone mineral density is measured using dual x-ray absorptiometry, and cognitive
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function is assessed using the Montreal Cognitive Assessment, Rey Auditory Verbal Learning Test, and digital span test. Both
bone mineral density and cognitive function are also measured at baseline and 6 months.

Results: The study is progressing as planned, with 209 participants recruited as of April 2025. The research was funded in 2019,
and data collection started in December 2020. Preliminary data analysis has been completed for the first 120 participants, and
final results are expected upon completion of data collection and unblinding in 2026.

Conclusions: By comprehensively evaluating these health aspects, this study seeks to provide valuable insights into the potential
benefits of tocotrienol supplementation for promoting the overall health and well-being of the aging population.

Trial Registration: National Medical Research Register (NMRR) NMRR-19-2972-51179; https://tinyurl.com/yy9yueer

International Registered Report Identifier (IRRID): DERR1-10.2196/73039

(JMIR Res Protoc 2025;14:e73039) doi: 10.2196/73039
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Introduction

Background
Aging is a progressive process characterized by the gradual loss
of tissue and organ function over time [1]. Two theories of aging
include the free radical theory of aging, which later evolved
into the oxidative stress theory of aging, and a theory based on
low-grade inflammation, or inflammaging, in older adults. The
oxidative stress theory of aging is based on the hypothesis that
age-related functional declines occur as a result of the
accumulation of oxidative damage to macromolecules such as
lipids, DNA, and proteins caused by reactive oxygen and
nitrogen species (RONS) buildup [2]. With advancing age, the
accumulation of RONS leads to post-transcriptional
modifications and oxidative damage, often contributed to by
elevated levels of oxidative stress biomarkers including
advanced glycation end products (AGEs), malondialdehyde
(MDA), protein carbonyl (PC), and F2-isoprostanes (F2-IsoPs)
[3]. In parallel, chronic low-grade inflammation has been linked
to the onset of age-related chronic diseases such as
cardiovascular disease, diabetes, and cancer [4]. In older adults,
there is often an imbalance between excessive free radicals and
low antioxidant levels, along with increased risk of chronic
inflammation due to elevated inflammatory cytokine production,
which may lead to disruption in normal cellular physiology
[5,6]. High levels of oxidative stress biomarkers and
inflammatory cytokines are associated with low cognitive
performance, osteoporosis, atherosclerotic characteristics, skin
conditions, and renal problems in older adults [7-9].

According to the Department of Statistics, Malaysia is officially
regarded as an aging nation, as individuals aged 65 years and
older were predicted to make up 7.7% of the population as of
2024 [10]. This indicates an urgent need to identify preventive,
nonpharmacological strategies for maintaining the health and
well-being of the older adult population. Introducing natural
adjuncts like tocotrienol-rich fraction (TRF) supplementation
may serve as a cost-effective and physiologically beneficial
approach to reducing the health care burden associated with
aging while potentially supporting healthy aging and improving
overall quality of life for older adults.

Tocotrienol is a naturally occurring vitamin E that is
predominantly found in palm oil [11]. It can be further

distinguished into 4 isomeric forms (α, β, γ, and δ), depending
on the location and number of methyl groups on the chromanol
ring. Tocotrienols, as opposed to tocopherols, have unsaturated
isoprenoid side chains with 3 double bonds, allowing for greater
cellular penetration and dispersion inside lipid membranes
[6,12]. This structural difference improves their antioxidant and
anti-inflammatory properties. Cumulative scientific evidence
has convincingly shown that tocotrienol possesses pronounced
antioxidative function by effectively neutralizing free radicals,
including RONS, which ultimately reduces oxidative stress
[11,13-22]. Tocotrienol also possesses anti-inflammatory
properties by ameliorating inflammatory markers that are
consistently associated with age-related chronic diseases and
disability [4], including interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-α), and C-reactive protein (CRP) [23-25].
IL-6 is a pleiotropic cytokine produced by the immune cells,
vascular endothelial cells, adipocytes, and skeletal muscle and
possesses both anti-inflammatory and pro-inflammatory
properties [26]. TNF-α, another cytokine, is mainly produced
by macrophages and other cell types in response to cell damage
[27], while CRP is an acute-phase protein produced by the liver
in response to elevated IL-6 and TNF-α levels [28-30]. These
properties render tocotrienol an attractive therapeutic candidate
for slowing down the aging process and thus potentially
extending the lifespan of older adults [11,13].

Moreover, tocotrienol also modulates inflammation by targeting
crucial transcription factors such as nuclear factor kappa B
(NF-κB), the signal transducer and activator of the
transcription-3 (STAT-3) pathway, and other cytokine regulators
integral to the inflammatory signaling cascade [12,13,22,31-33].
Tocotrienols have been shown to exhibit isoform-specific effects
on anti-inflammatory potency. For instance, several studies
have demonstrated that δ-tocotrienol exhibited the most potent
inhibitory effect on IL-6 and TNF-α production as compared
with other isoforms [24,34]. Another study has shown that
δ-tocotrienol inhibits TNF-α–induced NF-κB activation caused
by upregulation of the anti-inflammatory protein A20 [35]. In
addition, Muid et al [32] demonstrated that both δ- and
γ-tocotrienols have higher potency in inhibiting IL-6 production
and NF-κB activation than α- and β-tocotrienols in
lipopolysaccharide-stimulated human umbilical vein endothelial
cells. The NF-κB pathway inhibition induced by γ-tocotrienol
also contributes to downregulation of oncogenic gene
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expression, thus promoting tumor cell apoptosis, which is crucial
for suppressing tumor metastasis [36]. Moreover, combined
treatment with γ-tocotrienol and an epidermal growth factor
receptor inhibitor showed suppression in epidermal growth
factor–dependent STAT-3 signaling in mammary tumor cells
[37]. Collectively, these findings underscore the pivotal role of
tocotrienols in modulating inflammation through multifaceted
inhibition of key transcription factors, suppression of
pro-inflammatory cytokines, and regulation of signaling
pathways central to the inflammatory cascade. This positions
tocotrienols as promising agents for the prevention and
management of inflammation-driven diseases, including cancer
and chronic inflammatory conditions.

Furthermore, these scientific investigations have illuminated
tocotrienols’ ability to enhance skin health through UV
protection and skin-lightening effects, both in preclinical and
clinical models [38-42]. Tocotrienols have also demonstrated
their potential for improving lipid profiles among individuals
with dyslipidemia and hypertension [12,43-48] and have been
shown to regulate leptin expression, thereby influencing appetite
control and energy homeostasis [49-54]. To date, no study has
specifically investigated the effect of tocotrienols on ghrelin
expression. Therefore, our study aims to fill this knowledge gap
and provide novel insights into this unexplored area.

In bone health, tocotrienols promote osteoblast survival and
proliferation through free radical protection and inhibit
osteoclasts by downregulating the mevalonate pathway. They
also regulate gene expression to promote bone formation
[55-66]. Similarly, tocotrienols positively influence neurological
health by modulating gene expression in the brain, potentially
enhancing memory and motor function while delaying
Alzheimer disease progression. Notably, α-tocotrienol at
nanomolar concentrations has been shown to attenuate
enzymatic and nonenzymatic mediators of arachidonic acid
metabolism and neurodegeneration [11,67-71].

TRF is a commercial mixture of vitamin E isomers, containing
approximately equal proportions of α-tocopherol (αTP) and α-,
β-, γ-, and δ-tocotrienol isomers. TRF supplement with a
complete spectrum of tocotrienol isomers has been found to
alleviate inflammatory symptoms of allergic rhinitis [72],
enhance mental health and cognition [73], reduce inflammation
and oxidative stress in ulcerative colitis [31], and mitigate
UV-induced skin inflammation [38]. A previous study reported
that TRF can improve antioxidant enzyme activities and
glutathione levels in women aged between 50 years and 55 years
[74]. In the same study, TRF supplementation was found to
reduce MDA levels as early as 3 months, while oxidative
damage toward DNA was reduced in women after 6 months of
supplementation [75]. Furthermore, related isomers derived
from the same source have demonstrated benefits in
cardiovascular, liver, and metabolic functions [12,76] while
exhibiting inhibitory effects on the growth of gastric cancer
[77], prostate cancer [78], and breast cancer [79]. The findings
from these studies provide a compelling basis to initiate a
clinical trial aimed at evaluating the impact of TRF on the
well-being of healthy individuals.

Prior Work
To establish an appropriate dosage and duration for the clinical
trial, systematic research of human studies involving vitamin
E supplementation in healthy participants spanning the years
1997 to 2019 was conducted. A comprehensive search using
keywords such as “human,” “vitamin E,” “tocopherol,” and
“tocotrienol” in the PubMed database yielded 9 published
papers. These studies shed light on the dosages and durations
of tocotrienols that are suitable for this clinical trial. In a
comparative study investigating the impact of supplementation
with TRF and αTP on gene expression in healthy older adults,
the administration of αTP (400 IU/day) and TRF (150 mg/day)
over a period of 6 months was found to influence pathways
related to immune response, drug response, cell adhesion, and
signal transduction pathways. Notably, TRF supplementation
exhibited a more pronounced effect than αTP in modulating
gene expression involved in signaling pathways [80]. The same
study also revealed that TRF and αTP supplementation
demonstrated similar antioxidative and anti-inflammatory effects
in older adults, with TRF showing more significant impacts in
female participants [74]. This occurrence may be associated
with the downregulation of the apoptotic pathway such as
ERK1/2 cascades and NF-κB pathway after 6 months of TRF
supplementation [80]. Moreover, another study revealed that
TRF supplementation (150 mg/day) for 6 months led to
alterations in plasma protein levels including upregulation of
apolipoprotein A-I and E precursors and downregulation of
CRP precursors in both young and older individuals, actions
that are associated with a therapeutic effect against
atherosclerosis [81]. These findings provide a perspective that
TRF also alters protein expression as shown by elevated plasma
protein levels following 6 months of TRF supplementation.

Another investigation focused on the effects of TRF
supplementation at a dosage of 400 mg/day for 2 months on the
immune response to tetanus toxoid immunization in healthy
volunteers. The findings indicated that TRF exhibited
immunostimulatory effects [82], thus reinforcing the notion that
TRF is associated with handling cellular inflammation. In a
randomized controlled trial spanning 6 months, daily
supplementation of 150 mg/day TRF was associated with
improvements in lipid profile and oxidative status in healthy
older adults [83]. Interestingly, a separate trial found that daily
supplementation with TRF (150 mg/day) for 6 months did not
induce immunomodulatory changes in healthy human volunteers
[84]. A much earlier clinical trial, comparing 50-mg with
100-mg vitamin E supplementation over 6 months, suggested
that the higher dose (100 mg) had a more pronounced effect on
cellular immune function in noninstitutionalized older adults
aged 65 years to 80 years [85]. Moreover, a 4-month
supplementation regimen of 60 IU to 800 IU vitamin E daily
had no adverse effects on various health parameters, including
general health, nutrient status, liver enzyme function, thyroid
hormone concentrations, creatinine concentrations, serum
autoantibodies, killing of Candida albicans by neutrophils, and
bleeding time in healthy participants older than 65 years [86].
In another randomized controlled trial, older adults consuming
200 mg/d of vitamin E for 4 months exhibited an increase in
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delayed-type hypersensitivity skin response and an elevation
in antibody titer to hepatitis B [87].

Following the review of the literature, a supplementation
regimen of 200 mg per day for 6 months was selected. Although
no published human studies have reported any serious adverse
effects attributed to tocotrienols, it is worth noting that, in animal
studies, tocotrienol doses of 500 mg/kg body weight and 1000
mg/kg body weight (administered orally) were found to increase
bleeding and clotting times in mice during subacute (14 days)
and subchronic (42 days) investigations [88]. When these doses
are converted to a human equivalent dose, they equate to 2400
mg and 4800 mg, respectively in humans. This discovery implies
that high doses of tocotrienols (>2400 mg) should be used
cautiously, particularly by individuals with a tendency to bleed
or those taking anticoagulants. Consequently, individuals who
are currently on anticoagulant or antithrombotic medication are
ineligible for participation in this research.

Although several human studies have explored the potential
benefits of tocotrienols, there is a noticeable lack of published,
comprehensive data that substantiate their advantages
specifically in older adults. To address this knowledge gap, we
designed a randomized, double-blind, placebo-controlled study,
also widely recognized as the “gold standard” in intervention
research [89]. This research design excels in establishing causal
relationships, enabling us to demonstrate the efficacy of
tocotrienols, compared with placebo, in older adults. The
connection between oxidative stress, chronic low-grade
inflammation, and the aging process, as well as age-related
diseases, has been firmly established through extensive
epidemiological studies involving older adults [90].
Consequently, several key investigative areas, including
antioxidant and inflammation levels, arterial stiffness, appetite
regulation, skin parameters, cognitive functions, and bone
mineral density, were chosen as focal points for this research.
Tocotrienol supplementation is predicted to have a positive
impact on all of these parameters, adding to the increasing
amount of data that demonstrates its ability to improve general
quality of life of older adults. In particular, tocotrienols have
been demonstrated to attenuate arterial stiffness [91], modulate
hormones related to appetite [92], improve skin health through
improvements in hydration and elasticity [93], promote cognitive
performance through neuroprotective mechanisms [11,94],
lower oxidative stress and pro-inflammatory markers [95,96],
and positively influence bone metabolism [65].

The objective of this randomized, double-blinded,
placebo-controlled study is to evaluate the efficacy of TRF
supplement on health indices for older adults who have been
reported to be at risk of reduced antioxidant levels and low-grade
chronic inflammation, factors that contribute to an increased
susceptibility to chronic diseases [97]. This study design offers
the advantage of establishing causality by assessing the efficacy
of TRF compared with placebo in older adults. The outcomes
of this trial will provide crucial insights into the potential
benefits of TRF supplements for enhancing the health and
well-being of older adults.

Aim of This Study
The comprehensive objectives of this research involve the
evaluation of the effectiveness of TRF at enhancing antioxidant
levels and reducing inflammation among individuals aged 50
years to 75 years. Furthermore, changes in appetite hormones,
arterial stiffness, and skin parameters over 3-month and 6-month
supplementation periods are monitored relative to baseline
measurements. In addition, alterations in bone mineral density
following 6 months of tocotrienol supplementation are being
determined, and potential enhancements in cognitive function
between baseline and the 6-month point are being investigated.
Finally, the influence of supplementation on vitamin E levels
within the body is being assessed after 3 months and 6 months
of TRF supplementation.

Methods

Study Setting
Healthy men and women aged between 50 years and 75 years
are recruited from the Klang Valley, which is centered in the
federal territories of Kuala Lumpur and Putrajaya in Malaysia.
Participants are divided into two cohorts, which are
supplemented with either placebo or tocotrienols for 6 months.

Ethical Considerations
This research upholds the principles of Good Clinical Practice
and adheres to the pertinent regulatory guidelines established
by the Malaysia Ministry of Health. The research was approved
by the Research Ethics Committee of Universiti Kebangsaan
Malaysia (ethics approval number: UKM
PPI/111/8/JEP-2019-798) and was registered with the Malaysia
National Medical Research Register and National
Pharmaceutical Regulatory Agency. Funding for the study was
provided by KL-Kepong Oleomas Sdn Bhd, with the research
itself being independently conducted by scholars and experts
from a higher learning institution. Before the clinical trial
commenced, the two parties signed a distinct legal agreement
designed to safeguard the rights of the sponsor and researchers
involved.

The investigators have no financial nor other competing interests
in relation to the overall trial, ensuring impartiality and scientific
integrity. Any alterations to the protocol are communicated by
the investigators to both the Research Ethics Committee and
the sponsor prior to implementation.

Upon completion of the trial, the principal investigator (PI) and
sponsor will collaborate in publishing the results and deriving
pertinent conclusions while ensuring strict confidentiality of
participants’ personal information.

The PI is responsible for retaining the data for a minimum
duration of 7 years from the date of closure of the database. The
sponsor possesses exclusive rights to use the data for commercial
purposes, except for any personal information related to the
participants. Concurrently, researchers are granted the privilege
to use the data for noncommercial purposes, encompassing but
not limited to patient care and treatment, academic pursuits,
and publication.
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Special ethical considerations have been addressed in accordance
to the specific needs of the older adult participants in this study.
Given the possibility of age-related cognitive decline, the
informed consent process incorporates simplified language and
comprehension testing to assure accurate understanding. Extra
care is taken to reduce any psychological pain or stigmatization,
and cognitive examinations are carried out using validated
instruments suitable for older adults. All study procedures are
intended to accommodate physical or emotional weaknesses,
including flexible scheduling and participant comfort during
data collection. Throughout the research process, these
safeguards maintain each participant's autonomy, dignity, and
safety. The eligible participants were compensated RM 40 (US
$9.48) for each visit.

Eligibility Criteria
Participants in this research must meet specific health criteria,
including being generally healthy as determined using physical
examination and lab-based blood tests, with satisfactory liver
and renal function tests. Eligible participants can be of either
gender and aged between 50 years and 75 years. They should
not be allergic to palm oil and vitamin E and should not have
consumed vitamin E or any other antioxidant supplements in
the past 3 months. Furthermore, they must be willing and able
to adhere to the study’s visit schedule and procedures, reside
within a geographically feasible proximity for adequate
follow-up (as determined by the investigator), and have a clear
understanding of the study protocol, as indicated by their signed
informed consent forms.

Participants in this study are expected to reflect greater
distribution among the Malay and Chinese population, as these
two races are the majority in Malaysia. Meanwhile, participation
from the Indian community is less expected as they avoid
bovine-related products in their dietary consumption due to
religious reasons, aside from being the minority in the country.
Moreover, the gender distribution is expected to be balanced
between both men and women as there were 2 million
individuals of each gender in people aged 60 years and older
as of the 4th quarter of 2024 [10]. The socioeconomic
background of the participants (ie, education background,
occupation, and social status) is not entirely restricted as we
intend to be inclusive of all population groups, aside from
factoring in the limited availability of participants. However,
we note that the participants’ education background may
influence cognitive performance before and after
supplementation. Thus, we will record their academic
background when performing the assessments for cognitive
function.

Participation in this research is restricted based on several
exclusion criteria, such as individuals with fat malabsorption.
This is because tocotrienols, as fat-soluble compounds, require
adequate lipid absorption to achieve maximum bioavailability.
In addition, those with chronic conditions such as cardiac
diseases, neurological diseases, diabetes, HIV infection, or
psychiatric illness or social situations are not eligible because
these conditions and their associated treatments may have an
impact on the study end points by obscuring the specific effects
of tocotrienol supplementation.

Individuals following a vegan diet are also excluded due to
potential nutritional differences, particularly in fat intake and
fat-soluble vitamin levels, which may alter tocotrienol
absorption and metabolism. Moreover, those who have smoked
within the past 3 months are also excluded since smoking can
cause oxidative and systemic stress, which can alter overall
inflammation, vascular function, and antioxidant status.
Excluding people who have recently undergone or are planning
for surgery may be helpful to eliminate confounding side effects
from surgical stress and postoperative drugs. Furthermore,
pregnant and lactating women are excluded for ethical and safety
reasons, given the lack of data on tocotrienol use in these
populations. Individuals with a history of bleeding disorders,
liver dysfunction, or gastrointestinal ulcers (eg,
thrombocytopenia, abnormal liver function, liver diseases such
as chronic hepatitis, gastrointestinal ulcers) are also excluded
due to the potential risk of bleeding complications as well as
reduced tocotrienol metabolism and clearance. Participants who
are taking antibiotics, anticoagulants, antithrombotics, or other
supplements that may interact with tocotrienol activity are
excluded to avoid pharmacological interactions that could
compromise research safety or supplementation efficacy.

Interventions
This research encompasses the evaluation of two investigation
products that are supplied by KL-Kepong Oleomas Sdn Bhd.
The first product, known as DavosLifeE3 Complete (50 mg),
contains 50 mg of tocotrienols that are sourced from palm oil
and meets the specifications outlined in the US Food and Drug
Administration “generally recognized as safe” exemption claim
21 CFR 170.36 (c) [98]. The second product, Placebo Softgel,
is a palm oil supplement that has the vitamin E compounds
stripped off, serving as a vital control within the study. The
blinding of the supplement is performed such that each group
is labelled with their respective intervention product (IP) number
without disclosing the content in the softgel. The softgels for
both groups are odorless, of similar size and shape, and
packaged in a fully opaque bottle. Contract research assistants
generated the random allocation sequence, enroll participants,
and assign participants to the interventions. Study participants,
researchers, and data analysts will remain blinded throughout
the clinical study to maintain blinding integrity throughout the
6-month intervention period.

Outcomes
The study outcomes are divided into primary and secondary
end points. The primary end points include vascular health
(arterial stiffness), blood biochemistry (liver function, lipid
profile, renal function, full blood count, and fasting glucose),
oxidative stress (F2-IsoPs, MDA, AGEs, and PC), inflammation
markers (TNF-α and IL-6), appetite regulation (ghrelin and
leptin), and skin assessment (elasticity, hydration, transepidermal
water loss, pigmentation, sebum secretion, wrinkles, and
roughness). Meanwhile, cognitive function (Montreal Cognitive
Assessment [MoCA], Rey Auditory Verbal Learning Test
[RAVLT], and digit span test) and bone density fall under the
secondary outcome measures.

The study encompasses a multifaceted array of assessments and
procedures (Figure 1). For primary outcome measures, blood
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samples (15 mL) are collected as baseline samples for blood
biochemistry analyses. Venous blood samples are drawn from
the antecubital vein between 8 AM and 10 AM, following an
8- to 10-hour overnight fast. The standardized timing and fasting
procedure are followed throughout all study visits (baseline, 3

months, and 6 months) to reduce biological variability caused
by circadian rhythms and postprandial effects. After at least 5
minutes of rest to stabilize hemodynamic parameters before
sampling, participants are seated, and blood is collected using
sterile procedures.

Figure 1. Overview of assessments and procedures for the 6-month clinical trial. DEXA: dual-energy X-ray absorptiometry; MoCA: Montreal Cognitive
Assessment; RAVLT: Rey Auditory Verbal Learning Test.

Tubes containing samples are labeled with the participant’s
code, trial ID, and date for accurate identification. From the
collected blood samples, 4 mL is routed to the chemical
pathology laboratory for blood biochemistry analysis. The
remaining samples are stored appropriately on ice or in a 4 °C
refrigerator until they undergo centrifugation, facilitating the
isolation of plasma samples. These collected plasma samples

are apportioned into 1-mL storage tubes and immediately stored
in a –80 °C freezer. This storage method ensures that the
samples are preserved for the analysis of oxidative stress
markers (MDA, AGE, F2-IsoPs, and PC), inflammatory markers
(TNF-α and IL-6), vitamin E, and appetite regulation markers
(leptin and ghrelin), all to be conducted within 12 months of
storage (Table 1).
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Table 1. Summary of tests performed at 0, 3, and 6 months.

MethodologySampleNumber and time points, category, and parameters

(1) Screening

Blood biochemistry tests

Clinical chemistry analyzerBloodLiver function (ALTa, ALPb, albumin, protein, bilirubin)

Clinical chemistry analyzerBloodLipid profile (TGc, HDLd, LDLe, cholesterol)

Clinical chemistry analyzerBloodRenal function (Na, K, Cl, urea, creatinine)

Clinical chemistry analyzerBloodFull blood count (WBCf, RBCg, hematocrit, MCVh, platelets)

Clinical chemistry analyzerBloodFasting glucose

Clinical chemistry analyzerBloodC-reactive protein

Physical examination

Blood pressure monitor—iBlood pressure

—Heart rate

Body weight scale and stadiometer—BMI

Past medical history

Screening form—Medications

Screening form—Supplements

Screening form—History of illness

Social history

Screening form—Smoking

Screening form—Alcoholic consumption

Screening form—Exercise

Screening form—Dietary patterns

(2) 0, 3, and 6 months

Physical examination

Blood pressure monitor—Blood pressure

—Heart rate

Body weight scale and stadiometer—BMI

Body composition measurements

Body composition analyzerWhole bodyBMI

Body composition analyzerWhole bodySegmental and visceral fat

Body composition analyzerWhole bodyBasal metabolic rate

Clinical chemistry analyzerBloodBlood biochemistry tests

Oxidative stress markers

ELISAk kitBloodAGEsj

ELISA kitBloodPCl

ELISA kitBloodF2-IsoPsm

HPLCoBloodMDAn

Inflammation markers

ELISA kitBloodTNFαp

ELISA kitBloodIL-6q

Weight management
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MethodologySampleNumber and time points, category, and parameters

ELISA kitBloodGhrelin

ELISA kitBloodLeptin

HPLCBloodVitamin E level

Skin assessment

CutometerFace and armElasticity

CorneometerFace and armHydration

TewameterFace and armTransepidermal water loss

MexameterFace and armPigmentation

SebumeterFace and armSebum secretion

VisioscanFace and armWrinkles and roughness

(3) 0 and 6 months

Arteriograph device /photoplethysmographyWhole bodyArterial stiffness assessment

Dual-energy x-ray absorptiometryWhole BodyBone density assessment

Cognitive function assessment

Questionnaires—MoCAr

Questionnaires—RAVLTs

Questionnaires—Digit span test

aALT: alanine transaminase.
bALP: alkaline phosphatase.
cTG: triglycerides.
dHDL: high-density lipoprotein.
eLDL: low-density lipoprotein.
fWBC: white blood cells.
gRBC: red blood cells.
hMCV: mean corpuscular volume.
iNot applicable.
jAGEs: advanced glycation end products.
kELISA: enzyme-linked immunosorbent assay.
lPC: protein carbonyl.
mF2-IsoPs: F2-isoprostanes.
nMDA: malondialdehyde.
oHPLC: high-performance liquid chromatography.
pTNFα: tumor necrosis factor-α.
qIL-6: interleukin-6.
rMoCA: Montreal Cognitive Assessment.
sRAVLT: Rey Auditory Verbal Learning Test.

Furthermore, the assessment of arterial stiffness is conducted
by skilled laboratory assistants using arteriography during the
participants’ visits at both the 0- and 6-month time points. This
assessment uses inflatable cuffs and is noninvasive. The
arteriograph primarily measures pulse wave velocity,
augmentation index, and central blood pressure, all of which
reflect vascular health. Total body fat and lean mass
measurements are accomplished using an InBody device during
the participant visits at 0, 3, and 6 months.

In addition, skin health is analyzed using a Cutometer
(Courage+Khazaka electronic GmbH) and Visioscan
(Courage+Khazaka electronic GmbH) during participant visits

at 0, 3, and 6 months. At 2 anatomical locations (volar side of
the forearm and lateral periorbital region of the face), skin
characteristics such as elasticity, hydration, transepidermal water
loss, pigmentation, sebum secretion, wrinkles, and roughness
will be studied. At both locations, 4 to 5 repeated measurements
are made for each parameter, and the results are averaged. To
ensure site uniformity and accommodate anatomical changes,
slight positional deviations of a few centimeters are permitted.
By measuring at the forearm and face, it is possible to conduct
a thorough analysis of skin alterations in regions with low and
high levels of sun exposure, respectively. This increases
sensitivity to both the local and systemic effects of the
intervention.
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Subsequently, for secondary outcome measures, participants
undergo cognitive function assessments, which include the
MoCA, RAVLT, and digit span test. These assessments are
performed with the assistance of a trained research assistant
during the participants’ visits at 0 and 6 months. Finally, the
measurement of bone mineral density is conducted using a
dual-energy X-ray absorptiometry device at 0 and 6 months.
Full body, lumbar spine, and hip scans are conducted. The
lumbar spine and hip are essential locations for measuring bone
density in older adults, which is crucial for comprehending how
tocotrienol supplementation affects bone health. These regions
are significant to the study since they represent general bone
health.

To monitor changes in dietary habits, participants complete a
food frequency questionnaire during their visits at 0, 3, and 6
months. The food intake checklist was developed to monitor
changes in dietary habits throughout the study. Nutritionist Pro
software is used to analyze the diet history data for each
participant to quantify their nutrient intake values. Statistical
analysis is then conducted to determine whether the nutrient
value is significantly different from the blood biochemistry
composition. Figure 1 presents a flowchart illustrating the study
period and the tests conducted at each time point.

Participant Timeline
Over the study period, 3 assessments are carried out at 0, 3, and
6 months across various domains of inquiry, encompassing
oxidative stress, inflammation, skin conditions, arterial stiffness,
cognitive function, appetite regulation, bone mineral density,
and vitamin E levels. To ensure comprehensive oversight of the
assessments, delegation of an authority log was established and
formally endorsed by the respective investigators, each of whom
possesses expertise in their specific area of assessment.

Sample Size
Sample size estimation was based on a comparison of mean
low-density lipoprotein levels, referencing a previous
case-control study on biomarkers for premature coronary artery
disease by Shukor et al [99]. The sample size was calculated
using a power and sample size program. The effect size was
calculated based on a mean value of 3.11 (SD 0.81) for group
one and a mean value of 2.66 (SD 1.25) for group two.

The total number of required participants calculated per group
of the experimental design was 93 when dichotomous outcomes
were presumed with a Type I error probability, α of .05, and
power of 0.8. To maintain the power, a 20% dropout rate was
factored in. Consequently, 110 participants are required to be
enrolled in each group (placebo and supplementation).
Therefore, a total of 220 participants are required to perform
this clinical study.

Recruitment
The selection of potential trial participants is conducted by the
PI based on the inclusion and exclusion criteria. Participants
who fail to meet the inclusion and exclusion criteria are defined
as screening failures. The PI maintains a Screening Log, which
includes screen failures to ensure a systematic selection of
participants. Informed consent is obtained from each participant

by the contract research assistants. During enrollment, general
information (name, gender, age, address, and contact
information) is obtained. To ensure security and confidentiality,
each participant is assigned a participant-specific code. The
code is used to label the participant’s laboratory results. Each
participant is reimbursed for standard transportation fees.

Participants are free to withdraw from the study at any time for
any reason. Participants may also be withdrawn at any time at
the discretion of the PI. Possible reasons for withdrawal include
abnormal laboratory values, protocol violation, the participant
requiring the use of an unacceptable concomitant medication,
participant not complying with protocol procedures, participant
developing a condition during the study that violates the
inclusion or exclusion criteria, loss to follow-up, death, or any
other reason in the PI’s opinion that would impede participation
in the study.

Assignment of Interventions
Tocotrienols and placebo supplements are prepared and labelled
with the IP number by the sponsor. Assignment of supplements
to participants is by chance through the drawing of lots by
contract research assistants. The treatment is double-blinded
throughout the study period until all data have been collected
and analyzed, after which the supplementation IP numbers are
revealed to the PI by the sponsor. However, in case of any
serious adverse event reported during the study period, the
unmasking of the code is immediate.

A set of numbers, from 1 to 60, is randomized using the
randomization application for every block of 60 participants.
The participants are assigned a randomized number according
to the numerical sequence 1 to 60 in the list of randomized
numbers. All even numbers are treated with the same IP, while
odd numbers are treated with another IP. Thus, every block
randomization has an equal number of participants for each IP.
The randomization will be repeated until 220 participants are
recruited.

The unblinding in emergency situations is only permitted in
case of a suspected, unexpected serious adverse reaction or other
important adverse event, when knowledge of the supplemented
product in question is required for therapeutic decisions in the
medical management of the participant.

In the event of an emergency, an emergency decoding option
is accessible to both the PI and designated personnel at the
sponsor. The responsibility for breaking the blind for individual
participants in emergency situations lies with the PI. If the need
to break the blind arises, the PI will communicate this to the
sponsor. Before the treatment code is broken, the PI responsible
for unblinding must document the reason and date for unblinding
in the case report form (CRF) to ensure proper documentation
of the unblinding event, including a clear explanation of the
reason for unblinding.

In the event that the sponsor requires unblinding of the
treatment, the reason and date of unblinding are recorded in the
CRF. In situations where it is necessary to unblind an individual
participant’s treatment for the purpose of expedited reporting
to the authorities, only designated individuals at the sponsor
who are responsible for reporting this information will have
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access to the identity of the product. Every effort is made to
ensure that all other members of the clinical trial remain blinded
throughout the entire duration of the trial.

Data Collection and Management
During the screening process, potential participants are assessed
for eligibility to enter the study according to the inclusion and
exclusion criteria. After an overnight fast, a 10-mL blood sample
is taken from each volunteer. The screening tests consist of
comprehensive evaluations, encompassing blood lipid profile,
liver function tests, renal profile, full blood count, and fasting
blood glucose measurements. Additionally, records of past
supplementation and medical history are reviewed to obtain a
holistic understanding of the individual’s health status. The
results of blood tests are revealed to volunteers upon request.
Volunteers who meet the inclusion criteria are selected for
baseline sampling typically within a timeframe of 1 month to
2 months after the screening process.

Eligible participants are contacted to schedule appointments for
data collection at baseline, 3 months, and 6 months. During
each visit, a physician conducts a comprehensive medical
evaluation, encompassing an assessment of medical history;
documentation of any concurrent medications; measurements
of participants’ weight, height, resting blood pressure, pulse
rate, and temperature; and evaluation of vital signs.
Subsequently, blood samples are drawn from each participant
for immediate analysis of blood biochemistry, and additional
samples are preserved for future analysis of oxidative stress
markers, inflammatory markers, vitamin E, and appetite
regulation marker levels. Furthermore, on the same day as the
visit, assessments are performed for arterial stiffness, body fat
composition, skin health, bone mineral density, and cognitive
function.

Participant records and data for analyses are kept in separate
folders according to the protocol and transferred into the CRF
of each participant by the contract research assistants. The result
for each assessment is monitored by specific investigators with
expertise in the field, to facilitate comprehensive monitoring of
the data.

A contractual disclosure agreement signed by the sponsors and
investigators outlines the sponsor’s access rights to the trial data
set and source data. Both the investigators and sponsor should
collaborate and jointly author publications reporting the trial’s
results to ensure an accurate representation of the results and
drawing of appropriate conclusions, thereby preserving the
integrity of the findings. All data are reported in a collective
manner with no reference to any participants in the trial to ensure
that the identities of participants remain confidential.

Analyses
Statistical analysis is conducted using SPSS (IBM Corp). The
Kolmogorov-Smirnov test will be performed to assess the
normality of the data distribution. Type III sum of squares is
set to evaluate the hypotheses.

A mixed-design ANOVA will be used to determine whether
supplementation affects the blood biochemistry parameters
(inflammation and oxidative stress) and physical health (body

composition, skin, cognitive function, and vascular health) at
baseline, 3 months, and 6 months among the groups. The
Mauchly test of sphericity will be conducted to assess
homogeneity of variance and compare the means of the
supplemented group with those of the placebo group. To account
for the risk of a Type I error as a result of many primary and
secondary outcomes, multiplicity correction procedures will be
used. In particular, the Benjamini-Hochberg approach for false
discovery rate control will be used in each outcome domain (eg,
oxidative stress markers, inflammatory markers, cognitive tests).
Statistical power and Type I error control are balanced for
exploratory research in this method with connected variables.
The Tukey post hoc test will be used for comparisons between
groups, while the Dunnett test will be used for comparisons
within groups over time. In terms of missing data, linear
mixed-effects models with the missing at random assumption
will be used, which is acceptable given the repeated-measures
design and inclusion of observed predictors. Nevertheless,
dropout rates in older adult groups might differ from missing
at random (for example, because of undetected health decline).
To evaluate the possible impact of data missing not at random,
sensitivity analyses will be conducted using pattern-mixture
models and multiple imputation with delta-adjustment scenarios.
These methods aid with determining the robustness of the
findings under alternate missingness assumptions. All data will
be presented as mean (SD), with statistical significance defined
as P<.05.

This study requires a total of 220 volunteers as calculated using
the power and sample size program. In the case where any
participant withdraws or is eliminated during the course of the
project, their ID number is not reused. Instead, new volunteers
are recruited to maintain the total sample size at 220. The
distribution of the IP numbers is rerandomized and adjusted as
needed to ensure that both groups remain equally balanced, with
110 participants receiving each IP.

All randomized participants are included in the primary analysis
using the intention-to-treat approach, which analyzes participants
based on their initial group allocation regardless of whether
they adhere to the intervention. Only participants who complete
the study without significant protocol deviations are included
in a secondary per-protocol analysis.

Monitoring
Participants are instructed to maintain their regular lifestyle
throughout the study duration. We recommend that they adhere
to their usual routine regarding the number of meals and dietary
plan. If there is a need to use any medication, they are required
to inform the PI to ensure proper documentation in the CRF.

To ensure compliance, participants are requested to submit the
provided supplement bottles during their visits at 3 and 6
months. The percentage of the leftover supplements in the
returned bottles are used to track compliance. The purpose of
these data is to evaluate intervention adherence. To account for
adherence-related differences in the treatment effect, the
compliance percentage is incorporated as a covariate in the
statistical analyses. Additionally, subgroup analyses based on
adherence levels (high, medium, and low compliance) will be
carried out.
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Additionally, plasma vitamin E levels are measured at 0, 3, and
6 months to assess the participants’ response to supplementation.
In the event of suspected side effects or adverse reactions,
participants should promptly report to the PI and seek immediate
medical assistance. The PI must assess whether the observed
effects are related to the trial and determine if the participant
should be excluded from the study accordingly.

Results

The study was approved by the Research Ethics Committee of
Universiti Kebangsaan Malaysia for implementation from
January 27, 2020, to July 26, 2026. The sponsor successfully
disbursed funding in June 2020. Participant screening,
recruitment, and data collection commenced in September 2020.
As of April 2025, 339 participants were screened, with 211
recruited and 167 having completed the study. Data analysis
was completed for the first 120 participants, evenly divided
between the placebo and TRF supplementation groups. Final
results are expected to be published in 2026, following the
completion of data collection and unblinding of the IPs by the
sponsor.

Discussion

This study was conducted to evaluate the effectiveness of TRF
(DavosLife E3 Complete) on blood biochemical composition
(liver function, lipid profile, renal function, full blood count,
and fasting glucose), oxidative status biomarkers (MDA, AGE,
F2-IsoPs, and PC), inflammation biomarkers (TNF-α and IL6),
appetite regulation biomarkers (leptin and ghrelin), arterial
stiffness, skin health, bone density, and cognitive function in
healthy older adults aged 50 years to 75 years over a 6-month
intervention period. We hypothesized that the high antioxidant
and anti-inflammatory properties of TRF would result in
significant improvements across several different areas,
particularly vascular function and cognitive performance. In
order to provide more thorough knowledge on the role of TRF
in promoting healthy aging, skin and bone parameters were also
included to investigate the potential benefits of TRF on structural
and aesthetic elements of aging. The goal of this study is to
meet the increasing need for a safe, nonpharmacological
intervention that can help the older population maintain their
functional lifespan, quality of life, and physiological resilience.

The 5-year clinical trial was designed in accordance with the
SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) guidelines and registered in the National
Medical Research Register of Malaysia. Prior to the initiation
of the trial, the investigators and sponsor signed a mutual
confidentiality agreement. This agreement serves to safeguard
against any unauthorized use, disclosure, publication, or
dissemination of confidential information by both parties
involved. Separately, a comprehensive research agreement was
signed, addressing the roles of the investigators and sponsor,
ownership of liabilities, indemnification and insurance, quality
assurance, record-keeping, reporting, access, intellectual
property, and publication and authorship.

The trial commenced in 2019 after ethical approval was
obtained. Notably, although sponsored by a commercial
company, the trial is conducted entirely by the institution
independently of the sponsors. Participant recruitment, sampling,
and analyses are performed by the investigators who are blinded
to the participants’ identification to prevent bias. Volunteers
undergo random screening and are recruited based on their
fulfillment of the inclusion criteria. Similarly, the administration
of investigational products is also randomized.

The trial protocol was collaboratively designed by investigators
from diverse backgrounds, each bringing their expertise in the
relevant measured parameters. Through careful consideration
and discussion, the team determined the optimal parameters to
be measured and the appropriate time points at which these
measures were most likely to effectively detect changes. As a
result, blood tests, skin assessment, and body composition were
assessed at 3 time points, while parameters such as bone density,
arterial stiffness, and cognitive function were measured
exclusively at the baseline (0 months) and end point (6 months)
evaluations.

The MoCA was used under the licensing agreement with the
MoCA Clinic and Institute, ensuring that only trained research
assistants administered the test to the participants. The RAVLT
is a widely recognized measure that assesses an individual’s
capacity to encode, integrate, retain, and retrieve verbal
information across various stages of immediate memory [100].
As a result, this assessment tool is valuable for evaluating the
impact of interference stimulus, delayed memory, and
recognition. Additionally, the digit span test, which gauges the
ability to maintain and manipulate a limited amount of
information within a readily accessible state for short durations,
typically less than 30 seconds, provides crucial insights when
assessing working memory [101].

The dosage of TRF was determined based on previous reports
that demonstrated its efficacy while not reporting any adverse
events. Careful consideration was given to selecting an
appropriate dose to ensure safety and prevent potential toxicity,
as TRF is a fat-soluble compound and excessive dosage can
lead to adverse effects. Research with rats has shown that oral
administration of a vitamin E supplement was not safe for the
liver and kidney [102]. Nevertheless, considering the ongoing
changes in population lifestyles and dietary habits, it becomes
imperative to conduct a comprehensive review of the TRF
dosage for future clinical trials especially for therapeutic
purposes.

On average, the screening process typically lasts around 2 hours.
According to the latest data, approximately 60% of the
volunteers successfully met the inclusion criteria and became
eligible for recruitment into the study. The primary reasons for
volunteer exclusions were elevated levels of total cholesterol,
low-density lipoprotein cholesterol, fasting blood glucose, and
blood pressure. On average, each participant requires
approximately 3 hours to complete all assessments, excluding
blood tests. To accommodate the fasting requirement for blood
withdrawal and arterial stiffness assessment, these tests are
conducted first. Subsequently, the remaining assessments are
performed simultaneously at different stations, allowing
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participants to visit any available station. To minimize the
waiting time, a maximum of 5 participants are scheduled per
sampling day. This ensures that participants do not experience
prolonged waiting periods.

Throughout the treatment period, the research assistants monitor
the compliance of the participants through regular phone calls
and short messages. However, the effectiveness of this
monitoring method relies on the participants’ availability to
respond to or read the messages. Noncompliant cases were
primarily attributed to participants’difficulty with remembering
to take the supplement, which is evident when they return the
bottles with a higher number of remaining softgels than expected
during the 3- and 6-month visits. The data from noncompliant
participants are still analyzed. However, it is specifically noted
in the CRF so that any potential outliers in data analysis can be
identified later.

The findings of this study will further extend our current
knowledge in many ways. As the older adult population
continues to increase globally [103], understanding the efficacy
of TRF supplementation for promoting healthy aging becomes
increasingly imperative. The use of a randomized, double-blind,
placebo-controlled study protocol to assess the effectiveness of
TRF in older adults offers numerous advantages that
significantly enhance the credibility and reliability of the
research findings. First, the randomization process ensures an
unbiased allocation of participants into the treatment and control
groups, minimizing the influence of confounding variables and
increasing the validity of the study results. Second, the
double-blinded nature of the trial eliminates both participant
and researcher bias, as neither knows who is receiving the active
intervention or the placebo, thereby preventing any preconceived
notions from influencing outcomes. This rigorous blinding
protocol ensures the integrity of the data collected and provides
a more accurate assessment of the true effects of TRF
supplementation. Finally, the inclusion of a placebo group

enables researchers to distinguish between the specific effects
of TRF and any placebo effects, ensuring that observed
improvements in health outcomes can be confidently attributed
to the intervention. Overall, by adhering to such a meticulous
study protocol, researchers can generate robust evidence
regarding the efficacy of TRF for promoting health and
well-being among older adults, ultimately informing clinical
practice and guiding future research endeavors.

There are some possible limitations of this study. One significant
limitation is the potential for dropout or noncompliance among
older participants, which can compromise the integrity of the
study results and introduce bias. Older adults may face unique
challenges such as cognitive impairment, mobility issues, or
comorbidities that affect their ability to consistently adhere to
the study protocol. Moreover, the relatively long duration often
required for such trials increases the likelihood of attrition over
time. Additionally, the strict inclusion and exclusion criteria
necessary to ensure the internal validity of the study may limit
the generalizability of the findings to broader older adult
populations with diverse characteristics and health profiles
[104]. Thus, researchers must remain cognizant of these
limitations and use strategies to mitigate their impact on the
study outcomes.

In conclusion, our study holds immense promise for advancing
our understanding of the potential health benefits of TRF. While
acknowledging the inherent challenges and limitations
associated with conducting trials in older adult populations, the
insights gleaned from this study have the potential to
significantly impact clinical practice. Ultimately, by generating
robust evidence regarding the efficacy of TRF supplementation
for promoting healthy aging, this study protocol has the potential
to contribute valuable insights to the field of geriatric medicine,
paving the way for improved strategies to enhance the quality
of life and well-being of older adults worldwide.

Acknowledgments
We would like to thank KL-Kepong Oleomas Sdn Bhd for providing funding for this trial and to Universiti Kebangsaan Malaysia
for their invaluable support through a matching grant, Dana Padanan Kolaborasi (DPK-2020-008).

Data Availability
The data and materials are available upon request, subject to reasonable conditions.

Authors' Contributions
Conceptualization: JAG, WZWN, SM, MHAD, NFI, KYC, AA, MHMY, MMM, HYL, WNY, YWU
Formal analysis: JAG, NANAR, AFMA
Funding acquisition: JAG, WNY, YWU
Investigation: NANAR, AFMA, NFAS, AA, MHMY, MMM
Methodology: JAG, WZWN, SM, MHAD, NFI, KYC, AA, MHMY, MMM
Project administration: JAG, NANAR, AFMA, NFI
Writing – original draft: JAG
Writing – review & editing: WZWN, SM, MHAD, NFI, KYC, AA, MHMY, MMM, HYL, JREN, HYL, YWU, WNY

Conflicts of Interest
JAG, WZWN, SM, MHAD, NFI, KYC, AA, MHMY, and MMM declare they have no competing interests. JREN, HYL, WNY,
and YWU work for the commercial organization that sponsors the clinical trial.

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 12https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) checklist.
[DOC File , 123 KB-Multimedia Appendix 1]

References

1. Flatt T. A new definition of aging? Front Genet. 2012;3:148. [FREE Full text] [doi: 10.3389/fgene.2012.00148] [Medline:
22936945]

2. Beckman KB, Ames BN. The free radical theory of aging matures. Physiol Rev. Apr 01, 1998;78(2):547-581. [FREE Full
text] [doi: 10.1152/physrev.1998.78.2.547] [Medline: 9562038]

3. Olinski R, Siomek A, Rozalski R, Gackowski D, Foksinski M, Guz J, et al. Oxidative damage to DNA and antioxidant
status in aging and age-related diseases. Acta Biochim Pol. Jan 09, 2007;54(1):11-26. [doi: 10.18388/abp.2007_3265]

4. Singh T, Newman AB. Inflammatory markers in population studies of aging. Ageing Res Rev. Jul 2011;10(3):319-329.
[FREE Full text] [doi: 10.1016/j.arr.2010.11.002] [Medline: 21145432]

5. Conti V, Izzo V, Corbi G, Russomanno G, Manzo V, De Lise F, et al. Antioxidant supplementation in the treatment of
aging-associated diseases. Front Pharmacol. Feb 12, 2016;7:24. [FREE Full text] [doi: 10.3389/fphar.2016.00024] [Medline:
26903869]

6. Khor B-H, Tiong H-C, Tan SC, Wong SK, Chin K-Y, Karupaiah T, et al. Effects of tocotrienols supplementation on markers
of inflammation and oxidative stress: a systematic review and meta-analysis of randomized controlled trials. PLoS One.
2021;16(7):e0255205. [FREE Full text] [doi: 10.1371/journal.pone.0255205] [Medline: 34297765]

7. Baierle M, Nascimento SN, Moro AM, Brucker N, Freitas F, Gauer B, et al. Relationship between inflammation and
oxidative stress and cognitive decline in the institutionalized elderly. Oxid Med Cell Longev. 2015;2015:804198-804112.
[FREE Full text] [doi: 10.1155/2015/804198] [Medline: 25874023]

8. Semba RD, Bandinelli S, Sun K, Guralnik JM, Ferrucci L. Plasma carboxymethyl-lysine, an advanced glycation end product,
and all-cause and cardiovascular disease mortality in older community-dwelling adults. J Am Geriatr Soc. Oct 05,
2009;57(10):1874-1880. [FREE Full text] [doi: 10.1111/j.1532-5415.2009.02438.x] [Medline: 19682127]

9. Pilleron S, Rajaobelina K, Tabue Teguo M, Dartigues J, Helmer C, Delcourt C, et al. Accumulation of advanced glycation
end products evaluated by skin autofluorescence and incident frailty in older adults from the Bordeaux Three-City cohort.
PLoS One. Oct 17, 2017;12(10):e0186087. [FREE Full text] [doi: 10.1371/journal.pone.0186087] [Medline: 29040310]

10. Department of Statistics Malaysia. [2024] Life Expectancy. OpenDOSM. Sep 30, 2024. URL: https://open.dosm.gov.my/
publications/life_expectancy_2024 [accessed 2025-08-27]

11. Sen CK, Khanna S, Roy S. Tocotrienols: vitamin E beyond tocopherols. Life Sci. Mar 27, 2006;78(18):2088-2098. [FREE
Full text] [doi: 10.1016/j.lfs.2005.12.001] [Medline: 16458936]

12. Wong W, Ward LC, Fong CW, Yap WN, Brown L. Anti-inflammatory γ- and δ-tocotrienols improve cardiovascular, liver
and metabolic function in diet-induced obese rats. Eur J Nutr. Feb 8, 2017;56(1):133-150. [doi: 10.1007/s00394-015-1064-1]
[Medline: 26446095]

13. Aggarwal BB, Sundaram C, Prasad S, Kannappan R. Tocotrienols, the vitamin E of the 21st century: its potential against
cancer and other chronic diseases. Biochem Pharmacol. Dec 01, 2010;80(11):1613-1631. [FREE Full text] [doi:
10.1016/j.bcp.2010.07.043] [Medline: 20696139]

14. Kaileh M, Sen R. Role of NF-kappaB in the anti-inflammatory effects of tocotrienols. J Am Coll Nutr. Jun 2010;29(3
Suppl):334S-339S. [doi: 10.1080/07315724.2010.10719848] [Medline: 20823493]

15. Serbinova E, Kagan V, Han D, Packer L. Free radical recycling and intramembrane mobility in the antioxidant properties
of alpha-tocopherol and alpha-tocotrienol. Free Radic Biol Med. Jan 1991;10(5):263-275. [doi:
10.1016/0891-5849(91)90033-y] [Medline: 1649783]

16. Suzuki YJ, Tsuchiya M, Wassall SR, Choo YM, Govil G, Kagan VE, et al. Structural and dynamic membrane properties
of alpha-tocopherol and alpha-tocotrienol: implication to the molecular mechanism of their antioxidant potency. Biochemistry.
Oct 12, 1993;32(40):10692-10699. [doi: 10.1021/bi00091a020] [Medline: 8399214]

17. Packer L, Weber SU, Rimbach G. Molecular aspects of α-tocotrienol antioxidant action and cell signalling. The Journal
of Nutrition. Feb 2001;131(2):369S-373S. [doi: 10.1093/jn/131.2.369s]

18. Müller L, Theile K, Böhm V. In vitro antioxidant activity of tocopherols and tocotrienols and comparison of vitamin E
concentration and lipophilic antioxidant capacity in human plasma. Mol Nutr Food Res. May 10, 2010;54(5):731-742. [doi:
10.1002/mnfr.200900399] [Medline: 20333724]

19. Kamal‐Eldin A, Appelqvist L. The chemistry and antioxidant properties of tocopherols and tocotrienols. Lipids. Jul
1996;31(7):671-701. [doi: 10.1007/bf02522884]

20. Jiang Q. Natural forms of vitamin E: metabolism, antioxidant, and anti-inflammatory activities and their role in disease
prevention and therapy. Free Radic Biol Med. Jul 2014;72:76-90. [FREE Full text] [doi: 10.1016/j.freeradbiomed.2014.03.035]
[Medline: 24704972]

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 13https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v14i1e73039_app1.doc&filename=267f8ee86c27fa6deb6f56a1dc586213.doc
https://jmir.org/api/download?alt_name=resprot_v14i1e73039_app1.doc&filename=267f8ee86c27fa6deb6f56a1dc586213.doc
https://europepmc.org/abstract/MED/22936945
http://dx.doi.org/10.3389/fgene.2012.00148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936945&dopt=Abstract
https://journals.physiology.org/doi/10.1152/physrev.1998.78.2.547?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.physiology.org/doi/10.1152/physrev.1998.78.2.547?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/physrev.1998.78.2.547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9562038&dopt=Abstract
http://dx.doi.org/10.18388/abp.2007_3265
https://europepmc.org/abstract/MED/21145432
http://dx.doi.org/10.1016/j.arr.2010.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21145432&dopt=Abstract
https://europepmc.org/abstract/MED/26903869
http://dx.doi.org/10.3389/fphar.2016.00024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903869&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0255205
http://dx.doi.org/10.1371/journal.pone.0255205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34297765&dopt=Abstract
https://europepmc.org/abstract/MED/25874023
http://dx.doi.org/10.1155/2015/804198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25874023&dopt=Abstract
https://europepmc.org/abstract/MED/19682127
http://dx.doi.org/10.1111/j.1532-5415.2009.02438.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19682127&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0186087
http://dx.doi.org/10.1371/journal.pone.0186087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29040310&dopt=Abstract
https://open.dosm.gov.my/publications/life_expectancy_2024
https://open.dosm.gov.my/publications/life_expectancy_2024
https://europepmc.org/abstract/MED/16458936
https://europepmc.org/abstract/MED/16458936
http://dx.doi.org/10.1016/j.lfs.2005.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16458936&dopt=Abstract
http://dx.doi.org/10.1007/s00394-015-1064-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26446095&dopt=Abstract
https://europepmc.org/abstract/MED/20696139
http://dx.doi.org/10.1016/j.bcp.2010.07.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20696139&dopt=Abstract
http://dx.doi.org/10.1080/07315724.2010.10719848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20823493&dopt=Abstract
http://dx.doi.org/10.1016/0891-5849(91)90033-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1649783&dopt=Abstract
http://dx.doi.org/10.1021/bi00091a020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8399214&dopt=Abstract
http://dx.doi.org/10.1093/jn/131.2.369s
http://dx.doi.org/10.1002/mnfr.200900399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20333724&dopt=Abstract
http://dx.doi.org/10.1007/bf02522884
https://europepmc.org/abstract/MED/24704972
http://dx.doi.org/10.1016/j.freeradbiomed.2014.03.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24704972&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Matringe M, Ksas B, Rey P, Havaux M. Tocotrienols, the unsaturated forms of vitamin E, can function as antioxidants and
lipid protectors in tobacco leaves. Plant Physiol. Jun 2008;147(2):764-778. [doi: 10.1104/pp.108.117614] [Medline:
18441223]

22. Ahsan H, Ahad A, Iqbal J, Siddiqui WA. Pharmacological potential of tocotrienols: a review. Nutr Metab (Lond). Nov 12,
2014;11(1):52. [FREE Full text] [doi: 10.1186/1743-7075-11-52] [Medline: 25435896]

23. Matsunaga T, Shoji A, Gu N, Joo E, Li S, Adachi T, et al. γ-Tocotrienol attenuates TNF-α-induced changes in secretion
and gene expression of MCP-1, IL-6 and adiponectin in 3T3-L1 adipocytes. Mol Med Rep. Apr 2012;5(4):905-909. [FREE
Full text] [doi: 10.3892/mmr.2012.770] [Medline: 22293775]

24. Qureshi AA, Reis JC, Papasian CJ, Morrison DC, Qureshi N. Tocotrienols inhibit lipopolysaccharide-induced
pro-inflammatory cytokines in macrophages of female mice. Lipids Health Dis. 2010;9(1):143. [doi:
10.1186/1476-511x-9-143]

25. Pervez MA, Khan DA, Ijaz A, Khan S. Effects of delta-tocotrienol supplementation on liver enzymes, inflammation,
oxidative stress and hepatic steatosis in patients with nonalcoholic fatty liver disease. Turk J Gastroenterol. Mar 05,
2018;29(2):170-176. [FREE Full text] [doi: 10.5152/tjg.2018.17297] [Medline: 29749323]

26. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold Spring Harb Perspect Biol. Sep
04, 2014;6(10):a016295. [FREE Full text] [doi: 10.1101/cshperspect.a016295] [Medline: 25190079]

27. Jang D-I, Lee A-H, Shin H-Y, Song H-R, Park J-H, Kang T-B, et al. The role of tumor necrosis factor alpha (TNF-α) in
autoimmune disease and current TNF-α inhibitors in therapeutics. Int J Mol Sci. Mar 08, 2021;22(5):1. [FREE Full text]
[doi: 10.3390/ijms22052719] [Medline: 33800290]

28. DeRijk R, Michelson D, Karp B, Petrides J, Galliven E, Deuster P, et al. Exercise and circadian rhythm-induced variations
in plasma cortisol differentially regulate interleukin-1 beta (IL-1 beta), IL-6, and tumor necrosis factor-alpha (TNF alpha)
production in humans: high sensitivity of TNF alpha and resistance of IL-6. J Clin Endocrinol Metab. Jul
1997;82(7):2182-2191. [doi: 10.1210/jcem.82.7.4041] [Medline: 9215292]

29. Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei XF, et al. IL-6 is an antiinflammatory cytokine required for
controlling local or systemic acute inflammatory responses. J. Clin. Invest. Jan 15, 1998;101(2):311-320. [doi:
10.1172/jci1368]

30. Maggio M, Guralnik J, Longo D, Ferrucci L. Interleukin-6 in aging and chronic disease: a magnificent pathway. J Gerontol
A Biol Sci Med Sci. Jun 2006;61(6):575-584. [FREE Full text] [doi: 10.1093/gerona/61.6.575] [Medline: 16799139]

31. Saw TY, Malik NA, Lim KP, Teo CWL, Wong ESM, Kong SC, et al. Oral supplementation of tocotrienol-rich fraction
alleviates severity of ulcerative colitis in mice. J Nutr Sci Vitaminol (Tokyo). 2019;65(4):318-327. [FREE Full text] [doi:
10.3177/jnsv.65.318] [Medline: 31474681]

32. Muid S, Froemming GRA, Rahman T, Ali AM, Nawawi HM. Delta- and gamma-tocotrienol isomers are potent in inhibiting
inflammation and endothelial activation in stimulated human endothelial cells. Food Nutr Res. Jul 06, 2016;60(1):31526.
[FREE Full text] [doi: 10.3402/fnr.v60.31526] [Medline: 27396399]

33. Wu S, Liu P, Ng L. Tocotrienol-rich fraction of palm oil exhibits anti-inflammatory property by suppressing the expression
of inflammatory mediators in human monocytic cells. Mol Nutr Food Res. Aug 18, 2008;52(8):921-929. [doi:
10.1002/mnfr.200700418] [Medline: 18481320]

34. Yam M-L, Abdul Hafid SR, Cheng H-M, Nesaretnam K. Tocotrienols suppress proinflammatory markers and
cyclooxygenase-2 expression in RAW264.7 macrophages. Lipids. Sep 2009;44(9):787-797. [doi: 10.1007/s11745-009-3326-2]
[Medline: 19655189]

35. Yang C, Jiang Q. Vitamin E δ-tocotrienol inhibits TNF-α-stimulated NF-κB activation by up-regulation of anti-inflammatory
A20 via modulation of sphingolipid including elevation of intracellular dihydroceramides. J Nutr Biochem. Feb
2019;64:101-109. [FREE Full text] [doi: 10.1016/j.jnutbio.2018.10.013] [Medline: 30471562]

36. Ahn KS, Sethi G, Krishnan K, Aggarwal BB. Gamma-tocotrienol inhibits nuclear factor-kappaB signaling pathway through
inhibition of receptor-interacting protein and TAK1 leading to suppression of antiapoptotic gene products and potentiation
of apoptosis. J Biol Chem. Jan 05, 2007;282(1):809-820. [FREE Full text] [doi: 10.1074/jbc.M610028200] [Medline:
17114179]

37. Eitsuka T, Tatewaki N, Nishida H, Nakagawa K, Miyazawa T. Synergistic anticancer effect of tocotrienol combined with
chemotherapeutic agents or dietary components: a review. Int J Mol Sci. Sep 22, 2016;17(10):1. [FREE Full text] [doi:
10.3390/ijms17101605] [Medline: 27669218]

38. Yap WN. Tocotrienol-rich fraction attenuates UV-induced inflammaging: a bench to bedside study. J Cosmet Dermatol.
Jun 26, 2018;17(3):555-565. [doi: 10.1111/jocd.12421] [Medline: 28952200]

39. Yap WN, Zaiden N, Xu CH, Chen A, Ong S, Teo V, et al. Gamma‐ and delta‐tocotrienols inhibit skin melanin synthesis
by suppressing constitutive and UV‐induced tyrosinase activation. Pigment Cell Melanoma Res. Sep 2010;23(5):688-692.
[doi: 10.1111/j.1755-148x.2010.00740.x]

40. Weber C, Podda M, Rallis M, Thiele JJ, Traber MG, Packer L. Efficacy of topically applied tocopherols and tocotrienols
in protection of murine skin from oxidative damage induced by UV-irradiation. Free Radic Biol Med. Jan 1997;22(5):761-769.
[doi: 10.1016/s0891-5849(96)00346-2] [Medline: 9119243]

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 14https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1104/pp.108.117614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18441223&dopt=Abstract
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-7075-11-52
http://dx.doi.org/10.1186/1743-7075-11-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25435896&dopt=Abstract
https://europepmc.org/abstract/MED/22293775
https://europepmc.org/abstract/MED/22293775
http://dx.doi.org/10.3892/mmr.2012.770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22293775&dopt=Abstract
http://dx.doi.org/10.1186/1476-511x-9-143
https://europepmc.org/abstract/MED/29749323
http://dx.doi.org/10.5152/tjg.2018.17297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29749323&dopt=Abstract
https://europepmc.org/abstract/MED/25190079
http://dx.doi.org/10.1101/cshperspect.a016295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25190079&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms22052719
http://dx.doi.org/10.3390/ijms22052719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33800290&dopt=Abstract
http://dx.doi.org/10.1210/jcem.82.7.4041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9215292&dopt=Abstract
http://dx.doi.org/10.1172/jci1368
https://europepmc.org/abstract/MED/16799139
http://dx.doi.org/10.1093/gerona/61.6.575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16799139&dopt=Abstract
https://dx.doi.org/10.3177/jnsv.65.318
http://dx.doi.org/10.3177/jnsv.65.318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31474681&dopt=Abstract
https://www.tandfonline.com/doi/10.3402/fnr.v60.31526?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3402/fnr.v60.31526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27396399&dopt=Abstract
http://dx.doi.org/10.1002/mnfr.200700418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18481320&dopt=Abstract
http://dx.doi.org/10.1007/s11745-009-3326-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19655189&dopt=Abstract
https://europepmc.org/abstract/MED/30471562
http://dx.doi.org/10.1016/j.jnutbio.2018.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30471562&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0021-9258(20)79870-4
http://dx.doi.org/10.1074/jbc.M610028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17114179&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms17101605
http://dx.doi.org/10.3390/ijms17101605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27669218&dopt=Abstract
http://dx.doi.org/10.1111/jocd.12421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28952200&dopt=Abstract
http://dx.doi.org/10.1111/j.1755-148x.2010.00740.x
http://dx.doi.org/10.1016/s0891-5849(96)00346-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9119243&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Weber C, Podda M, Rallis M, Thiele JJ, Traber MG, Packer L. Efficacy of topically applied tocopherols and tocotrienols
in protection of murine skin from oxidative damage induced by UV-irradiation. Free Radical Biology and Medicine. Jan
1997;22(5):761-769. [doi: 10.1016/s0891-5849(96)00346-2] [Medline: 24394657]

42. Yamada Y, Obayashi M, Ishikawa T, Kiso Y, Ono Y, Yamashita K. Dietary tocotrienol reduces UVB-induced skin damage
and sesamin enhances tocotrienol effects in hairless mice. J Nutr Sci Vitaminol (Tokyo). Apr 2008;54(2):117-123. [FREE
Full text] [doi: 10.3177/jnsv.54.117] [Medline: 18490840]

43. Zaiden N, Yap W, Ong S, Xu C, Teo V, Chang C, et al. Gamma delta tocotrienols reduce hepatic triglyceride synthesis
and VLDL secretion. J Atheroscler Thromb. Oct 27, 2010;17(10):1019-1032. [FREE Full text] [doi: 10.5551/jat.4911]
[Medline: 20702976]

44. Ramanathan N, Tan E, Loh LJ, Soh BS, Yap WN. Tocotrienol is a cardioprotective agent against ageing-associated
cardiovascular disease and its associated morbidities. Nutr Metab (Lond). Jan 19, 2018;15(1):6. [FREE Full text] [doi:
10.1186/s12986-018-0244-4] [Medline: 29387138]

45. Kooyenga DK, Geller M, Watkins TR, Gapor A, Diakoumakis E, Bierenbaum ML. Palm oil antioxidant effects in patients
with hyperlipidaemia and carotid stenosis-2 year experience. Asia Pac J Clin Nutr. Mar 1997;6(1):72-75. [FREE Full text]
[Medline: 24394659]

46. Prasad K. Tocotrienols and cardiovascular health. Curr Pharm Des. Jul 01, 2011;17(21):2147-2154. [doi:
10.2174/138161211796957418] [Medline: 21774782]

47. Qureshi AA, Sami SA, Salser WA, Khan FA. Dose-dependent suppression of serum cholesterol by tocotrienol-rich fraction
(TRF25) of rice bran in hypercholesterolemic humans. Atherosclerosis. Mar 2002;161(1):199-207. [doi:
10.1016/s0021-9150(01)00619-0] [Medline: 11882333]

48. Rasool AHG, Rahman ARA, Yuen KH, Wong AR. Arterial compliance and vitamin E blood levels with a self emulsifying
preparation of tocotrienol rich vitamin E. Arch Pharm Res. Sep 30, 2008;31(9):1212-1217. [doi: 10.1007/s12272-001-1291-5]
[Medline: 18806966]

49. Du Q, Luo Z, Nuyt AM, Audibert F, Julien P, Wei S, et al. Vitamin A and E nutritional status in relation to leptin, adiponectin,
IGF-I and IGF-II in early life - a birth cohort study. Sci Rep. Jan 08, 2018;8(1):100. [FREE Full text] [doi:
10.1038/s41598-017-18531-3] [Medline: 29311590]

50. Shen X, Tang Q, Huang J, Cai W. Vitamin E regulates adipocytokine expression in a rat model of dietary-induced obesity.
Exp Biol Med (Maywood). Jan 01, 2010;235(1):47-51. [FREE Full text] [doi: 10.1258/ebm.2009.009122] [Medline:
20404018]

51. Krawczynska A, Olczak E, Rembiszewska A, Herman AP, Gromadzka-Ostrowska J. Time-dependent supplementation of
vitamin E influences leptin expression in the aortic layers of rats fed atherogenic diet. J Physiol Pharmacol. Feb
2014;65(1):33-39. [FREE Full text] [Medline: 24622827]

52. Xiong R, Li Q, Wan W, Guo J, Luo B, Gan L. Effects and mechanisms of vitamin A and vitamin E on the levels of serum
leptin and other related cytokines in rats with rheumatoid arthritis. Exp Ther Med. Aug 2014;8(2):499-504. [FREE Full
text] [doi: 10.3892/etm.2014.1777] [Medline: 25009608]

53. Ikeda S, Tohyama T, Yoshimura H, Hamamura K, Abe K, Yamashita K. Dietary alpha-tocopherol decreases alpha-tocotrienol
but not gamma-tocotrienol concentration in rats. J Nutr. Feb 2003;133(2):428-434. [doi: 10.1093/jn/133.2.428] [Medline:
12566479]

54. Fairus S, Nor RM, Cheng HM, Sundram K. Alpha-tocotrienol is the most abundant tocotrienol isomer circulated in plasma
and lipoproteins after postprandial tocotrienol-rich vitamin E supplementation. Nutr J. Jan 17, 2012;11:5. [FREE Full text]
[doi: 10.1186/1475-2891-11-5] [Medline: 22252050]

55. Shen C, Klein A, Chin K, Mo H, Tsai P, Yang R, et al. Tocotrienols for bone health: a translational approach. Ann N Y
Acad Sci. Aug 2017;1401(1):150-165. [doi: 10.1111/nyas.13449] [Medline: 28891093]

56. Shen C, Mo H, Yang S, Wang S, Felton CK, Tomison MD, et al. Safety and efficacy of tocotrienol supplementation for
bone health in postmenopausal women: protocol for a dose-response double-blinded placebo-controlled randomised trial.
BMJ Open. Dec 23, 2016;6(12):e012572. [FREE Full text] [doi: 10.1136/bmjopen-2016-012572] [Medline: 28011809]

57. Ima-Nirwana S, Suhaniza S. Effects of tocopherols and tocotrienols on body composition and bone calcium content in
adrenalectomized rats replaced with dexamethasone. J Med Food. Apr 2004;7(1):45-51. [doi: 10.1089/109662004322984699]
[Medline: 15117552]

58. Muhammad N, Luke DA, Shuid AN, Mohamed N, Soelaiman I. Two different isomers of vitamin e prevent bone loss in
postmenopausal osteoporosis rat model. Evid Based Complement Alternat Med. 2012;2012:161527-161527. [FREE Full
text] [doi: 10.1155/2012/161527] [Medline: 23118785]

59. Chin K, Ima-Nirwana S. The biological effects of tocotrienol on bone: a review on evidence from rodent models. DDDT.
Apr 2015:2049. [doi: 10.2147/dddt.s79660]

60. Brooks R, Kalia P, Ireland DC, Beeton C, Rushton N. Direct inhibition of osteoclast formation and activity by the vitamin
E isomer gamma-tocotrienol. Int J Vitam Nutr Res. Nov 2011;81(6):358-367. [FREE Full text] [doi:
10.1024/0300-9831/a000087] [Medline: 22673919]

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 15https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0891-5849(96)00346-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24394657&dopt=Abstract
http://japanlinkcenter.org/JST.JSTAGE/jnsv/54.117?from=PubMed
http://japanlinkcenter.org/JST.JSTAGE/jnsv/54.117?from=PubMed
http://dx.doi.org/10.3177/jnsv.54.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18490840&dopt=Abstract
http://joi.jlc.jst.go.jp/JST.JSTAGE/jat/4911?from=PubMed
http://dx.doi.org/10.5551/jat.4911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20702976&dopt=Abstract
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/s12986-018-0244-4
http://dx.doi.org/10.1186/s12986-018-0244-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29387138&dopt=Abstract
http://apjcn.nhri.org.tw/server/APJCN/6/1/72.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24394659&dopt=Abstract
http://dx.doi.org/10.2174/138161211796957418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21774782&dopt=Abstract
http://dx.doi.org/10.1016/s0021-9150(01)00619-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11882333&dopt=Abstract
http://dx.doi.org/10.1007/s12272-001-1291-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18806966&dopt=Abstract
https://doi.org/10.1038/s41598-017-18531-3
http://dx.doi.org/10.1038/s41598-017-18531-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29311590&dopt=Abstract
https://doi.org/10.1258/ebm.2009.009122
http://dx.doi.org/10.1258/ebm.2009.009122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20404018&dopt=Abstract
http://www.jpp.krakow.pl/journal/archive/02_14/pdf/33_02_14_article.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24622827&dopt=Abstract
https://europepmc.org/abstract/MED/25009608
https://europepmc.org/abstract/MED/25009608
http://dx.doi.org/10.3892/etm.2014.1777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25009608&dopt=Abstract
http://dx.doi.org/10.1093/jn/133.2.428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12566479&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-11-5
http://dx.doi.org/10.1186/1475-2891-11-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22252050&dopt=Abstract
http://dx.doi.org/10.1111/nyas.13449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28891093&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28011809
http://dx.doi.org/10.1136/bmjopen-2016-012572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28011809&dopt=Abstract
http://dx.doi.org/10.1089/109662004322984699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15117552&dopt=Abstract
https://europepmc.org/abstract/MED/23118785
https://europepmc.org/abstract/MED/23118785
http://dx.doi.org/10.1155/2012/161527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23118785&dopt=Abstract
http://dx.doi.org/10.2147/dddt.s79660
https://www.imrpress.com/journal/IJVNR/81/6/10.1024/0300-9831/a000087
http://dx.doi.org/10.1024/0300-9831/a000087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22673919&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


61. Ha H, Lee J, Kim H, Lee ZH. α-Tocotrienol inhibits osteoclastic bone resorption by suppressing RANKL expression and
signaling and bone resorbing activity. Biochem Biophys Res Commun. Mar 25, 2011;406(4):546-551. [doi:
10.1016/j.bbrc.2011.02.085] [Medline: 21352805]

62. Nizar AM, Nazrun AS, Norazlina M, Norliza M, Ima Nirwana S. Low dose of tocotrienols protects osteoblasts against
oxidative stress. Clin Ter. 2011;162(6):533-538. [Medline: 22262323]

63. Norazlina M, Ima-Nirwana S, Gapor M, Khalid B. Palm vitamin E is comparable to alpha-tocopherol in maintaining bone
mineral density in ovariectomised female rats. Exp Clin Endocrinol Diabetes. Dec 31, 2000;108(4):305-310. [doi:
10.1055/s-2000-7758] [Medline: 10961363]

64. Abdul-Majeed S, Mohamed N, Soelaiman I. A review on the use of statins and tocotrienols, individually or in combination
for the treatment of osteoporosis. Curr Drug Targets. Dec 31, 2013;14(13):1579-1590. [doi: 10.2174/13894501113149990193]
[Medline: 23848479]

65. Muhammad N, Luke DA, Shuid AN, Mohamed N, Soelaiman IN. Tocotrienol supplementation in postmenopausal
osteoporosis: evidence from a laboratory study. Clinics (Sao Paulo). Oct 2013;68(10):1338-1343. [FREE Full text] [doi:
10.6061/clinics/2013(10)08] [Medline: 24212841]

66. Norazlina M, Lee PL, Lukman HI, Nazrun AS, Ima-Nirwana S. Effects of vitamin E supplementation on bone metabolism
in nicotine-treated rats. Singapore Med J. Mar 2007;48(3):195-199. [FREE Full text] [Medline: 17342286]

67. Wan Nasri WN, Makpol S, Mazlan M, Tooyama I, Wan Ngah WZ, Damanhuri HA. Tocotrienol rich fraction supplementation
modulate brain hippocampal gene expression in APPswe/PS1dE9 Alzheimer’s disease mouse model. Journal of Alzheimer’s
Disease. Nov 28, 2018;70(s1):S239-S254. [doi: 10.3233/jad-180496]

68. Mazlan M, Hamezah HS, Taridi NM, Jing Y, Liu P, Zhang H, et al. Effects of aging and tocotrienol-rich fraction
supplementation on brain arginine metabolism in rats. Oxid Med Cell Longev. Nov 19, 2017;2017(1):6019796. [FREE
Full text] [doi: 10.1155/2017/6019796] [Medline: 29348790]

69. Sen CK, Rink C, Khanna S. Palm oil-derived natural vitamin E alpha-tocotrienol in brain health and disease. J Am Coll
Nutr. Jun 2010;29(3 Suppl):314S-323S. [FREE Full text] [doi: 10.1080/07315724.2010.10719846] [Medline: 20823491]

70. Yatin SM, Varadarajan S, Link CD, Butterfield DA. In vitro and in vivo oxidative stress associated with Alzheimer's
amyloid beta-peptide (1-42). Neurobiol Aging. 1999;20(3):325-30; discussion 339. [doi: 10.1016/s0197-4580(99)00056-1]
[Medline: 10588580]

71. Khanna S, Roy S, Parinandi NL, Maurer M, Sen CK. Characterization of the potent neuroprotective properties of the natural
vitamin E alpha-tocotrienol. J Neurochem. Sep 2006;98(5):1474-1486. [FREE Full text] [doi:
10.1111/j.1471-4159.2006.04000.x] [Medline: 16923160]

72. Teo CWL, Png SJY, Ung YW, Yap WN. Therapeutic effects of intranasal tocotrienol-rich fraction on rhinitis symptoms
in platelet-activating factor induced allergic rhinitis. Allergy Asthma Clin Immunol. Jun 13, 2022;18(1):52. [FREE Full
text] [doi: 10.1186/s13223-022-00695-x] [Medline: 35698169]

73. Par R, Teo C, Tan J, Ung Y, Heng K, Hang L, et al. An open-label, single-arm pilot study of tocotrienols supplementation
on improving memory and attention in healthy young adults. Journal of Functional Foods. May 2022;92:105055. [FREE
Full text] [doi: 10.1016/j.jff.2022.105055]

74. Nor Azman NHE, Goon JA, Abdul Ghani SM, Hamid Z, Wan Ngah WZ. Comparing palm oil, tocotrienol-rich fraction
and α-tocopherol supplementation on the antioxidant levels of older adults. Antioxidants (Basel). May 28, 2018;7(6):1.
[FREE Full text] [doi: 10.3390/antiox7060074] [Medline: 29843393]

75. Goon JA, Nor Azman NHE, Abdul Ghani SM, Hamid Z, Wan Ngah WZ. Comparing palm oil tocotrienol rich fraction with
α-tocopherol supplementation on oxidative stress in healthy older adults. Clin Nutr ESPEN. Oct 2017;21:1-12. [doi:
10.1016/j.clnesp.2017.07.004] [Medline: 30014863]

76. Siveen KS, Ahn KS, Ong TH, Shanmugam MK, Li F, Yap WN, et al. Y-tocotrienol inhibits angiogenesis-dependent growth
of human hepatocellular carcinoma through abrogation of AKT/mTOR pathway in an orthotopic mouse model. Oncotarget.
Apr 15, 2014;5(7):1897-1911. [FREE Full text] [doi: 10.18632/oncotarget.1876] [Medline: 24722367]

77. Manu K, Shanmugam M, Ramachandran L, Li F, Fong C, Kumar A, et al. First evidence that γ-tocotrienol inhibits the
growth of human gastric cancer and chemosensitizes it to capecitabine in a xenograft mouse model through the modulation
of NF-κB pathway. Clin Cancer Res. Apr 15, 2012;18(8):2220-2229. [FREE Full text] [doi:
10.1158/1078-0432.CCR-11-2470] [Medline: 22351692]

78. Luk SU, Yap WN, Chiu Y, Lee DT, Ma S, Lee TKW, et al. Gamma-tocotrienol as an effective agent in targeting prostate
cancer stem cell-like population. Int J Cancer. May 01, 2011;128(9):2182-2191. [doi: 10.1002/ijc.25546] [Medline:
20617516]

79. Yap WN, Zaiden N, Tan YL, Ngoh CP, Zhang XW, Wong Y, et al. Id1, inhibitor of differentiation, is a key protein mediating
anti-tumor responses of gamma-tocotrienol in breast cancer cells. Cancer Lett. May 28, 2010;291(2):187-199. [doi:
10.1016/j.canlet.2009.10.012] [Medline: 19926394]

80. Ghani SMA, Goon JA, Azman NHEN, Zakaria SNA, Hamid Z, Ngah WZW. Comparing the effects of vitamin E
tocotrienol-rich fraction supplementation and α-tocopherol supplementation on gene expression in healthy older adults.
Clinics (Sao Paulo). Mar 07, 2019;74:e688. [FREE Full text] [doi: 10.6061/clinics/2019/e688] [Medline: 30864639]

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 16https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.bbrc.2011.02.085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21352805&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22262323&dopt=Abstract
http://dx.doi.org/10.1055/s-2000-7758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10961363&dopt=Abstract
http://dx.doi.org/10.2174/13894501113149990193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23848479&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1807-5932(22)02966-0
http://dx.doi.org/10.6061/clinics/2013(10)08
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24212841&dopt=Abstract
http://smj.sma.org.sg/4803/4803a2.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17342286&dopt=Abstract
http://dx.doi.org/10.3233/jad-180496
https://europepmc.org/abstract/MED/29348790
https://europepmc.org/abstract/MED/29348790
http://dx.doi.org/10.1155/2017/6019796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29348790&dopt=Abstract
https://europepmc.org/abstract/MED/20823491
http://dx.doi.org/10.1080/07315724.2010.10719846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20823491&dopt=Abstract
http://dx.doi.org/10.1016/s0197-4580(99)00056-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10588580&dopt=Abstract
https://europepmc.org/abstract/MED/16923160
http://dx.doi.org/10.1111/j.1471-4159.2006.04000.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16923160&dopt=Abstract
https://aacijournal.biomedcentral.com/articles/10.1186/s13223-022-00695-x
https://aacijournal.biomedcentral.com/articles/10.1186/s13223-022-00695-x
http://dx.doi.org/10.1186/s13223-022-00695-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35698169&dopt=Abstract
https://doi.org/10.1016/j.jff.2022.105055
https://doi.org/10.1016/j.jff.2022.105055
http://dx.doi.org/10.1016/j.jff.2022.105055
https://www.mdpi.com/resolver?pii=antiox7060074
http://dx.doi.org/10.3390/antiox7060074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29843393&dopt=Abstract
http://dx.doi.org/10.1016/j.clnesp.2017.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30014863&dopt=Abstract
https://www.oncotarget.com/lookup/doi/10.18632/oncotarget.1876
http://dx.doi.org/10.18632/oncotarget.1876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24722367&dopt=Abstract
https://research-repository.uwa.edu.au/en/publications/first-evidence-that-y-tocotrienol-inhibits-the-growth-of-human-ga
http://dx.doi.org/10.1158/1078-0432.CCR-11-2470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22351692&dopt=Abstract
http://dx.doi.org/10.1002/ijc.25546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20617516&dopt=Abstract
http://dx.doi.org/10.1016/j.canlet.2009.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19926394&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1807-5932(22)00635-4
http://dx.doi.org/10.6061/clinics/2019/e688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30864639&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


81. Heng EC, Karsani SA, Abdul Rahman M, Abdul Hamid NA, Hamid Z, Wan Ngah WZ. Supplementation with tocotrienol-rich
fraction alters the plasma levels of apolipoprotein A-I precursor, apolipoprotein E precursor, and C-reactive protein precursor
from young and old individuals. Eur J Nutr. Oct 4, 2013;52(7):1811-1820. [doi: 10.1007/s00394-012-0485-3] [Medline:
23287846]

82. Mahalingam D, Radhakrishnan AK, Amom Z, Ibrahim N, Nesaretnam K. Effects of supplementation with tocotrienol-rich
fraction on immune response to tetanus toxoid immunization in normal healthy volunteers. Eur J Clin Nutr. Jan 22,
2011;65(1):63-69. [doi: 10.1038/ejcn.2010.184] [Medline: 20859299]

83. Chin S, Ibahim J, Makpol S, Abdul Hamid NA, Abdul Latiff A, Zakaria Z, et al. Tocotrienol rich fraction supplementation
improved lipid profile and oxidative status in healthy older adults: a randomized controlled study. Nutr Metab (Lond). Jun
24, 2011;8(1):42. [FREE Full text] [doi: 10.1186/1743-7075-8-42] [Medline: 21702918]

84. Radhakrishnan AK, Lee A, Wong P, Kaur J, Aung H, Nesaretnam K. Daily supplementation of tocotrienol-rich fraction
or α-tocopherol did not induce immunomodulatory changes in healthy human volunteers. Br J Nutr. Aug 15,
2008;101(6):810-815. [doi: 10.1017/s0007114508039998]

85. Pallast EG, Schouten EG, de Waart FG, Fonk HC, Doekes G, von Blomberg BM, et al. Effect of 50- and 100-mg vitamin
E supplements on cellular immune function in noninstitutionalized elderly persons. Am J Clin Nutr. Jun
1999;69(6):1273-1281. [doi: 10.1093/ajcn/69.6.1273] [Medline: 10357750]

86. Meydani SN, Meydani M, Blumberg JB, Leka LS, Pedrosa M, Diamond R, et al. Assessment of the safety of supplementation
with different amounts of vitamin E in healthy older adults. Am J Clin Nutr. Aug 1998;68(2):311-318. [doi:
10.1093/ajcn/68.2.311] [Medline: 9701188]

87. Meydani SN, Meydani M, Blumberg JB, Leka LS, Siber G, Loszewski R, et al. Vitamin E supplementation and in vivo
immune response in healthy elderly subjects. A randomized controlled trial. JAMA. May 07, 1997;277(17):1380-1386.
[doi: 10.1001/jama.1997.03540410058031] [Medline: 9134944]

88. NutraSource. Generally Recognized As Safe (GUS) Determination for the Use of Palm Tocotrienol Rich Fractions (TRF)
as Ingredients in Food. KLK OLEO. 2009. URL: https://www.klkoleo.com/davoslife/wp-content/uploads/2017/04/
GRAS-determination-for-the-use-of-palm-tocotrienol-rich-fractions-as-ingredient-in-food.compressed.pdf [accessed
2025-08-12]

89. Misra S. Randomized double blind placebo control studies, the "gold standard" in intervention based studies. Indian J Sex
Transm Dis AIDS. Jul 2012;33(2):131-134. [FREE Full text] [doi: 10.4103/0253-7184.102130] [Medline: 23188942]

90. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, et al. Oxidative stress, aging, and diseases. CIA. Apr
2018;Volume 13:757-772. [doi: 10.2147/cia.s158513]

91. Malavolta M, Pierpaoli E, Giacconi R, Basso A, Cardelli M, Piacenza F, et al. Anti-inflammatory activity of tocotrienols
in age-related pathologies: a SASPected involvement of cellular senescence. Biol Proced Online. 2018;20:22. [FREE Full
text] [doi: 10.1186/s12575-018-0087-4] [Medline: 30479579]

92. Chung E, Elmassry MM, Kottapalli P, Kottapalli KR, Kaur G, Dufour JM, et al. Metabolic benefits of annatto-extracted
tocotrienol on glucose homeostasis, inflammation, and gut microbiome. Nutr Res. May 2020;77:97-107. [FREE Full text]
[doi: 10.1016/j.nutres.2020.04.001] [Medline: 32438021]

93. Morgan NR, Magalingam KB, Radhakrishnan AK, Arumugam M, Jamil A, Bhuvanendran S. Explicating the multifunctional
roles of tocotrienol and squalene in promoting skin health. Skin Health Dis. Oct 2024;4(5):e448. [doi: 10.1002/ski2.448]
[Medline: 39355739]

94. Yatin SM, Varadarajan S, Butterfield DA. Vitamin E prevents Alzheimer's amyloid beta-peptide (1-42)-induced neuronal
protein oxidation and reactive oxygen species production. J Alzheimers Dis. Jun 2000;2(2):123-131. [doi:
10.3233/jad-2000-2212] [Medline: 12214102]

95. Qureshi AA, Mo H, Packer L, Peterson DM. Isolation and identification of novel tocotrienols from rice bran with
hypocholesterolemic, antioxidant, and antitumor properties. J Agric Food Chem. Aug 2000;48(8):3130-3140. [doi:
10.1021/jf000099t] [Medline: 10956081]

96. Budin SB, Othman F, Louis SR, Bakar MA, Das S, Mohamed J. The effects of palm oil tocotrienol-rich fraction
supplementation on biochemical parameters, oxidative stress and the vascular wall of streptozotocin-induced diabetic rats.
Clinics (Sao Paulo). 2009;64(3):235-244. [FREE Full text] [doi: 10.1590/s1807-59322009000300015] [Medline: 19330251]

97. Tan BL, Norhaizan ME, Liew W, Sulaiman Rahman H. Antioxidant and oxidative stress: a mutual interplay in age-related
diseases. Front Pharmacol. Oct 16, 2018;9:1162. [FREE Full text] [doi: 10.3389/fphar.2018.01162] [Medline: 30405405]

98. Razali R, Jean-Li L, Jaffar A, Ahmad M, Shah SA, Ibrahim N, et al. Is the Bahasa Malaysia version of the Montreal
Cognitive Assessment (MoCA-BM) a better instrument than the Malay version of the Mini Mental State Examination
(M-MMSE) in screening for mild cognitive impairment (MCI) in the elderly? Compr Psychiatry. Jan 2014;55 Suppl
1:S70-S75. [doi: 10.1016/j.comppsych.2013.04.010] [Medline: 24314103]

99. Shukor MFA, Musthafa QA, Mohd Yusof YA, Wan Ngah WZ, Ismail NAS. Biomarkers for premature coronary artery
disease (PCAD): a case control study. Diagnostics (Basel). Jan 04, 2023;13(2):1. [FREE Full text] [doi:
10.3390/diagnostics13020188] [Medline: 36672997]

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 17https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1007/s00394-012-0485-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23287846&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2010.184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20859299&dopt=Abstract
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-7075-8-42
http://dx.doi.org/10.1186/1743-7075-8-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21702918&dopt=Abstract
http://dx.doi.org/10.1017/s0007114508039998
http://dx.doi.org/10.1093/ajcn/69.6.1273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10357750&dopt=Abstract
http://dx.doi.org/10.1093/ajcn/68.2.311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9701188&dopt=Abstract
http://dx.doi.org/10.1001/jama.1997.03540410058031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9134944&dopt=Abstract
https://www.klkoleo.com/davoslife/wp-content/uploads/2017/04/GRAS-determination-for-the-use-of-palm-tocotrienol-rich-fractions-as-ingredient-in-food.compressed.pdf
https://www.klkoleo.com/davoslife/wp-content/uploads/2017/04/GRAS-determination-for-the-use-of-palm-tocotrienol-rich-fractions-as-ingredient-in-food.compressed.pdf
https://europepmc.org/abstract/MED/23188942
http://dx.doi.org/10.4103/0253-7184.102130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23188942&dopt=Abstract
http://dx.doi.org/10.2147/cia.s158513
https://biologicalproceduresonline.biomedcentral.com/articles/10.1186/s12575-018-0087-4
https://biologicalproceduresonline.biomedcentral.com/articles/10.1186/s12575-018-0087-4
http://dx.doi.org/10.1186/s12575-018-0087-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30479579&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0271-5317(19)30777-8
http://dx.doi.org/10.1016/j.nutres.2020.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32438021&dopt=Abstract
http://dx.doi.org/10.1002/ski2.448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39355739&dopt=Abstract
http://dx.doi.org/10.3233/jad-2000-2212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12214102&dopt=Abstract
http://dx.doi.org/10.1021/jf000099t
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10956081&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1807-5932(22)02676-X
http://dx.doi.org/10.1590/s1807-59322009000300015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19330251&dopt=Abstract
https://europepmc.org/abstract/MED/30405405
http://dx.doi.org/10.3389/fphar.2018.01162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30405405&dopt=Abstract
http://dx.doi.org/10.1016/j.comppsych.2013.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24314103&dopt=Abstract
https://www.mdpi.com/resolver?pii=diagnostics13020188
http://dx.doi.org/10.3390/diagnostics13020188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36672997&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


100. Gottlieb A, Doniger GM, Kimel-Naor S, Ben-Gal O, Cohen M, Iny H, et al. Development and validation of virtual
reality-based Rey Auditory Verbal Learning Test. Front Aging Neurosci. Sep 14, 2022;14:980093. [FREE Full text] [doi:
10.3389/fnagi.2022.980093] [Medline: 36185470]

101. Bopp KL, Verhaeghen P. Aging and verbal memory span: a meta-analysis. J Gerontol B Psychol Sci Soc Sci. Sep 01,
2005;60(5):P223-P233. [doi: 10.1093/geronb/60.5.p223] [Medline: 16131616]

102. El-Hak HNG, ELaraby EE, Hassan AK, Abbas OA. Study of the toxic effect and safety of vitamin E supplement in male
albino rats after 30 days of repeated treatment. Heliyon. Oct 2019;5(10):e02645. [FREE Full text] [doi:
10.1016/j.heliyon.2019.e02645] [Medline: 31667433]

103. Ismail Z, Ahmad WIW, Hamjah SH, Astina IK. The impact of population ageing: a review. Iran J Public Health. Dec 06,
2021;50(12):2451-2460. [FREE Full text] [doi: 10.18502/ijph.v50i12.7927] [Medline: 36317043]

104. Goodwin V, Low M, Quinn T, Cockcroft E, Shepherd V, Evans P, et al. Including older people in health and social care
research: best practice recommendations based on the INCLUDE framework. Age Ageing. Jun 01, 2023;52(6):a. [FREE
Full text] [doi: 10.1093/ageing/afad082] [Medline: 37261448]

Abbreviations
αTP: alpha tocopherol
AGE: advanced glycation end product
CRF: case report form
CRP: C-reactive protein
DEXA: dual-energy X-ray absorptiometry
F2-IsoPs: F2-isoprostanes
IL-6: interleukin-6
IP: intervention product
MDA: malondialdehyde
MoCA: Montreal Cognitive Assessment
NF-κB: nuclear factor kappa B
PC: protein carbonyl
PI: principal investigator
RAVLT: Rey Auditory Verbal Learning Test
RONS: reactive oxygen and nitrogen species
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
STAT-3: signal transducer and activator of the transcription-3
TNF-α:  tumor necrosis factor α
TRF: tocotrienol-rich fraction

Edited by J Sarvestan; submitted 24.Feb.2025; peer-reviewed by S Chusri, C Udensi, CP Agu; comments to author 19.Mar.2025;
revised version received 09.May.2025; accepted 25.Jul.2025; published 23.Sep.2025

Please cite as:
Amir Razak NAN, Goon JA, Wan Ngah WZ, Makpol S, Ahmad Damanhuri MH, Ibrahim NF, Abdul Sani NF, Mohd Murshid N, Mohd
Azizan AF, Chin KY, Aminuddin A, Mohd Yunus MH, Md Mansor M, Neo JRE, Yap WN, Loong HY, Ung YW
Effectiveness of Tocotrienol-Rich Fraction in Older Adults: Protocol for a Randomized, Double-Blind, Placebo-Controlled Trial
JMIR Res Protoc 2025;14:e73039
URL: https://www.researchprotocols.org/2025/1/e73039
doi: 10.2196/73039
PMID:

©Nor Amira Nabila Amir Razak, Jo Aan Goon, Wan Zurinah Wan Ngah, Suzana Makpol, Mohd Hanafi Ahmad Damanhuri,
Nor Faeizah Ibrahim, Nur Fathiah Abdul Sani, Nuraqila Mohd Murshid, Anis Faqihah Mohd Azizan, Kok Yong Chin, Amilia
Aminuddin, Mohd Heikal Mohd Yunus, Munirah Md Mansor, Juvenia Rui En Neo, Wei Ney Yap, Hsieu Yen Loong, Yee Wei
Ung. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 23.Sep.2025. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2025 | vol. 14 | e73039 | p. 18https://www.researchprotocols.org/2025/1/e73039
(page number not for citation purposes)

Amir Razak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/36185470
http://dx.doi.org/10.3389/fnagi.2022.980093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36185470&dopt=Abstract
http://dx.doi.org/10.1093/geronb/60.5.p223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16131616&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(19)36305-4
http://dx.doi.org/10.1016/j.heliyon.2019.e02645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31667433&dopt=Abstract
https://europepmc.org/abstract/MED/36317043
http://dx.doi.org/10.18502/ijph.v50i12.7927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36317043&dopt=Abstract
https://europepmc.org/abstract/MED/37261448
https://europepmc.org/abstract/MED/37261448
http://dx.doi.org/10.1093/ageing/afad082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37261448&dopt=Abstract
https://www.researchprotocols.org/2025/1/e73039
http://dx.doi.org/10.2196/73039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

