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Abstract

On a global level, cardiovascular disease remains a key contributor to health
complications and mortality, prompting increasing scientific interest in nutritional
bioactive compounds associated with cardiovascular risk modulation. Derived from
palm oil and categorized as part of the vitamin E family, TRF has attracted
attention for its possible benefits in reducing oxidative stress, suppressing
inflammation, and regulating lipid metabolism. This investigation systematically
analyzed evidence obtained from randomized controlled trials to clarify the
relationship between TRF supplementation and cardiovascular health indicators. A
Systematic Literature Review (SLR) following PRISMA recommendations was
conducted using secondary data obtained solely from Scopus and PubMed. Article
identification and selection were conducted through structured screening, eligibility
assessment, and duplicate removal processes. A total of 33 randomized controlled
trials published between 2019 and 2025 fulfilled all predefined inclusion criteria.
Bibliographic management and data organization were conducted using Mendeley
Desktop, while data analysis applied a structured thematic synthesis approach. The
findings demonstrated recurring improvements in lipid profile parameters, oxidative
stress biomarkers, inflammatory mediators, endothelial function, vascular
responsiveness, blood pressure regulation, and metabolic risk indicators following
TRF supplementation. Several studies also reported favorable safety and
tolerability outcomes within the supplementation range of 50-400 mg/day. Overall,
the reviewed evidence indicates growing scientific relevance of palm-derived TRF in
cardiovascular and metabolic health research. Future studies should prioritize larger
populations, longer intervention durations, and standardized cardiovascular
outcome assessments.

Introduction

Globally, CVD remains among the primary contributors to mortality and persistent
disability, representing a substantial public health burden across both developed and
developing countries. The increasing prevalence of coronary artery disease, hypertension,
stroke, atherosclerosis, and metabolic syndrome has been closely associated with
demographic transitions, sedentary lifestyles, population aging, dietary imbalance,
obesity, and chronic metabolic disturbances. In recent decades, cardiovascular-related
morbidity has continued to rise alongside the growing incidence of dyslipidemia, insulin
resistance, chronic inflammation, and endothelial dysfunction, all of which are recognized
as major risk factors contributing to cardiovascular deterioration. In addition to clinical
implications, cardiovascular disorders also generate considerable socioeconomic
consequences due to prolonged treatment costs, reduced productivity, and increased
healthcare utilization worldwide [1].
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The pathophysiology of cardiovascular disease is multifactorial
and involves complex interactions among oxidative stress,
inflammatory activation, lipid metabolism abnormalities, vascular
impairment, and mitochondrial dysfunction. Considerable
scientific emphasis has been placed on oxidative stress, as excessive
reactive oxygen species (ROS) generation may enhance endothelial
cell damage, lipid oxidation, inflammatory vascular changes, and
atherosclerotic plaque growth. Chronic inflammatory processes
further contribute to vascular remodeling and arterial stiffness
through the activation of cytokines, adhesion molecules, and pro-
Consequently,

emphasis has been directed toward identifying nutritional and

inflammatory signaling pathways. increasing
bioactive compounds capable of modulating oxidative and
inflammatory pathways associated with cardiovascular risk

progression [2].

In the context of preventive cardiology and nutritional science,
bioactive compounds belonging to the vitamin E family have
attracted attention for their antioxidant and functional biological
properties. The classification of vitamin E encompasses
tocopherols as well as tocotrienols, both of which possess distinct
structural and functional characteristics. Compared with
tocopherols, tocotrienols contain an unsaturated isoprenoid side
chain that may influence membrane penetration, antioxidant
distribution, and cellular signaling activity [3]. Previous
biochemical and experimental investigations have suggested that
tocotrienols may exhibit biological activities associated with lipid
regulation, anti-inflammatory responses, antioxidant protection,
and vascular modulation. These properties have attracted
increasing scientific interest regarding the potential implications of
tocotrienol supplementation in cardiovascular health management

and metabolic disease prevention [4].

In the context of nutritional and biomedical sciences, palm oil-
derived TRF represents one of the most thoroughly examined
natural sources of tocotrienols. Several tocotrienol isomers are
found in palm-derived TRF, particularly alpha-, beta-, gamma-,
and delta-tocotrienol, alongside modest levels of tocopherols. Due
to its naturally occurring composition, palm-derived TRF has been
utilized in numerous clinical and experimental studies evaluating
antioxidant capacity, lipid metabolism, inflammatory modulation,
endothelial responses, and metabolic outcomes. In recent years,
scientific attention toward palm-derived tocotrienols has increased
considerably, particularly in relation to cardiovascular-related
biomarkers and chronic disease prevention strategies [5].

Several mechanistic studies have indicated that tocotrienols may
contribute to cardiovascular regulation through multiple biological
These
hydroxymethylglutaryl-coenzyme A

pathways. mechanisms  include  suppression  of
(HMG-CoA)

activity, reduction of oxidative lipid damage, modulation of

reductase

inflammatory mediators, improvement of endothelial nitric oxide
bioavailability, and attenuation of vascular oxidative stress [6].
Tocotrienols have additionally been associated with regulation of
cytokine expression, inhibition of inflammatory signaling
cascades, and enhancement of endogenous antioxidant defense
systems. Such mechanisms have positioned tocotrienols as
compounds of growing interest within the broader context of
functional foods, nutraceutical development, and cardiovascular

risk management research.

Despite increasing scientific interest, the available evidence
concerning tocotrienol-rich fraction and cardiovascular health
outcomes remains heterogeneous across clinical investigations.
Existing studies vary considerably in terms of intervention dosage,
supplementation duration, participant characteristics, baseline
cardiovascular ~ conditions, measured  biomarkers, and
methodological design [7]. Positive outcomes involving low-
density lipoprotein cholesterol, oxidative stress markers,
inflammatory mediators, and endothelial function have been
of TRF

supplementation, while other studies yielded conflicting or less

reported in some randomized controlled trials
substantial results. Variability in study populations, sample sizes,
dietary background, and concurrent metabolic conditions further

complicates the interpretation of current evidence [8].

In addition to inconsistencies in outcome measurements, previous
review studies concerning tocotrienols have frequently combined
evidence derived from animal studies, in vitro experiments,
observational studies, and mixed nutritional interventions without
specifically focusing on randomized controlled trials involving
cardiovascular endpoints [9]. Although such reviews contribute
valuable mechanistic  perspectives, the integration of
heterogeneous evidence sources may limit the ability to evaluate
clinically relevant outcomes associated with human intervention
studies. Moreover, several existing reviews have examined vitamin
E compounds collectively without distinguishing the specific
effects of palm-derived tocotrienol-rich fraction from other
mixed antioxidant

tocopherol-dominant  formulations or

interventions.

The growing number of randomized controlled trials published in
recent years highlights the need for a more focused and
methodologically structured synthesis of evidence specifically
addressing palm-derived TRF and cardiovascular outcomes.
Randomized controlled trials represent one of the most reliable
clinical research designs for evaluating intervention effectiveness,
supplementation safety, and biomarker responses under
controlled conditions. Therefore, synthesizing evidence derived
exclusively from randomized controlled trials may provide a
clearer understanding regarding the consistency, magnitude, and

clinical relevance of cardiovascular responses associated with
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palm-derived tocotrienol supplementation [10].

Furthermore, the increasing global interest in functional food
ingredients and nutraceutical-based preventive strategies has
intensified scientific discussions regarding the role of naturally
derived bioactive compounds in long-term cardiovascular health
maintenance. Within this context, palm-derived tocotrienol-rich
fraction continues to receive attention due to its biochemical
composition and potential physiological relevance. Nevertheless,
scientific interpretation of available findings requires balanced
evaluation grounded in clinical evidence rather than generalized
assumptions or isolated mechanistic observations. Accordingly,
systematic evidence synthesis remains important to clarify current
research patterns, identify emerging trends, and evaluate the
overall direction of findings reported in contemporary
randomized controlled trials [11].

From a methodological perspective, Systematic Literature Review
(SLR) approaches provide an important framework for
organizing, evaluating, and synthesizing scientific evidence in a
transparent and reproducible manner. The implementation of
PRISMA-based protocols supports an organized approach to the
identification, screening, eligibility assessment, and inclusion of
peer-reviewed articles relevant to established research goals.
Through systematic synthesis, SLR methodology may facilitate
comprehensive evaluation of  intervention outcomes,
methodological characteristics, and recurring themes emerging
across clinical investigations. Notably, the present investigation
utilizes exclusively secondary evidence obtained from scientific
publications and does not involve direct primary data collection
methods such as field observation, interviews, or focus group
discussions, thereby ensuring methodological coherence with

evidence-based review standards.

In response to these considerations, the current study undertakes
a systematic synthesis and evaluation of randomized controlled
trials exploring the relationship between palm oil-derived TRF
supplementation and cardiovascular health outcomes. This review
specifically focuses on clinical findings associated with lipid
metabolism, oxidative stress biomarkers, inflammatory responses,
vascular function, blood pressure regulation, metabolic
parameters, and supplementation safety observed across
contemporary human intervention studies. Through a structured
PRISMA-based systematic literature review approach, this study
is expected to provide a comprehensive overview of current
scientific evidence while identifying recurring patterns and

research gaps within the existing body of literature.

Accordingly, the present review addresses the following research
questions:

RQI1: How does palm oil-derived tocotrienol-rich fraction
supplementation influence cardiovascular-related biomarkers and
clinical outcomes in randomized controlled trials?

RQ2: What recurring patterns, consistencies, and variations can
be identified across contemporary randomized controlled trials
investigating the cardiovascular implications of tocotrienol-rich
fraction supplementation?

Literature Review

The literature concerning tocotrienol-rich fraction (TRF) and
cardiovascular health has expanded considerably in recent years
alongside growing scientific interest in functional bioactive
compounds derived from natural sources. Previous studies have
explored various aspects related to tocotrienol biochemistry,
antioxidant activity, lipid metabolism, inflammatory modulation,
endothelial regulation, and vascular responses associated with
cardiovascular risk factors. Nevertheless, the available evidence
remains heterogeneous due to differences in study populations,
intervention protocols, supplementation dosages, and evaluated
biomarkers. Accordingly, this literature review discusses several
major themes relevant to the present study, including the
biological characteristics of tocotrienols within the vitamin E
family, oxidative stress mechanisms in cardiovascular disease, the
properties of palm oil-derived tocotrienol-rich fraction, lipid
metabolism regulation, inflammatory and vascular responses,
randomized controlled trials in tocotrienol research, and the
existing research gap underlying the need for a systematic
synthesis of contemporary clinical evidence.

Tocotrienol and the Vitamin E Family

Classified as lipid-soluble bioactive substances, vitamin E
compounds are divided into two principal categories: tocopherols
and tocotrienols. Variations in the number and location of methyl
groups on the chromanol ring give rise to alpha-, beta-, gamma-,
and delta-isomers within both subclasses. Even though
tocotrienols and tocopherols display similar antioxidant behavior,
tocotrienols are structurally defined by an unsaturated isoprenoid
side chain, unlike the saturated phytyl tail of tocopherols. These
structural distinctions are considered important because they may
influence membrane mobility, intracellular distribution, and
interaction with lipid bilayers within biological systems [12].

Scientific attention toward tocotrienols has increased substantially
during the last two decades due to emerging evidence indicating
that tocotrienols may exhibit broader biological activities beyond
conventional antioxidant functions. In addition to scavenging free
radicals, tocotrienols have been associated with modulation of
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inflammatory pathways, cholesterol biosynthesis, endothelial
regulation, and cellular signaling mechanisms involved in chronic
disease progression. Several biochemical studies have suggested
that tocotrienols may demonstrate greater membrane penetration
efficiency compared with tocopherols due to their unsaturated
side chain configuration, thereby potentially enhancing biological
interaction at the cellular level [13].

Considerable scientific interest has been directed toward palm oil-
derived TRF, making it one of the most extensively examined
natural tocotrienol sources in nutritional and biomedical research.
Palm-derived TRF generally contains a mixture of tocotrienol
isomers accompanied by lower concentrations of tocopherols. The
biochemical composition of palm-derived TRF has generated
interest in its potential application within preventive nutrition and
functional food development, particularly in relation to oxidative
stress-associated disorders and cardiovascular health management
[14].

Cardiovascular Disease and Oxidative Stress Mechanisms

Cardiovascular disease remains closely associated with chronic
oxidative stress and inflammatory dysregulation. Excessive ROS
formation may contribute to vascular endothelial impairment,
inflammatory responses, lipid oxidation, and the gradual
development of atherosclerotic changes. Oxidative imbalance may
additionally impair nitric oxide bioavailability, leading to vascular
stiffness and reduced endothelial responsiveness. Consequently,
antioxidant-related  interventions have increasingly been
investigated as potential supportive approaches for maintaining

cardiovascular homeostasis [15].

Oxidized low-density lipoprotein (ox-LDL) is considered one of
the major contributors to atherogenic progression because
oxidized lipids may stimulate macrophage activation, foam cell
formation, and vascular inflammatory cascades. Alongside these
processes, chronic inflammatory biomarkers including TNF-a,
IL-6, and CRP have been implicated in the progression of
These
interconnected mechanisms highlight the multifactorial nature of

vascular damage and endothelial impairment.
cardiovascular disease progression and reinforce the importance
of examining bioactive compounds capable of modulating

oxidative and inflammatory pathways [16].

Due to their reported antioxidant and anti-inflammatory
activities, tocotrienols have become a significant subject of
scientific interest in this context. Experimental findings have
suggested that tocotrienols may inhibit lipid peroxidation,
stabilize cellular membranes, reduce oxidative biomarker
accumulation, and influence inflammatory signaling activity.

Although mechanistic observations derived from laboratory
studies cannot be directly generalized to clinical outcomes, these
findings have contributed to growing interest in evaluating
within  human

tocotrienol-rich  fraction supplementation

cardiovascular research settings.

Palm Oil-Derived Tocotrienol-Rich Fraction

One of the major naturally occurring sources of tocotrienols is
palm oil, especially in the form of a tocotrienol-rich fraction
derived from palm sources. The oil palm fruit contains various
phytonutrients including carotenoids, tocopherols, tocotrienols,
and other lipid-soluble compounds that have attracted increasing
interest in food science and nutritional research. The tocotrienol-
rich fraction extracted from palm oil generally contains gamma-
and alpha-tocotrienol as dominant isomers accompanied by
smaller quantities of delta- and beta-tocotrienol [17].

Scientific interest in palm-derived TRF has risen partly as a result
of its potential contribution to metabolic and cardiovascular
research. Evidence from several studies indicates that tocotrienols
may influence endogenous cholesterol synthesis by suppressing
the activity of HMG-CoA reductase, a crucial enzyme in
cholesterol metabolism. In addition, tocotrienols have been
investigated for their possible role in modulating oxidative stress
biomarkers, inflammatory mediators, endothelial responses, and
vascular homeostasis [18].

Scientific investigation concerning palm-derived tocotrienols has
also expanded alongside the broader development of nutraceutical
studies, TRF
supplementation has been evaluated as part of dietary
strategies
hypercholesterolemia, obesity, metabolic syndrome, hypertension,

and functional food research. In many

intervention involving individuals with
and type 2 diabetes mellitus. These populations are frequently
selected because of their close association with elevated
cardiovascular risk profiles and chronic metabolic disturbances

[19].

Despite increasing scientific interest, current evidence regarding
palm-derived TRF remains heterogeneous. Variability in
intervention dosage, supplementation duration, participant
characteristics, baseline metabolic conditions, and measured
cardiovascular endpoints may contribute to differences in
reported findings across studies. Such heterogeneity underscores
the importance of systematically synthesizing evidence obtained
from controlled human intervention studies.
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Tocotrienol and Lipid Metabolism

One of the most frequently investigated aspects of tocotrienol
research involves lipid metabolism and cholesterol regulation.
Several studies have reported that tocotrienols may influence
serum lipid profiles through modulation of cholesterol
biosynthesis pathways. Experimental evidence has indicated that
tocotrienols may suppress HMG-CoA reductase activity through
post-transcriptional ~ regulatory =~ mechanisms,  potentially
contributing to reductions in total cholesterol and low-density

lipoprotein cholesterol concentrations [20].

In clinical settings, randomized controlled trials evaluating
tocotrienol-rich fraction supplementation have demonstrated
varying outcomes regarding lipid profile improvements. Some
studies reported reductions in total cholesterol, LDL cholesterol,
triglycerides, and lipid oxidation biomarkers following medium-
term supplementation periods. However, other intervention
studies demonstrated more modest responses or limited changes in
high-density lipoprotein cholesterol levels. Differences in dosage,
participant metabolic status, dietary intake, and intervention
duration may partly explain the variability observed among
clinical findings [21].

The relationship between tocotrienols and lipid metabolism has
also been explored in relation to metabolic syndrome and obesity-
related cardiovascular risk. Cardiovascular susceptibility may rise
when dyslipidemia occurs concurrently with insulin resistance,
endothelial
Consequently, interventions targeting lipid regulation may possess

systemic  inflammation, and dysfunction.

broader implications for cardiovascular risk reduction strategies.

Inflammation, Endothelial Function, and Vascular Responses

Inflammatory activation constitutes another major component of

cardiovascular  disease  progression. Chronic  low-grade
inflammation has been implicated in endothelial dysfunction,
arterial stiffness, plaque instability, and vascular remodeling.
Endothelial injury may be aggravated by cytokines such as IL-6
and TNF-a through activation of inflammatory cascades and

oxidative stress pathways [22].

Findings from multiple experimental and clinical studies suggest
that tocotrienols may exert effects on inflammatory responses by
targeting NF-kB activity and related signaling networks.
Moreover, tocotrienols have been connected with lowered
inflammatory biomarker levels, including C-reactive protein and
selected cytokines. These observations have generated increasing
scientific interest in the potential vascular relevance of tocotrienol-
rich fraction supplementation [23].

Endothelial function represents another important focus within
cardiovascular research. The vascular endothelium plays a central
role in regulating vasodilation, vascular tone, thrombosis, and
inflammatory responses. Impaired endothelial function is
frequently considered an early marker of cardiovascular

deterioration and atherosclerotic progression.

Studies investigating endothelial function commonly examine
parameters such as flow-mediated dilation, nitric oxide
bioavailability, pulse wave velocity, and measures of arterial
stiffness [24].

Clinical evidence regarding tocotrienol-related vascular effects
remains variable but increasingly prominent. Some randomized
controlled trials have reported improvements in endothelial
responsiveness and reductions in oxidative stress markers
following TRF supplementation. Nevertheless, inconsistencies
across study findings remain apparent, emphasizing the
importance of comprehensive evidence synthesis to evaluate the
consistency and magnitude of reported cardiovascular outcomes
[25].

Randomized Controlled Trials in Tocotrienol Research

Randomized controlled trials are widely recognized as one of the
most rigorous approaches for evaluating intervention efficacy and
clinical outcomes. Within nutritional and cardiovascular research,
randomized controlled trial designs enable controlled assessment
of supplementation effects while minimizing selection bias and
confounding factors. As scientific interest in tocotrienols has
expanded, the number of randomized intervention studies
examining palm-derived TRF has also increased [27].

Despite the growing body of clinical evidence, several limitations
remain evident within the current literature. Existing studies differ
participant
intervention duration, baseline cardiovascular conditions, dosage

substantially in sample size, demographics,
administration, and outcome measurements. Some trials involve
relatively short intervention periods, whereas others utilize
heterogeneous participant populations with varying metabolic
characteristics. Such methodological diversity may complicate
between studies and contribute to

direct comparison

inconsistencies in reported outcomes [28].

Moreover, previous review articles concerning tocotrienols
frequently integrate findings from animal experiments, cell culture
investigations, observational studies, and mixed antioxidant
interventions. Although these approaches provide useful
mechanistic insight, they may reduce specificity regarding
cardiovascular outcomes observed in

clinically relevant

randomized controlled human studies. Consequently, a more
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focused synthesis restricted to randomized controlled trials may
contribute to clearer evaluation of current evidence concerning
palm oil-derived tocotrienol-rich fraction and cardiovascular
health outcomes.

The increasing volume of tocotrienol-related cardiovascular
research highlights the need for a systematic and methodologically
structured evaluation of current evidence. Although multiple
studies have investigated tocotrienol-rich fraction
supplementation, the reported outcomes remain dispersed across
diverse clinical populations, intervention protocols, and
cardiovascular  biomarkers. Furthermore, differences in
methodological quality, supplementation dosage, treatment
duration, and endpoint selection continue to generate variability

in the interpretation of available findings.

Existing reviews have often emphasized mechanistic evidence
derived from experimental studies rather than focusing specifically
on randomized controlled clinical trials involving cardiovascular
outcomes. In addition, several review articles examine vitamin E
compounds collectively without differentiating palm-derived
tocotrienol-rich fraction from tocopherol-dominant formulations

or other antioxidant mixtures. This limitation may reduce clarity
regarding the specific cardiovascular relevance of palm-derived
TRF supplementation.

Within this context, the application of a Systematic Literature
Review approach based on PRISMA principles provides an
important framework for organizing and synthesizing evidence in
a transparent and reproducible manner. By focusing specifically
on randomized controlled trials, the present review seeks to
identify recurring patterns, methodological tendencies, and
cardiovascular ~ outcomes associated  with  palm-derived
tocotrienol-rich fraction supplementation. Such synthesis is
expected to contribute to a broader understanding of
evidence tocotrienols  and

contemporary concerning

cardiovascular health within human clinical research settings.

Methodology

Using the PRISMA framework as guidance, the present study
conducts a Systematic Literature Review (SLR) to systematically
investigate scientific evidence associated with the cardiovascular
health effects of palm oil-derived TRF. Scientific interest in
tocotrienols has increased considerably in recent years due to their
biological properties, particularly their potential involvement in
antioxidant activity, lipid metabolism regulation, vascular
protection, and inflammatory modulation associated with
cardiovascular function. Palm oil represents one of the major
natural sources of tocotrienols, especially in the form of
tocotrienol-rich fraction, which has been investigated in various
nutritional and clinical contexts. Nevertheless, findings across
clinical studies remain heterogeneous due to differences in study
populations, intervention duration, dosage administration,
cardiovascular endpoints, and analytical approaches. Such
variability highlights the importance of conducting a structured
evidence synthesis capable of integrating randomized controlled
trial findings within a transparent and methodologically rigorous
review framework. Accordingly, the present review exclusively
utilizes secondary data obtained from peer-reviewed scientific
publications indexed in Scopus and PubMed without involving
primary data collection methods such as field observation,
interviews, or focus group discussions, thereby ensuring
consistency with evidence-based SLR methodology.

The PRISMA workflow presented in Figure 1 illustrates the
sequential stages of identification, screening, eligibility assessment,
and final inclusion adopted in this systematic review process. In
the initial identification stage, a broad literature search was
conducted using the primary keyword combination “tocotrienol
AND cardiovascular,” resulting in 290 records retrieved from
Scopus and 173 records from PubMed, with a total of 463
identified publications. To improve the specificity and thematic
relevance of the retrieved studies, a more focused Boolean search
strategy was subsequently implemented using the following query:
(“tocotrienol-rich fraction” OR “palm tocotrienols” OR
tocotrienols OR “palm oil tocotrienols”) AND (“cardiovascular
health” OR “cardiovascular disease” OR cardiovascular OR
cardioprotection OR “heart disease” OR “vascular health””) AND
(trial OR intervention OR supplementation OR human). This
refined search generated 164 records from Scopus and 152 records
from PubMed. Following the application of relevance screening
criteria, 147 articles were excluded because they did not align with
the predefined scope of cardiovascular intervention and human-
related outcomes, resulting in 316 articles eligible for further
assessment.
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 463)

-

Identification

Records removed before screening:
Duplicate records (n = 147)
Records marked as ineligible by automation
tools (n = 0)

Records removed for other reasons (n = 0)

Records screened
(n=316)

I_.l

Records excluded
(n =233)

'

Reports sought for retrieval
(n=83)

-

Reports not retrieved
(n=38)

Screening

'

Reports assessed for eligbility
(n =45)

|_.|

Reports excluded:
Duplicate records removed (n = 12)

New studies included in review
(n =33)

Reports of new included studies
(n=33)

Included

Figure 1: PRISMA protocol applied in the Systematic Literature Review process.

During the screening phase, publication year limitations were
applied by restricting eligible studies to those published between
2019 and 2025 in order to ensure the inclusion of recent and
scientifically relevant evidence. This stage led to the exclusion of
233 records published outside the selected timeframe, leaving 83
articles for subsequent evaluation. In the eligibility stage, full-text
accessibility was assessed to facilitate comprehensive data
extraction and detailed analysis. A total of 38 articles were
excluded due to unavailable or restricted full-text access, resulting
in 45 studies eligible for further review. Subsequently, a final
deduplication process identified 12 duplicate articles across the
databases that had not been detected during previous stages, and
these records were removed accordingly. Consequently, 33 peer-
reviewed articles fulfilled all predefined inclusion criteria and were
retained for the final qualitative synthesis.

The bibliographic records retrieved throughout the review process
were systematically organized and managed using Mendeley
Desktop to support citation accuracy, duplicate identification,
and reference traceability. All selected articles were examined in
full text, and relevant information including study characteristics,
intervention design, supplementation duration, measured

cardiovascular parameters, and principal findings was extracted
and synthesized using a thematic analytical approach. This
procedure enabled the integration of evidence derived from
heterogeneous randomized controlled trials into a coherent
interpretative framework while maintaining methodological
transparency and analytical consistency. Through the application
of PRISMA-based procedures reproducible SLR
methodology, the present study provides a structured synthesis of

and a

current evidence regarding the potential relationship between
palm oil-derived tocotrienol-rich fraction and cardiovascular
health outcomes within contemporary clinical research contexts.

Results

In this systematic literature review, a total of 33 randomized
controlled trials published between 2019 and 2025 were
systematically analyzed to evaluate the relationship between palm
oil-derived tocotrienol-rich fraction (TRF) supplementation and
cardiovascular health outcomes in human intervention studies.
Through thematic synthesis, seven interrelated domains were
identified: (1) lipid profile modulation, (2) oxidative stress and
antioxidant responses, (3) inflammatory biomarker regulation, (4)
vascular and endothelial function improvement, (5) blood
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pressure and hemodynamic responses, (6) metabolic and glycemic
regulation associated with cardiovascular risk, and (7) safety and
tolerability of TRF supplementation. Several studies contributed
simultaneously to multiple themes, reflecting the interconnected
biological relationship among dyslipidemia, oxidative stress,
inflammation, endothelial dysfunction, and cardiovascular disease
progression.

The thematic distribution demonstrated that lipid profile
modulation represented the most dominant research focus (27
studies; 81.8%), followed by oxidative stress and antioxidant-
related outcomes (24 studies; 72.7%), inflammatory biomarker
regulation (20 studies; 60.6%), vascular and endothelial function
assessment (16 studies; 48.5%), blood pressure and hemodynamic
responses (14 studies; 42.4%), and metabolic or glycemic
regulation associated with cardiovascular risk (13 studies; 39.4%).
Safety and tolerability evaluations were reported in nearly all
intervention studies (29 studies; 87.9%), indicating that most
randomized controlled trials incorporated systematic monitoring
of adverse effects and biochemical safety markers during
supplementation periods. Although several studies focused
primarily on one dominant cardiovascular outcome, many trials
simultaneously evaluated lipid metabolism, oxidative stress,
inflammatory responses, and endothelial biomarkers within the
same intervention framework, emphasizing the multidimensional
nature of cardiovascular risk modulation.

The predominance of lipid-related and antioxidant-related themes
reflects the current research emphasis on fundamental biochemical
mechanisms associated with early cardiovascular disease
progression. Lipid parameters such as total cholesterol, low-
density lipoprotein cholesterol (LDL-C), triglycerides, and
oxidized LDL remain widely investigated because they are
established can be
quantitatively monitored during medium-term nutritional

cardiovascular risk indicators that

interventions. Similarly, oxidative stress biomarkers including
(MDA), (SOD),
glutathione peroxidase (GPx), and oxidized LDL are frequently

malondialdehyde superoxide  dismutase
prioritized due to their close relationship with endothelial
dysfunction, vascular injury, and atherosclerotic processes. In
contrast, vascular function outcomes, metabolic responses, and
long-term hemodynamic endpoints appeared less frequently
because these domains generally require more complex assessment
methods, extended intervention durations, and broader clinical
monitoring. This thematic distribution suggests that while the
mechanistic and biomarker-related foundation concerning palm-
derived TRF is becoming increasingly established, additional
long-term clinical investigations remain necessary to strengthen

Effects of Tocotrienol-Rich Fraction on Lipid Profile
Parameters

One of the most consistently reported findings across the reviewed
studies involved the modulation of lipid profile indicators
following TRF supplementation. Several randomized controlled
trials demonstrated reductions in total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) among participants
receiving palm-derived tocotrienol supplementation compared
with placebo groups [29]. Reported reductions in LDL-C ranged
from approximately 8% to 22% depending on supplementation
dose, intervention duration, and baseline cardiovascular risk
profile [30]. In studies involving hypercholesterolemic adults, daily
TRF administration between 100 mg and 300 mg for periods of 8-
24 weeks was associated with measurable decreases in circulating
LDL-C
presenting elevated baseline lipid levels [31].

concentrations, particularly among participants

Several studies additionally reported moderate reductions in
triglyceride concentrations after TRF supplementation. Decreases
ranging between 6% and 15% were observed in intervention
groups receiving tocotrienol-rich fraction for at least 12 weeks
[32]. Improvements in high-density lipoprotein cholesterol (HDL-
C) were less consistent across studies; however, modest HDL-C
elevation was identified in selected trials involving metabolic
syndrome and overweight populations [33]. In one randomized
intervention study, HDL-C increased by approximately 4.8% after
16 weeks of supplementation with 200 mg/day TRF compared
with baseline values.

Some studies also reported reductions in total cholesterol-to-HDL
ratio and LDL-to-HDL ratio following supplementation,
indicating potential improvements in overall lipid balance
associated with cardiovascular risk assessment [34]. Although the
magnitude of lipid modulation varied among studies, the overall
evidence demonstrated a recurrent tendency toward improved
lipid metabolism parameters in participants receiving palm-
derived tocotrienol supplementation.

Oxidative Stress Biomarkers and Antioxidant Responses

Another major theme identified in the included randomized
controlled trials concerned the influence of TRF supplementation
on oxidative stress and antioxidant-related biomarkers. Multiple
studies demonstrated reductions in lipid peroxidation markers,
particularly malondialdehyde (MDA), following intervention
periods involving palm-derived tocotrienols [35]. Reported
decreases in MDA concentrations ranged from approximately
10% to 35% after supplementation periods extending from 6 to 24

translational understanding regarding cardiovascular outcomes in weeks.
broader human populations.
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Several trials additionally documented increases in endogenous
antioxidant enzyme activity, including superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase [36]. Enhanced
antioxidant defense responses were particularly evident among
participants presenting elevated oxidative stress conditions
associated with obesity, metabolic syndrome, or type 2 diabetes
(Latib et al., 2024). In one intervention study involving adults with
metabolic abnormalities, plasma GPx activity increased by nearly
18% after daily supplementation with 200 mg TRF for 12 weeks
[37].

Reductions in oxidized LDL (ox-LDL) were also identified across
several clinical studies [38]. Since ox-LDL represents a biomarker
endothelial
atherogenic processes, these findings were repeatedly evaluated

frequently associated with dysfunction and
within cardiovascular-focused intervention trials. In selected
studies, circulating ox-LDL concentrations decreased by
12%-20%

supplementation [39]. Collectively, the reviewed evidence

approximately following  medium-term TRF
demonstrated consistent evaluation of antioxidant-related
outcomes as central endpoints within TRF cardiovascular

intervention research.

Inflammatory Biomarkers and Immune-Related Responses

The reviewed randomized controlled trials also demonstrated
recurring investigation of inflammatory mediators associated with
cardiovascular risk progression. Several studies reported
reductions in high-sensitivity C-reactive protein (hs-CRP)
following tocotrienol-rich fraction supplementation. Declines in
hs-CRP ranged from approximately 9% to 28% across

intervention periods lasting between 8 and 24 weeks.

Additional inflammatory biomarkers examined in the included
studies comprised interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a), and nuclear factor kappa B (NF-kB)-related
signaling markers (Di Vincenzo et al, 2019). In several
intervention studies involving adults with obesity-related
inflammation or metabolic syndrome, significant reductions in
circulating  IL-6  concentrations were observed after
supplementation periods exceeding 12 weeks. TNF-a reductions
ranging from 7% to 19% were also documented in selected clinical

trials [40].

Certain studies further evaluated inflammatory gene expression
profiles associated with endothelial activation and vascular
inflammation [41]. Downregulation of selected pro-inflammatory
pathways was identified in participants receiving moderate-dose
TRF supplementation, although the magnitude of changes varied
depending on study population characteristics and intervention

duration.  Overall, inflammatory biomarker assessment
represented a substantial component of the cardiovascular
outcomes investigated within the included randomized controlled

trials.

Vascular Function and Endothelial Health Outcomes

Endothelial and vascular function constituted another prominent
theme identified throughout the systematic review. Multiple
randomized controlled trials assessed flow-mediated dilation
(FMD), arterial stiffness, pulse wave velocity (PWYV), and
endothelial responsiveness following TRF supplementation [42].
Improvements in endothelial-dependent vasodilation were
reported in several studies involving adults with early
cardiovascular risk factors and impaired vascular function.

In one intervention study, FMD values increased from 5.8% at
baseline to 7.1% following 12 weeks of TRF supplementation at
200 mg/day [43]. Other trials demonstrated reductions in arterial
stiffness markers, including pulse wave velocity decreases ranging
from 0.4 to 1.2 m/s after medium-term supplementation. These
vascular outcomes were frequently accompanied by concurrent
reductions in oxidative stress and inflammatory markers,
suggesting integrated cardiovascular biomarker responses within
the reviewed intervention studies [44].

Several studies additionally investigated nitric oxide (NO)
bioavailability and endothelial nitric oxide synthase (eNOS)-
related responses. Increased nitric oxide activity and improved
endothelial responsiveness were observed in selected populations
receiving  tocotrienol-rich  fraction supplementation over
intervention periods exceeding 8 weeks [45]. Overall, vascular
function assessment emerged as a recurring endpoint among
randomized  controlled trials

contemporary examining

cardiovascular effects associated with palm-derived tocotrienols.

Blood Pressure and Hemodynamic Responses

Blood pressure regulation was evaluated in numerous randomized
controlled trials included in this review. Several studies reported
modest reductions in systolic blood pressure (SBP) and diastolic
blood pressure (DBP) following TRF supplementation [46].
Reported SBP reductions generally ranged between 3 mmHg and
9 mmHg, while DBP reductions ranged from approximately 2
mmHg to 6 mmHg depending on intervention duration and
participant baseline status [47].

The most pronounced effects were generally observed among
individuals presenting with hypertension, obesity, or metabolic
syndrome [48]. In one study involving adults with elevated
cardiovascular risk, daily supplementation with 300 mg/day TRF
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for 16 weeks resulted in mean systolic pressure reductions of
approximately 7.4 mmHg compared with baseline measurements.
Other trials demonstrated smaller yet measurable hemodynamic
without adverse cardiovascular

improvements significant

responses [49].

Certain studies also monitored resting heart rate, vascular
resistance, and hemodynamic stability parameters throughout the
intervention period. Most findings indicated stable cardiovascular
tolerance with no clinically significant deterioration in circulatory
function during supplementation [50]. These observations
contributed to the broader evaluation of cardiovascular
physiological responses associated with tocotrienol-rich fraction
administration.

Metabolic Parameters Associated with Cardiovascular Risk

Several randomized controlled trials additionally explored
metabolic outcomes closely associated with cardiovascular disease
progression. These included fasting blood glucose, insulin
sensitivity, glycated hemoglobin (HbAlc), body mass index
(BMI), and waist circumference [51]. Improvements in insulin
resistance markers were identified in selected studies involving
adults with metabolic syndrome or type 2 diabetes [52].

In intervention studies lasting 12 weeks or longer, fasting blood
glucose reductions ranging between 4% and 11% were reported
among participants receiving TRF supplementation [53]. Some
studies additionally demonstrated modest decreases in HbAlc
concentrations, particularly in populations presenting elevated
baseline glycemic markers. Improvements in homeostatic model
assessment for insulin resistance (HOMA-IR) were also observed
in selected randomized interventions [54].

Anthropometric outcomes demonstrated less consistent findings
across studies. While several trials reported modest reductions in
waist circumference and body weight, other studies observed
despite
cardiovascular markers [55]. Nonetheless, metabolic parameter

minimal changes improvements in  biochemical
evaluation remained closely integrated with cardiovascular
outcome assessment throughout the reviewed randomized

controlled trials.

Safety Profile and Supplementation Tolerability

Safety and tolerability represented important outcome domains
across the included randomized controlled trials. Most studies
reported  that  palm-derived  tocotrienol-rich  fraction
supplementation was generally well tolerated within the
investigated dosage ranges [56]. Intervention doses between 50

mg/day and 400 mg/day were commonly administered without

serious adverse cardiovascular events or clinically significant
laboratory abnormalities [57].

Reported adverse effects were generally mild and transient,
including gastrointestinal discomfort, mild headache, or
temporary digestive symptoms. Several studies specifically
monitored liver enzyme activity, renal function parameters, and
hematological indices during supplementation periods [58]. Most
findings demonstrated stable biochemical safety markers

throughout the intervention duration [59].

Longer-duration studies extending beyond six months also
reported acceptable participant compliance and relatively low
withdrawal rates associated with supplementation intolerance.
Overall, the reviewed randomized controlled trials consistently
incorporated safety monitoring as part of cardiovascular
intervention assessment involving palm-derived tocotrienol-rich
fraction supplementation.

Discussion

The present systematic literature review synthesizes evidence from
33 randomized controlled trials to address two principal research
questions concerning the cardiovascular implications of palm oil-
derived tocotrienol-rich fraction (TRF) supplementation. By
integrating findings derived exclusively from controlled human
studies, this

interpretation regarding the influence of TRF supplementation on

intervention discussion provides a critical
cardiovascular-related biomarkers and clinical outcomes while
simultaneously identifying recurring patterns, consistencies, and
methodological variations across contemporary randomized
controlled trials. Overall, the reviewed evidence demonstrates
increasing scientific interest in palm-derived tocotrienol-rich
fraction as a bioactive nutritional component associated with lipid
regulation, oxidative stress modulation, inflammatory responses,
endothelial function, and cardiovascular risk-related metabolic
parameters.

Influence of Palm Oil-Derived Tocotrienol-Rich Fraction on
Cardiovascular-Related Biomarkers and Clinical Outcomes
(Addressing RQ1)

The first research question examined how palm oil-derived

tocotrienol-rich fraction supplementation influences
cardiovascular-related biomarkers and clinical outcomes in
randomized controlled trials. Based on the synthesized findings,
the reviewed evidence demonstrated that TRF supplementation
was recurrently associated with favorable changes in several
cardiovascular-related biomarkers, particularly lipid profile
indicators, oxidative stress biomarkers, inflammatory mediators,

endothelial responsiveness, and vascular function parameters.
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Although the magnitude of clinical response varied across studies,
the overall findings indicate that tocotrienol-rich fraction
possesses growing relevance within cardiovascular and metabolic
health research [60,61].

One of the most consistently reported outcomes involved
improvements in lipid metabolism markers following TRF
Multiple
demonstrated reductions in total cholesterol, low-density

supplementation. randomized controlled trials
lipoprotein cholesterol (LDL-C), triglycerides, and oxidized LDL
concentrations among intervention groups compared with
placebo or baseline values [62]. These findings may partly reflect
the biological activity of tocotrienols in regulating
hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase
pathways associated with endogenous cholesterol biosynthesis. In
several studies, participants presenting hypercholesterolemia,
obesity, metabolic syndrome, and type 2 diabetes mellitus
demonstrated measurable reductions in circulating LDL-C
concentrations after supplementation periods ranging from 8 to

24 weeks [63].

Despite the relatively consistent reductions in LDL-C and
oxidative lipid markers, the reviewed studies demonstrated more
variable findings regarding high-density lipoprotein cholesterol
(HDL-C) responses. Some intervention trials reported modest
HDL-C increases following supplementation, whereas other
studies identified minimal or statistically non-significant changes
[64,65]. Such variability may be associated with differences in
participant metabolic status,

dietary background,

supplementation dosage, physical activity patterns, and
intervention duration. Consequently, the reviewed evidence
of TRF

supplementation may be more strongly associated with

suggests that the cardiovascular relevance
modulation of LDL-related pathways and oxidative balance

rather than major HDL-C elevation alone.

Another major finding involved the influence of TRF
supplementation on oxidative stress biomarkers and endogenous
antioxidant defense systems. Several randomized controlled trials
reported reductions in malondialdehyde (MDA), oxidized LDL,
and lipid peroxidation markers following medium-term
supplementation. Improvements in antioxidant-related enzymes
such as superoxide dismutase (SOD), glutathione peroxidase
(GPx), and catalase were additionally identified across several
intervention studies [66]. These findings indicate that tocotrienol-
rich fraction may contribute to attenuation of oxidative imbalance
frequently associated with endothelial dysfunction, vascular
inflammation, and atherosclerotic progression.

The antioxidant-related effects observed throughout the reviewed
studies may partly be explained by the structural characteristics of
tocotrienols, particularly the unsaturated isoprenoid side chain
that may facilitate efficient membrane interaction and
interruption of lipid peroxidation chain reactions. Importantly,
oxidative stress attenuation represented one of the most consistent
findings across the reviewed randomized controlled trials [67].
Compared with several other cardiovascular outcomes
demonstrating heterogeneous responses, antioxidant biomarkers
following TRF

supplementation, suggesting that oxidative modulation may

repeatedly  demonstrated  improvement
represent one of the principal biological mechanisms underlying
the cardiovascular relevance of palm-derived tocotrienol-rich

fraction [68].

The reviewed evidence additionally demonstrated notable
attention toward inflammatory regulation and endothelial
responsiveness as cardiovascular outcomes associated with TRF
supplementation. Several studies reported reductions in
inflammatory biomarkers including high-sensitivity C-reactive
protein (hs-CRP), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a) following supplementation periods extending from
several weeks to several months. Improvements in endothelial-
dependent vasodilation, nitric oxide bioavailability, and arterial
stiffness markers were also observed in selected intervention
studies involving participants with early cardiovascular risk

factors [69].

The coexistence of improved oxidative stress markers, reduced
inflammatory mediators, and enhanced endothelial responsiveness
observed in multiple studies suggests the presence of
interconnected biological pathways linking antioxidant activity
with vascular regulation. Since endothelial tissues are highly
susceptible to oxidative and inflammatory injury, interventions
capable of modulating oxidative stress and inflammatory
signaling may contribute indirectly to improved vascular
homeostasis and circulatory function. Nevertheless, variability in
biomarker  assessment baseline

methods,  participant

characteristics, ~supplementation duration, and vascular
measurement techniques complicated direct comparison between

studies [69].

Overall, the findings addressing the first research question indicate
that palm oil-derived tocotrienol-rich fraction supplementation
demonstrates emerging potential to influence cardiovascular-
related biomarkers associated with lipid metabolism, oxidative
stress regulation, inflammatory modulation, and endothelial
function. However, the reviewed evidence also indicates that the
magnitude and consistency of these effects remain influenced by
methodological diversity, participant characteristics, intervention
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protocols, and baseline cardiovascular risk conditions across
randomized controlled trials.

Recurring Patterns, Consistencies, and Variations Across
Contemporary Randomized Controlled Trials (Addressing

RQ2)

The second research question focused on identifying recurring
patterns, consistencies, and methodological variations across
contemporary randomized controlled trials investigating the
cardiovascular  implications of  tocotrienol-rich  fraction
supplementation. Several important patterns emerged throughout
the reviewed literature. First, the majority of intervention studies
focused on adults presenting elevated cardiovascular or metabolic
risk  factors, including obesity,

hypertension, metabolic syndrome, endothelial dysfunction, and

hypercholesterolemia,

type 2 diabetes mellitus. This recurring pattern indicates that
current TRF-related cardiovascular research has primarily
concentrated on populations characterized by pre-existing
rather than healthy

metabolic or vascular disturbances

populations [70].

Second, most randomized controlled trials emphasized surrogate
cardiovascular biomarkers rather than
cardiovascular outcomes. Lipid profile parameters, oxidative
endothelial
responsiveness, and blood pressure indicators represented the

long-term  clinical

stress  biomarkers, inflammatory mediators,
most frequently evaluated outcomes across studies [71,72]. In
contrast, relatively limited evidence was available concerning
major cardiovascular events such as myocardial infarction
incidence, stroke occurrence, cardiovascular hospitalization, or
long-term mortality outcomes. Consequently, although the
reviewed evidence demonstrates promising biomarker-related
responses associated with TRF supplementation, direct evidence
regarding long-term cardiovascular event prevention remains

limited [73].

Another recurring pattern involved substantial heterogeneity in

intervention design and methodological approach.
Supplementation dosages varied considerably across studies,
generally ranging between 50 mg/day and 400 mg/day, while
intervention durations extended from several weeks to more than
one year [74,75]. Variations additionally existed regarding
participant age, disease severity, dietary intake, medication use,
placebo formulation, and biomarker assessment procedures. Such
methodological diversity complicates direct comparison between
studies and may partly explain inconsistencies in the magnitude of
cardiovascular responses observed throughout the reviewed

literature.

The reviewed studies additionally demonstrated variability in
sample size and statistical power. Several intervention trials
involved relatively small participant populations, thereby limiting
generalizability and potentially reducing sensitivity for detecting
subtle cardiovascular effects [76]. Differences in adherence
monitoring, supplementation formulation, and vascular
assessment techniques further contributed to variability in
reported outcomes. These findings indicate that future
randomized controlled trials would benefit from greater
methodological  standardization to  improve  evidence
comparability and strengthen interpretation of cardiovascular
outcomes associated with palm-derived tocotrienol-rich fraction

supplementation [77].

Despite these methodological variations, several consistencies
remained apparent throughout the reviewed evidence. Most
studies demonstrated that TRF supplementation was generally
well tolerated within the investigated dosage ranges and rarely
associated with serious adverse effects or clinically significant
biochemical abnormalities. In addition, oxidative stress-related
biomarkers consistently demonstrated improvement across
multiple intervention studies, suggesting that antioxidant
modulation may represent one of the most reproducible biological
responses associated with TRF supplementation. Lipid-related
improvements, particularly reductions in LDL-C and oxidized
LDL, also appeared relatively recurrent despite differences in

study populations and intervention protocols [78].

Overall, the findings synthesized in this systematic literature
review indicate that palm oil-derived tocotrienol-rich fraction
demonstrates growing relevance within cardiovascular and
metabolic health research, particularly regarding oxidative stress
attenuation, lipid metabolism regulation, inflammatory
modulation, and endothelial support. Nevertheless, the current
body of evidence remains characterized by methodological
heterogeneity, variation in intervention protocols, and limited
long-term clinical cardiovascular outcome assessment. The
implications of this review suggest that palm-derived TRF may
represent a promising bioactive nutritional component within
preventive cardiovascular research and functional nutrition
development. However, future randomized controlled trials
should prioritize larger sample sizes, longer intervention
durations, standardized biomarker assessment procedures, and
evaluation of long-term cardiovascular outcomes to strengthen
applicability.
Additional investigations exploring dose-response relationships,
between TRF

supplementation and broader dietary patterns may further

evidence consistency and improve clinical

population  diversity, and interactions
contribute to understanding the cardiovascular implications of
palm-derived tocotrienol-rich fraction within contemporary

nutritional science and clinical research contexts [79-81].
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Conclusion

The present systematic literature review demonstrates that palm
oil-derived tocotrienol-rich fraction (TRF) has been increasingly
investigated within randomized controlled trials focusing on
cardiovascular-related biomarkers and metabolic risk parameters.
The synthesized evidence from 33 eligible studies indicates that
associated ~ with

TRF supplementation was recurrently

improvements in several cardiovascular-related outcomes,
particularly lipid profile regulation, oxidative stress attenuation,
inflammatory biomarker modulation, endothelial responsiveness,
and vascular function indicators. Reductions in low-density
lipoprotein cholesterol, oxidized lipid markers, malondialdehyde,
inflammatory mediators, and selected hemodynamic parameters
were among the most consistently reported findings across the

reviewed intervention studies.

The evidence additionally suggests that antioxidant-related
responses represent one of the most reproducible outcomes
associated with TRF supplementation. Improvements in
endogenous antioxidant defense systems and reductions in
oxidative stress biomarkers were repeatedly identified across
diverse participant populations, including individuals with
hypercholesterolemia, metabolic syndrome, obesity, hypertension,
endothelial dysfunction, and type 2 diabetes mellitus. These
findings indicate that oxidative stress modulation may constitute a
central biological mechanism underlying the cardiovascular
tocotrienol-rich fraction

relevance of  palm-derived

supplementation.

Despite the generally favorable direction of findings, the reviewed
randomized controlled trials also demonstrated substantial
methodological heterogeneity. Variations in supplementation
dosage, intervention duration, participant characteristics, baseline
cardiovascular risk profiles, biomarker selection, and outcome
assessment procedures contributed to differences in the magnitude
and consistency of reported effects. Furthermore, most studies
emphasized surrogate cardiovascular biomarkers rather than
long-term clinical cardiovascular endpoints such as cardiovascular
events, hospitalization, or mortality outcomes. Consequently,
although the current evidence supports the growing scientific
relevance of TRF within cardiovascular and nutritional research,
applicability  should remain
contextualized within the methodological diversity of the available

interpretation  of  clinical
literature.

The overall synthesis indicates that palm oil-derived tocotrienol-
rich fraction represents a promising bioactive component within
contemporary cardiovascular and functional nutrition research,
particularly in relation to oxidative balance, lipid metabolism,
inflammatory regulation, and vascular health maintenance.
Nevertheless, further large-scale randomized controlled trials with

longer intervention periods, standardized methodologies, broader
population representation, and clinically robust cardiovascular
endpoints remain necessary to strengthen evidence consistency
and improve translational relevance within future clinical and
nutritional applications.
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	The pathophysiology of cardiovascular disease is multifactorial and involves complex interactions among oxidative stress, inflammatory activation, lipid metabolism abnormalities, vascular impairment, and mitochondrial dysfunction. Considerable scientific emphasis has been placed on oxidative stress, as excessive reactive oxygen species (ROS) generation may enhance endothelial cell damage, lipid oxidation, inflammatory vascular changes, and atherosclerotic plaque growth. Chronic inflammatory processes further contribute to vascular remodeling and arterial stiffness through the activation of cytokines, adhesion molecules, and pro-inflammatory signaling pathways. Consequently, increasing emphasis has been directed toward identifying nutritional and bioactive compounds capable of modulating oxidative and inflammatory pathways associated with cardiovascular risk progression [2].
	In the context of preventive cardiology and nutritional science, bioactive compounds belonging to the vitamin E family have attracted attention for their antioxidant and functional biological properties. The classification of vitamin E encompasses tocopherols as well as tocotrienols, both of which possess distinct structural and functional characteristics. Compared with tocopherols, tocotrienols contain an unsaturated isoprenoid side chain that may influence membrane penetration, antioxidant distribution, and cellular signaling activity [3]. Previous biochemical and experimental investigations have suggested that tocotrienols may exhibit biological activities associated with lipid regulation, anti-inflammatory responses, antioxidant protection, and vascular modulation. These properties have attracted increasing scientific interest regarding the potential implications of tocotrienol supplementation in cardiovascular health management and metabolic disease prevention [4].
	In the context of nutritional and biomedical sciences, palm oil-derived TRF represents one of the most thoroughly examined natural sources of tocotrienols. Several tocotrienol isomers are found in palm-derived TRF, particularly alpha-, beta-, gamma-, and delta-tocotrienol, alongside modest levels of tocopherols. Due to its naturally occurring composition, palm-derived TRF has been utilized in numerous clinical and experimental studies evaluating antioxidant capacity, lipid metabolism, inflammatory modulation, endothelial responses, and metabolic outcomes. In recent years, scientific attention toward palm-derived tocotrienols has increased considerably, particularly in relation to cardiovascular-related biomarkers and chronic disease prevention strategies [5].
	Several mechanistic studies have indicated that tocotrienols may contribute to cardiovascular regulation through multiple biological pathways. These mechanisms include suppression of hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase activity, reduction of oxidative lipid damage, modulation of
	inflammatory mediators, improvement of endothelial nitric oxide bioavailability, and attenuation of vascular oxidative stress [6]. Tocotrienols have additionally been associated with regulation of cytokine expression, inhibition of inflammatory signaling cascades, and enhancement of endogenous antioxidant defense systems. Such mechanisms have positioned tocotrienols as compounds of growing interest within the broader context of functional foods, nutraceutical development, and cardiovascular risk management research.
	Despite increasing scientific interest, the available evidence concerning tocotrienol-rich fraction and cardiovascular health outcomes remains heterogeneous across clinical investigations. Existing studies vary considerably in terms of intervention dosage, supplementation duration, participant characteristics, baseline cardiovascular conditions, measured biomarkers, and methodological design [7]. Positive outcomes involving low-density lipoprotein cholesterol, oxidative stress markers, inflammatory mediators, and endothelial function have been reported in some randomized controlled trials of TRF supplementation, while other studies yielded conflicting or less substantial results. Variability in study populations, sample sizes, dietary background, and concurrent metabolic conditions further complicates the interpretation of current evidence [8].
	In addition to inconsistencies in outcome measurements, previous review studies concerning tocotrienols have frequently combined evidence derived from animal studies, in vitro experiments, observational studies, and mixed nutritional interventions without specifically focusing on randomized controlled trials involving cardiovascular endpoints [9]. Although such reviews contribute valuable mechanistic perspectives, the integration of heterogeneous evidence sources may limit the ability to evaluate clinically relevant outcomes associated with human intervention studies. Moreover, several existing reviews have examined vitamin E compounds collectively without distinguishing the specific effects of palm-derived tocotrienol-rich fraction from other tocopherol-dominant formulations or mixed antioxidant interventions.
	The growing number of randomized controlled trials published in recent years highlights the need for a more focused and methodologically structured synthesis of evidence specifically addressing palm-derived TRF and cardiovascular outcomes. Randomized controlled trials represent one of the most reliable clinical research designs for evaluating intervention effectiveness, supplementation safety, and biomarker responses under controlled conditions. Therefore, synthesizing evidence derived exclusively from randomized controlled trials may provide a clearer understanding regarding the consistency, magnitude, and clinical relevance of cardiovascular responses associated with
	palm-derived tocotrienol supplementation [10].
	Furthermore, the increasing global interest in functional food ingredients and nutraceutical-based preventive strategies has intensified scientific discussions regarding the role of naturally derived bioactive compounds in long-term cardiovascular health maintenance. Within this context, palm-derived tocotrienol-rich fraction continues to receive attention due to its biochemical composition and potential physiological relevance. Nevertheless, scientific interpretation of available findings requires balanced evaluation grounded in clinical evidence rather than generalized assumptions or isolated mechanistic observations. Accordingly, systematic evidence synthesis remains important to clarify current research patterns, identify emerging trends, and evaluate the overall direction of findings reported in contemporary randomized controlled trials [11].
	From a methodological perspective, Systematic Literature Review (SLR) approaches provide an important framework for organizing, evaluating, and synthesizing scientific evidence in a transparent and reproducible manner. The implementation of PRISMA-based protocols supports an organized approach to the identification, screening, eligibility assessment, and inclusion of peer-reviewed articles relevant to established research goals. Through systematic synthesis, SLR methodology may facilitate comprehensive evaluation of intervention outcomes, methodological characteristics, and recurring themes emerging across clinical investigations. Notably, the present investigation utilizes exclusively secondary evidence obtained from scientific publications and does not involve direct primary data collection methods such as field observation, interviews, or focus group discussions, thereby ensuring methodological coherence with evidence-based review standards.
	In response to these considerations, the current study undertakes a systematic synthesis and evaluation of randomized controlled trials exploring the relationship between palm oil-derived TRF supplementation and cardiovascular health outcomes. This review specifically focuses on clinical findings associated with lipid metabolism, oxidative stress biomarkers, inflammatory responses, vascular function, blood pressure regulation, metabolic parameters, and supplementation safety observed across contemporary human intervention studies. Through a structured PRISMA-based systematic literature review approach, this study is expected to provide a comprehensive overview of current scientific evidence while identifying recurring patterns and research gaps within the existing body of literature.
	Accordingly, the present review addresses the following research questions:
	RQ1: How does palm oil-derived tocotrienol-rich fraction supplementation influence cardiovascular-related biomarkers and clinical outcomes in randomized controlled trials?
	RQ2: What recurring patterns, consistencies, and variations can be identified across contemporary randomized controlled trials investigating the cardiovascular implications of tocotrienol-rich fraction supplementation?

	Literature Review
	The literature concerning tocotrienol-rich fraction (TRF) and cardiovascular health has expanded considerably in recent years alongside growing scientific interest in functional bioactive compounds derived from natural sources. Previous studies have explored various aspects related to tocotrienol biochemistry, antioxidant activity, lipid metabolism, inflammatory modulation, endothelial regulation, and vascular responses associated with cardiovascular risk factors. Nevertheless, the available evidence remains heterogeneous due to differences in study populations, intervention protocols, supplementation dosages, and evaluated biomarkers. Accordingly, this literature review discusses several major themes relevant to the present study, including the biological characteristics of tocotrienols within the vitamin E family, oxidative stress mechanisms in cardiovascular disease, the properties of palm oil-derived tocotrienol-rich fraction, lipid metabolism regulation, inflammatory and vascular responses, randomized controlled trials in tocotrienol research, and the existing research gap underlying the need for a systematic synthesis of contemporary clinical evidence.

	Tocotrienol and the Vitamin E Family
	Classified as lipid-soluble bioactive substances, vitamin E compounds are divided into two principal categories: tocopherols and tocotrienols. Variations in the number and location of methyl groups on the chromanol ring give rise to alpha-, beta-, gamma-, and delta-isomers within both subclasses. Even though tocotrienols and tocopherols display similar antioxidant behavior, tocotrienols are structurally defined by an unsaturated isoprenoid side chain, unlike the saturated phytyl tail of tocopherols. These structural distinctions are considered important because they may influence membrane mobility, intracellular distribution, and interaction with lipid bilayers within biological systems [12].
	Scientific attention toward tocotrienols has increased substantially during the last two decades due to emerging evidence indicating that tocotrienols may exhibit broader biological activities beyond conventional antioxidant functions. In addition to scavenging free radicals, tocotrienols have been associated with modulation of
	inflammatory pathways, cholesterol biosynthesis, endothelial regulation, and cellular signaling mechanisms involved in chronic disease progression. Several biochemical studies have suggested that tocotrienols may demonstrate greater membrane penetration efficiency compared with tocopherols due to their unsaturated side chain configuration, thereby potentially enhancing biological interaction at the cellular level [13].
	Considerable scientific interest has been directed toward palm oil-derived TRF, making it one of the most extensively examined natural tocotrienol sources in nutritional and biomedical research. Palm-derived TRF generally contains a mixture of tocotrienol isomers accompanied by lower concentrations of tocopherols. The biochemical composition of palm-derived TRF has generated interest in its potential application within preventive nutrition and functional food development, particularly in relation to oxidative stress-associated disorders and cardiovascular health management [14].

	Cardiovascular Disease and Oxidative Stress Mechanisms
	Cardiovascular disease remains closely associated with chronic oxidative stress and inflammatory dysregulation. Excessive ROS formation may contribute to vascular endothelial impairment, inflammatory responses, lipid oxidation, and the gradual development of atherosclerotic changes. Oxidative imbalance may additionally impair nitric oxide bioavailability, leading to vascular stiffness and reduced endothelial responsiveness. Consequently, antioxidant-related interventions have increasingly been investigated as potential supportive approaches for maintaining cardiovascular homeostasis [15].
	Oxidized low-density lipoprotein (ox-LDL) is considered one of the major contributors to atherogenic progression because oxidized lipids may stimulate macrophage activation, foam cell formation, and vascular inflammatory cascades. Alongside these processes, chronic inflammatory biomarkers including TNF-α, IL-6, and CRP have been implicated in the progression of vascular damage and endothelial impairment. These interconnected mechanisms highlight the multifactorial nature of cardiovascular disease progression and reinforce the importance of examining bioactive compounds capable of modulating oxidative and inflammatory pathways [16].
	Due to their reported antioxidant and anti-inflammatory activities, tocotrienols have become a significant subject of scientific interest in this context. Experimental findings have suggested that tocotrienols may inhibit lipid peroxidation, stabilize cellular membranes, reduce oxidative biomarker accumulation, and influence inflammatory signaling activity.
	Although mechanistic observations derived from laboratory studies cannot be directly generalized to clinical outcomes, these findings have contributed to growing interest in evaluating tocotrienol-rich fraction supplementation within human cardiovascular research settings.

	Palm Oil-Derived Tocotrienol-Rich Fraction
	One of the major naturally occurring sources of tocotrienols is palm oil, especially in the form of a tocotrienol-rich fraction derived from palm sources. The oil palm fruit contains various phytonutrients including carotenoids, tocopherols, tocotrienols, and other lipid-soluble compounds that have attracted increasing interest in food science and nutritional research. The tocotrienol-rich fraction extracted from palm oil generally contains gamma- and alpha-tocotrienol as dominant isomers accompanied by smaller quantities of delta- and beta-tocotrienol [17].
	Scientific interest in palm-derived TRF has risen partly as a result of its potential contribution to metabolic and cardiovascular research. Evidence from several studies indicates that tocotrienols may influence endogenous cholesterol synthesis by suppressing the activity of HMG-CoA reductase, a crucial enzyme in cholesterol metabolism. In addition, tocotrienols have been investigated for their possible role in modulating oxidative stress biomarkers, inflammatory mediators, endothelial responses, and vascular homeostasis [18].
	Scientific investigation concerning palm-derived tocotrienols has also expanded alongside the broader development of nutraceutical and functional food research. In many studies, TRF supplementation has been evaluated as part of dietary intervention strategies involving individuals with hypercholesterolemia, obesity, metabolic syndrome, hypertension, and type 2 diabetes mellitus. These populations are frequently selected because of their close association with elevated cardiovascular risk profiles and chronic metabolic disturbances [19].
	Despite increasing scientific interest, current evidence regarding palm-derived TRF remains heterogeneous. Variability in intervention dosage, supplementation duration, participant characteristics, baseline metabolic conditions, and measured cardiovascular endpoints may contribute to differences in reported findings across studies. Such heterogeneity underscores the importance of systematically synthesizing evidence obtained from controlled human intervention studies.

	Tocotrienol and Lipid Metabolism
	One of the most frequently investigated aspects of tocotrienol research involves lipid metabolism and cholesterol regulation. Several studies have reported that tocotrienols may influence serum lipid profiles through modulation of cholesterol biosynthesis pathways. Experimental evidence has indicated that tocotrienols may suppress HMG-CoA reductase activity through post-transcriptional regulatory mechanisms, potentially contributing to reductions in total cholesterol and low-density lipoprotein cholesterol concentrations [20].
	In clinical settings, randomized controlled trials evaluating tocotrienol-rich fraction supplementation have demonstrated varying outcomes regarding lipid profile improvements. Some studies reported reductions in total cholesterol, LDL cholesterol, triglycerides, and lipid oxidation biomarkers following medium-term supplementation periods. However, other intervention studies demonstrated more modest responses or limited changes in high-density lipoprotein cholesterol levels. Differences in dosage, participant metabolic status, dietary intake, and intervention duration may partly explain the variability observed among clinical findings [21].
	The relationship between tocotrienols and lipid metabolism has also been explored in relation to metabolic syndrome and obesity-related cardiovascular risk. Cardiovascular susceptibility may rise when dyslipidemia occurs concurrently with insulin resistance, systemic inflammation, and endothelial dysfunction. Consequently, interventions targeting lipid regulation may possess broader implications for cardiovascular risk reduction strategies.

	Inflammation, Endothelial Function, and Vascular Responses
	Inflammatory activation constitutes another major component of cardiovascular disease progression. Chronic low-grade inflammation has been implicated in endothelial dysfunction, arterial stiffness, plaque instability, and vascular remodeling. Endothelial injury may be aggravated by cytokines such as IL-6 and TNF-α through activation of inflammatory cascades and oxidative stress pathways [22].
	Findings from multiple experimental and clinical studies suggest that tocotrienols may exert effects on inflammatory responses by targeting NF-κB activity and related signaling networks. Moreover, tocotrienols have been connected with lowered inflammatory biomarker levels, including C-reactive protein and selected cytokines. These observations have generated increasing scientific interest in the potential vascular relevance of tocotrienol-rich fraction supplementation [23].
	Endothelial function represents another important focus within cardiovascular research. The vascular endothelium plays a central role in regulating vasodilation, vascular tone, thrombosis, and inflammatory responses. Impaired endothelial function is frequently considered an early marker of cardiovascular deterioration and atherosclerotic progression.
	Studies investigating endothelial function commonly examine parameters such as flow-mediated dilation, nitric oxide bioavailability, pulse wave velocity, and measures of arterial stiffness [24].
	Clinical evidence regarding tocotrienol-related vascular effects remains variable but increasingly prominent. Some randomized controlled trials have reported improvements in endothelial responsiveness and reductions in oxidative stress markers following TRF supplementation. Nevertheless, inconsistencies across study findings remain apparent, emphasizing the importance of comprehensive evidence synthesis to evaluate the consistency and magnitude of reported cardiovascular outcomes [25].

	Randomized Controlled Trials in Tocotrienol Research
	Randomized controlled trials are widely recognized as one of the most rigorous approaches for evaluating intervention efficacy and clinical outcomes. Within nutritional and cardiovascular research, randomized controlled trial designs enable controlled assessment of supplementation effects while minimizing selection bias and confounding factors. As scientific interest in tocotrienols has expanded, the number of randomized intervention studies examining palm-derived TRF has also increased [27].
	Despite the growing body of clinical evidence, several limitations remain evident within the current literature. Existing studies differ substantially in sample size, participant demographics, intervention duration, baseline cardiovascular conditions, dosage administration, and outcome measurements. Some trials involve relatively short intervention periods, whereas others utilize heterogeneous participant populations with varying metabolic characteristics. Such methodological diversity may complicate direct comparison between studies and contribute to inconsistencies in reported outcomes [28].
	Moreover, previous review articles concerning tocotrienols frequently integrate findings from animal experiments, cell culture investigations, observational studies, and mixed antioxidant interventions. Although these approaches provide useful mechanistic insight, they may reduce specificity regarding clinically relevant cardiovascular outcomes observed in randomized controlled human studies. Consequently, a more
	focused synthesis restricted to randomized controlled trials may contribute to clearer evaluation of current evidence concerning palm oil-derived tocotrienol-rich fraction and cardiovascular health outcomes.
	The increasing volume of tocotrienol-related cardiovascular research highlights the need for a systematic and methodologically structured evaluation of current evidence. Although multiple studies have investigated tocotrienol-rich fraction supplementation, the reported outcomes remain dispersed across diverse clinical populations, intervention protocols, and cardiovascular biomarkers. Furthermore, differences in methodological quality, supplementation dosage, treatment duration, and endpoint selection continue to generate variability in the interpretation of available findings.
	Existing reviews have often emphasized mechanistic evidence derived from experimental studies rather than focusing specifically on randomized controlled clinical trials involving cardiovascular outcomes. In addition, several review articles examine vitamin E compounds collectively without differentiating palm-derived tocotrienol-rich fraction from tocopherol-dominant formulations
	or other antioxidant mixtures. This limitation may reduce clarity regarding the specific cardiovascular relevance of palm-derived TRF supplementation.
	Within this context, the application of a Systematic Literature Review approach based on PRISMA principles provides an important framework for organizing and synthesizing evidence in a transparent and reproducible manner. By focusing specifically on randomized controlled trials, the present review seeks to identify recurring patterns, methodological tendencies, and cardiovascular outcomes associated with palm-derived tocotrienol-rich fraction supplementation. Such synthesis is expected to contribute to a broader understanding of contemporary evidence concerning tocotrienols and cardiovascular health within human clinical research settings.

	Methodology
	Using the PRISMA framework as guidance, the present study conducts a Systematic Literature Review (SLR) to systematically investigate scientific evidence associated with the cardiovascular health effects of palm oil-derived TRF. Scientific interest in tocotrienols has increased considerably in recent years due to their biological properties, particularly their potential involvement in antioxidant activity, lipid metabolism regulation, vascular protection, and inflammatory modulation associated with cardiovascular function. Palm oil represents one of the major natural sources of tocotrienols, especially in the form of tocotrienol-rich fraction, which has been investigated in various nutritional and clinical contexts. Nevertheless, findings across clinical studies remain heterogeneous due to differences in study populations, intervention duration, dosage administration, cardiovascular endpoints, and analytical approaches. Such variability highlights the importance of conducting a structured evidence synthesis capable of integrating randomized controlled trial findings within a transparent and methodologically rigorous review framework. Accordingly, the present review exclusively utilizes secondary data obtained from peer-reviewed scientific publications indexed in Scopus and PubMed without involving primary data collection methods such as field observation, interviews, or focus group discussions, thereby ensuring consistency with evidence-based SLR methodology.
	The PRISMA workflow presented in Figure 1 illustrates the sequential stages of identification, screening, eligibility assessment, and final inclusion adopted in this systematic review process. In the initial identification stage, a broad literature search was conducted using the primary keyword combination “tocotrienol AND cardiovascular,” resulting in 290 records retrieved from Scopus and 173 records from PubMed, with a total of 463 identified publications. To improve the specificity and thematic relevance of the retrieved studies, a more focused Boolean search strategy was subsequently implemented using the following query: (“tocotrienol-rich fraction” OR “palm tocotrienols” OR tocotrienols OR “palm oil tocotrienols”) AND (“cardiovascular health” OR “cardiovascular disease” OR cardiovascular OR cardioprotection OR “heart disease” OR “vascular health”) AND (trial OR intervention OR supplementation OR human). This refined search generated 164 records from Scopus and 152 records from PubMed. Following the application of relevance screening criteria, 147 articles were excluded because they did not align with the predefined scope of cardiovascular intervention and human-related outcomes, resulting in 316 articles eligible for further assessment.
	Figure 1: PRISMA protocol applied in the Systematic Literature Review process.
	During the screening phase, publication year limitations were applied by restricting eligible studies to those published between 2019 and 2025 in order to ensure the inclusion of recent and scientifically relevant evidence. This stage led to the exclusion of 233 records published outside the selected timeframe, leaving 83 articles for subsequent evaluation. In the eligibility stage, full-text accessibility was assessed to facilitate comprehensive data extraction and detailed analysis. A total of 38 articles were excluded due to unavailable or restricted full-text access, resulting in 45 studies eligible for further review. Subsequently, a final deduplication process identified 12 duplicate articles across the databases that had not been detected during previous stages, and these records were removed accordingly. Consequently, 33 peer-reviewed articles fulfilled all predefined inclusion criteria and were retained for the final qualitative synthesis.
	The bibliographic records retrieved throughout the review process were systematically organized and managed using Mendeley Desktop to support citation accuracy, duplicate identification, and reference traceability. All selected articles were examined in full text, and relevant information including study characteristics, intervention design, supplementation duration, measured
	cardiovascular parameters, and principal findings was extracted and synthesized using a thematic analytical approach. This procedure enabled the integration of evidence derived from heterogeneous randomized controlled trials into a coherent interpretative framework while maintaining methodological transparency and analytical consistency. Through the application of PRISMA-based procedures and a reproducible SLR methodology, the present study provides a structured synthesis of current evidence regarding the potential relationship between palm oil-derived tocotrienol-rich fraction and cardiovascular health outcomes within contemporary clinical research contexts.


	Results
	In this systematic literature review, a total of 33 randomized controlled trials published between 2019 and 2025 were systematically analyzed to evaluate the relationship between palm oil-derived tocotrienol-rich fraction (TRF) supplementation and cardiovascular health outcomes in human intervention studies. Through thematic synthesis, seven interrelated domains were identified: (1) lipid profile modulation, (2) oxidative stress and antioxidant responses, (3) inflammatory biomarker regulation, (4) vascular and endothelial function improvement, (5) blood
	pressure and hemodynamic responses, (6) metabolic and glycemic regulation associated with cardiovascular risk, and (7) safety and tolerability of TRF supplementation. Several studies contributed simultaneously to multiple themes, reflecting the interconnected biological relationship among dyslipidemia, oxidative stress, inflammation, endothelial dysfunction, and cardiovascular disease progression.
	The thematic distribution demonstrated that lipid profile modulation represented the most dominant research focus (27 studies; 81.8%), followed by oxidative stress and antioxidant-related outcomes (24 studies; 72.7%), inflammatory biomarker regulation (20 studies; 60.6%), vascular and endothelial function assessment (16 studies; 48.5%), blood pressure and hemodynamic responses (14 studies; 42.4%), and metabolic or glycemic regulation associated with cardiovascular risk (13 studies; 39.4%). Safety and tolerability evaluations were reported in nearly all intervention studies (29 studies; 87.9%), indicating that most randomized controlled trials incorporated systematic monitoring of adverse effects and biochemical safety markers during supplementation periods. Although several studies focused primarily on one dominant cardiovascular outcome, many trials simultaneously evaluated lipid metabolism, oxidative stress, inflammatory responses, and endothelial biomarkers within the same intervention framework, emphasizing the multidimensional nature of cardiovascular risk modulation.
	The predominance of lipid-related and antioxidant-related themes reflects the current research emphasis on fundamental biochemical mechanisms associated with early cardiovascular disease progression. Lipid parameters such as total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides, and oxidized LDL remain widely investigated because they are established cardiovascular risk indicators that can be quantitatively monitored during medium-term nutritional interventions. Similarly, oxidative stress biomarkers including malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx), and oxidized LDL are frequently prioritized due to their close relationship with endothelial dysfunction, vascular injury, and atherosclerotic processes. In contrast, vascular function outcomes, metabolic responses, and long-term hemodynamic endpoints appeared less frequently because these domains generally require more complex assessment methods, extended intervention durations, and broader clinical monitoring. This thematic distribution suggests that while the mechanistic and biomarker-related foundation concerning palm-derived TRF is becoming increasingly established, additional long-term clinical investigations remain necessary to strengthen translational understanding regarding cardiovascular outcomes in broader human populations.

	Effects of Tocotrienol-Rich Fraction on Lipid Profile Parameters
	One of the most consistently reported findings across the reviewed studies involved the modulation of lipid profile indicators following TRF supplementation. Several randomized controlled trials demonstrated reductions in total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) among participants receiving palm-derived tocotrienol supplementation compared with placebo groups [29]. Reported reductions in LDL-C ranged from approximately 8% to 22% depending on supplementation dose, intervention duration, and baseline cardiovascular risk profile [30]. In studies involving hypercholesterolemic adults, daily TRF administration between 100 mg and 300 mg for periods of 8–24 weeks was associated with measurable decreases in circulating LDL-C concentrations, particularly among participants presenting elevated baseline lipid levels [31].
	Several studies additionally reported moderate reductions in triglyceride concentrations after TRF supplementation. Decreases ranging between 6% and 15% were observed in intervention groups receiving tocotrienol-rich fraction for at least 12 weeks [32]. Improvements in high-density lipoprotein cholesterol (HDL-C) were less consistent across studies; however, modest HDL-C elevation was identified in selected trials involving metabolic syndrome and overweight populations [33]. In one randomized intervention study, HDL-C increased by approximately 4.8% after 16 weeks of supplementation with 200 mg/day TRF compared with baseline values.
	Some studies also reported reductions in total cholesterol-to-HDL ratio and LDL-to-HDL ratio following supplementation, indicating potential improvements in overall lipid balance associated with cardiovascular risk assessment [34]. Although the magnitude of lipid modulation varied among studies, the overall evidence demonstrated a recurrent tendency toward improved lipid metabolism parameters in participants receiving palm-derived tocotrienol supplementation.

	Oxidative Stress Biomarkers and Antioxidant Responses

	Another major theme identified in the included randomized controlled trials concerned the influence of TRF supplementation on oxidative stress and antioxidant-related biomarkers. Multiple studies demonstrated reductions in lipid peroxidation markers, particularly malondialdehyde (MDA), following intervention periods involving palm-derived tocotrienols [35]. Reported decreases in MDA concentrations ranged from approximately 10% to 35% after supplementation periods extending from 6 to 24 weeks.
	Several trials additionally documented increases in endogenous antioxidant enzyme activity, including superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase [36]. Enhanced antioxidant defense responses were particularly evident among participants presenting elevated oxidative stress conditions associated with obesity, metabolic syndrome, or type 2 diabetes (Latib et al., 2024). In one intervention study involving adults with metabolic abnormalities, plasma GPx activity increased by nearly 18% after daily supplementation with 200 mg TRF for 12 weeks [37].
	Reductions in oxidized LDL (ox-LDL) were also identified across several clinical studies [38]. Since ox-LDL represents a biomarker frequently associated with endothelial dysfunction and atherogenic processes, these findings were repeatedly evaluated within cardiovascular-focused intervention trials. In selected studies, circulating ox-LDL concentrations decreased by approximately 12%–20% following medium-term TRF supplementation [39]. Collectively, the reviewed evidence demonstrated consistent evaluation of antioxidant-related outcomes as central endpoints within TRF cardiovascular intervention research.

	Inflammatory Biomarkers and Immune-Related Responses
	The reviewed randomized controlled trials also demonstrated recurring investigation of inflammatory mediators associated with cardiovascular risk progression. Several studies reported reductions in high-sensitivity C-reactive protein (hs-CRP) following tocotrienol-rich fraction supplementation. Declines in hs-CRP ranged from approximately 9% to 28% across intervention periods lasting between 8 and 24 weeks.
	Additional inflammatory biomarkers examined in the included studies comprised interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and nuclear factor kappa B (NF-κB)-related signaling markers (Di Vincenzo et al., 2019). In several intervention studies involving adults with obesity-related inflammation or metabolic syndrome, significant reductions in circulating IL-6 concentrations were observed after supplementation periods exceeding 12 weeks. TNF-α reductions ranging from 7% to 19% were also documented in selected clinical trials [40].
	Certain studies further evaluated inflammatory gene expression profiles associated with endothelial activation and vascular inflammation [41]. Downregulation of selected pro-inflammatory pathways was identified in participants receiving moderate-dose TRF supplementation, although the magnitude of changes varied depending on study population characteristics and intervention
	duration. Overall, inflammatory biomarker assessment represented a substantial component of the cardiovascular outcomes investigated within the included randomized controlled trials.

	Vascular Function and Endothelial Health Outcomes
	Endothelial and vascular function constituted another prominent theme identified throughout the systematic review. Multiple randomized controlled trials assessed flow-mediated dilation (FMD), arterial stiffness, pulse wave velocity (PWV), and endothelial responsiveness following TRF supplementation [42]. Improvements in endothelial-dependent vasodilation were reported in several studies involving adults with early cardiovascular risk factors and impaired vascular function.
	In one intervention study, FMD values increased from 5.8% at baseline to 7.1% following 12 weeks of TRF supplementation at 200 mg/day [43]. Other trials demonstrated reductions in arterial stiffness markers, including pulse wave velocity decreases ranging from 0.4 to 1.2 m/s after medium-term supplementation. These vascular outcomes were frequently accompanied by concurrent reductions in oxidative stress and inflammatory markers, suggesting integrated cardiovascular biomarker responses within the reviewed intervention studies [44].
	Several studies additionally investigated nitric oxide (NO) bioavailability and endothelial nitric oxide synthase (eNOS)-related responses. Increased nitric oxide activity and improved endothelial responsiveness were observed in selected populations receiving tocotrienol-rich fraction supplementation over intervention periods exceeding 8 weeks [45]. Overall, vascular function assessment emerged as a recurring endpoint among contemporary randomized controlled trials examining cardiovascular effects associated with palm-derived tocotrienols.

	Blood Pressure and Hemodynamic Responses
	Blood pressure regulation was evaluated in numerous randomized controlled trials included in this review. Several studies reported modest reductions in systolic blood pressure (SBP) and diastolic blood pressure (DBP) following TRF supplementation [46]. Reported SBP reductions generally ranged between 3 mmHg and 9 mmHg, while DBP reductions ranged from approximately 2 mmHg to 6 mmHg depending on intervention duration and participant baseline status [47].
	The most pronounced effects were generally observed among individuals presenting with hypertension, obesity, or metabolic syndrome [48]. In one study involving adults with elevated cardiovascular risk, daily supplementation with 300 mg/day TRF
	for 16 weeks resulted in mean systolic pressure reductions of approximately 7.4 mmHg compared with baseline measurements. Other trials demonstrated smaller yet measurable hemodynamic improvements without significant adverse cardiovascular responses [49].
	Certain studies also monitored resting heart rate, vascular resistance, and hemodynamic stability parameters throughout the intervention period. Most findings indicated stable cardiovascular tolerance with no clinically significant deterioration in circulatory function during supplementation [50]. These observations contributed to the broader evaluation of cardiovascular physiological responses associated with tocotrienol-rich fraction administration.

	Metabolic Parameters Associated with Cardiovascular Risk
	Several randomized controlled trials additionally explored metabolic outcomes closely associated with cardiovascular disease progression. These included fasting blood glucose, insulin sensitivity, glycated hemoglobin (HbA1c), body mass index (BMI), and waist circumference [51]. Improvements in insulin resistance markers were identified in selected studies involving adults with metabolic syndrome or type 2 diabetes [52].
	In intervention studies lasting 12 weeks or longer, fasting blood glucose reductions ranging between 4% and 11% were reported among participants receiving TRF supplementation [53]. Some studies additionally demonstrated modest decreases in HbA1c concentrations, particularly in populations presenting elevated baseline glycemic markers. Improvements in homeostatic model assessment for insulin resistance (HOMA-IR) were also observed in selected randomized interventions [54].
	Anthropometric outcomes demonstrated less consistent findings across studies. While several trials reported modest reductions in waist circumference and body weight, other studies observed minimal changes despite improvements in biochemical cardiovascular markers [55]. Nonetheless, metabolic parameter evaluation remained closely integrated with cardiovascular outcome assessment throughout the reviewed randomized controlled trials.

	Safety Profile and Supplementation Tolerability
	Safety and tolerability represented important outcome domains across the included randomized controlled trials. Most studies reported that palm-derived tocotrienol-rich fraction supplementation was generally well tolerated within the investigated dosage ranges [56]. Intervention doses between 50 mg/day and 400 mg/day were commonly administered without
	serious adverse cardiovascular events or clinically significant laboratory abnormalities [57].
	Reported adverse effects were generally mild and transient, including gastrointestinal discomfort, mild headache, or temporary digestive symptoms. Several studies specifically monitored liver enzyme activity, renal function parameters, and hematological indices during supplementation periods [58]. Most findings demonstrated stable biochemical safety markers throughout the intervention duration [59].
	Longer-duration studies extending beyond six months also reported acceptable participant compliance and relatively low withdrawal rates associated with supplementation intolerance. Overall, the reviewed randomized controlled trials consistently incorporated safety monitoring as part of cardiovascular intervention assessment involving palm-derived tocotrienol-rich fraction supplementation.

	Discussion
	The present systematic literature review synthesizes evidence from 33 randomized controlled trials to address two principal research questions concerning the cardiovascular implications of palm oil-derived tocotrienol-rich fraction (TRF) supplementation. By integrating findings derived exclusively from controlled human intervention studies, this discussion provides a critical interpretation regarding the influence of TRF supplementation on cardiovascular-related biomarkers and clinical outcomes while simultaneously identifying recurring patterns, consistencies, and methodological variations across contemporary randomized controlled trials. Overall, the reviewed evidence demonstrates increasing scientific interest in palm-derived tocotrienol-rich fraction as a bioactive nutritional component associated with lipid regulation, oxidative stress modulation, inflammatory responses, endothelial function, and cardiovascular risk-related metabolic parameters.

	Influence of Palm Oil-Derived Tocotrienol-Rich Fraction on Cardiovascular-Related Biomarkers and Clinical Outcomes (Addressing RQ1)
	The first research question examined how palm oil-derived tocotrienol-rich fraction supplementation influences cardiovascular-related biomarkers and clinical outcomes in randomized controlled trials. Based on the synthesized findings, the reviewed evidence demonstrated that TRF supplementation was recurrently associated with favorable changes in several cardiovascular-related biomarkers, particularly lipid profile indicators, oxidative stress biomarkers, inflammatory mediators, endothelial responsiveness, and vascular function parameters.

	Although the magnitude of clinical response varied across studies, the overall findings indicate that tocotrienol-rich fraction possesses growing relevance within cardiovascular and metabolic health research [60,61].
	One of the most consistently reported outcomes involved improvements in lipid metabolism markers following TRF supplementation. Multiple randomized controlled trials demonstrated reductions in total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides, and oxidized LDL concentrations among intervention groups compared with placebo or baseline values [62]. These findings may partly reflect the biological activity of tocotrienols in regulating hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase pathways associated with endogenous cholesterol biosynthesis. In several studies, participants presenting hypercholesterolemia, obesity, metabolic syndrome, and type 2 diabetes mellitus demonstrated measurable reductions in circulating LDL-C concentrations after supplementation periods ranging from 8 to 24 weeks [63].
	Despite the relatively consistent reductions in LDL-C and oxidative lipid markers, the reviewed studies demonstrated more variable findings regarding high-density lipoprotein cholesterol (HDL-C) responses. Some intervention trials reported modest HDL-C increases following supplementation, whereas other studies identified minimal or statistically non-significant changes [64,65]. Such variability may be associated with differences in participant metabolic status, dietary background, supplementation dosage, physical activity patterns, and intervention duration. Consequently, the reviewed evidence suggests that the cardiovascular relevance of TRF supplementation may be more strongly associated with modulation of LDL-related pathways and oxidative balance rather than major HDL-C elevation alone.
	Another major finding involved the influence of TRF supplementation on oxidative stress biomarkers and endogenous antioxidant defense systems. Several randomized controlled trials reported reductions in malondialdehyde (MDA), oxidized LDL, and lipid peroxidation markers following medium-term supplementation. Improvements in antioxidant-related enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase were additionally identified across several intervention studies [66]. These findings indicate that tocotrienol-rich fraction may contribute to attenuation of oxidative imbalance frequently associated with endothelial dysfunction, vascular inflammation, and atherosclerotic progression.
	The antioxidant-related effects observed throughout the reviewed studies may partly be explained by the structural characteristics of tocotrienols, particularly the unsaturated isoprenoid side chain that may facilitate efficient membrane interaction and interruption of lipid peroxidation chain reactions. Importantly, oxidative stress attenuation represented one of the most consistent findings across the reviewed randomized controlled trials [67]. Compared with several other cardiovascular outcomes demonstrating heterogeneous responses, antioxidant biomarkers repeatedly demonstrated improvement following TRF supplementation, suggesting that oxidative modulation may represent one of the principal biological mechanisms underlying the cardiovascular relevance of palm-derived tocotrienol-rich fraction [68].
	The reviewed evidence additionally demonstrated notable attention toward inflammatory regulation and endothelial responsiveness as cardiovascular outcomes associated with TRF supplementation. Several studies reported reductions in inflammatory biomarkers including high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) following supplementation periods extending from several weeks to several months. Improvements in endothelial-dependent vasodilation, nitric oxide bioavailability, and arterial stiffness markers were also observed in selected intervention studies involving participants with early cardiovascular risk factors [69].
	The coexistence of improved oxidative stress markers, reduced inflammatory mediators, and enhanced endothelial responsiveness observed in multiple studies suggests the presence of interconnected biological pathways linking antioxidant activity with vascular regulation. Since endothelial tissues are highly susceptible to oxidative and inflammatory injury, interventions capable of modulating oxidative stress and inflammatory signaling may contribute indirectly to improved vascular homeostasis and circulatory function. Nevertheless, variability in biomarker assessment methods, participant baseline characteristics, supplementation duration, and vascular measurement techniques complicated direct comparison between studies [69].
	Overall, the findings addressing the first research question indicate that palm oil-derived tocotrienol-rich fraction supplementation demonstrates emerging potential to influence cardiovascular-related biomarkers associated with lipid metabolism, oxidative stress regulation, inflammatory modulation, and endothelial function. However, the reviewed evidence also indicates that the magnitude and consistency of these effects remain influenced by methodological diversity, participant characteristics, intervention
	protocols, and baseline cardiovascular risk conditions across randomized controlled trials.

	Recurring Patterns, Consistencies, and Variations Across Contemporary Randomized Controlled Trials (Addressing RQ2)
	The second research question focused on identifying recurring patterns, consistencies, and methodological variations across contemporary randomized controlled trials investigating the cardiovascular implications of tocotrienol-rich fraction supplementation. Several important patterns emerged throughout the reviewed literature. First, the majority of intervention studies focused on adults presenting elevated cardiovascular or metabolic risk factors, including hypercholesterolemia, obesity, hypertension, metabolic syndrome, endothelial dysfunction, and type 2 diabetes mellitus. This recurring pattern indicates that current TRF-related cardiovascular research has primarily concentrated on populations characterized by pre-existing metabolic or vascular disturbances rather than healthy populations [70].
	Second, most randomized controlled trials emphasized surrogate cardiovascular biomarkers rather than long-term clinical cardiovascular outcomes. Lipid profile parameters, oxidative stress biomarkers, inflammatory mediators, endothelial responsiveness, and blood pressure indicators represented the most frequently evaluated outcomes across studies [71,72]. In contrast, relatively limited evidence was available concerning major cardiovascular events such as myocardial infarction incidence, stroke occurrence, cardiovascular hospitalization, or long-term mortality outcomes. Consequently, although the reviewed evidence demonstrates promising biomarker-related responses associated with TRF supplementation, direct evidence regarding long-term cardiovascular event prevention remains limited [73].
	Another recurring pattern involved substantial heterogeneity in intervention design and methodological approach. Supplementation dosages varied considerably across studies, generally ranging between 50 mg/day and 400 mg/day, while intervention durations extended from several weeks to more than one year [74,75]. Variations additionally existed regarding participant age, disease severity, dietary intake, medication use, placebo formulation, and biomarker assessment procedures. Such methodological diversity complicates direct comparison between studies and may partly explain inconsistencies in the magnitude of cardiovascular responses observed throughout the reviewed literature.
	The reviewed studies additionally demonstrated variability in sample size and statistical power. Several intervention trials involved relatively small participant populations, thereby limiting generalizability and potentially reducing sensitivity for detecting subtle cardiovascular effects [76]. Differences in adherence monitoring, supplementation formulation, and vascular assessment techniques further contributed to variability in reported outcomes. These findings indicate that future randomized controlled trials would benefit from greater methodological standardization to improve evidence comparability and strengthen interpretation of cardiovascular outcomes associated with palm-derived tocotrienol-rich fraction supplementation [77].
	Despite these methodological variations, several consistencies remained apparent throughout the reviewed evidence. Most studies demonstrated that TRF supplementation was generally well tolerated within the investigated dosage ranges and rarely associated with serious adverse effects or clinically significant biochemical abnormalities. In addition, oxidative stress-related biomarkers consistently demonstrated improvement across multiple intervention studies, suggesting that antioxidant modulation may represent one of the most reproducible biological responses associated with TRF supplementation. Lipid-related improvements, particularly reductions in LDL-C and oxidized LDL, also appeared relatively recurrent despite differences in study populations and intervention protocols [78].
	Overall, the findings synthesized in this systematic literature review indicate that palm oil-derived tocotrienol-rich fraction demonstrates growing relevance within cardiovascular and metabolic health research, particularly regarding oxidative stress attenuation, lipid metabolism regulation, inflammatory modulation, and endothelial support. Nevertheless, the current body of evidence remains characterized by methodological heterogeneity, variation in intervention protocols, and limited long-term clinical cardiovascular outcome assessment. The implications of this review suggest that palm-derived TRF may represent a promising bioactive nutritional component within preventive cardiovascular research and functional nutrition development. However, future randomized controlled trials should prioritize larger sample sizes, longer intervention durations, standardized biomarker assessment procedures, and evaluation of long-term cardiovascular outcomes to strengthen evidence consistency and improve clinical applicability. Additional investigations exploring dose-response relationships, population diversity, and interactions between TRF supplementation and broader dietary patterns may further contribute to understanding the cardiovascular implications of palm-derived tocotrienol-rich fraction within contemporary nutritional science and clinical research contexts [79-81].

	Conclusion
	The present systematic literature review demonstrates that palm oil-derived tocotrienol-rich fraction (TRF) has been increasingly investigated within randomized controlled trials focusing on cardiovascular-related biomarkers and metabolic risk parameters. The synthesized evidence from 33 eligible studies indicates that TRF supplementation was recurrently associated with improvements in several cardiovascular-related outcomes, particularly lipid profile regulation, oxidative stress attenuation, inflammatory biomarker modulation, endothelial responsiveness, and vascular function indicators. Reductions in low-density lipoprotein cholesterol, oxidized lipid markers, malondialdehyde, inflammatory mediators, and selected hemodynamic parameters were among the most consistently reported findings across the reviewed intervention studies.
	The evidence additionally suggests that antioxidant-related responses represent one of the most reproducible outcomes associated with TRF supplementation. Improvements in endogenous antioxidant defense systems and reductions in oxidative stress biomarkers were repeatedly identified across diverse participant populations, including individuals with hypercholesterolemia, metabolic syndrome, obesity, hypertension, endothelial dysfunction, and type 2 diabetes mellitus. These findings indicate that oxidative stress modulation may constitute a central biological mechanism underlying the cardiovascular relevance of palm-derived tocotrienol-rich fraction supplementation.
	Despite the generally favorable direction of findings, the reviewed randomized controlled trials also demonstrated substantial methodological heterogeneity. Variations in supplementation dosage, intervention duration, participant characteristics, baseline cardiovascular risk profiles, biomarker selection, and outcome assessment procedures contributed to differences in the magnitude and consistency of reported effects. Furthermore, most studies emphasized surrogate cardiovascular biomarkers rather than long-term clinical cardiovascular endpoints such as cardiovascular events, hospitalization, or mortality outcomes. Consequently, although the current evidence supports the growing scientific relevance of TRF within cardiovascular and nutritional research, interpretation of clinical applicability should remain contextualized within the methodological diversity of the available literature.
	The overall synthesis indicates that palm oil-derived tocotrienol-rich fraction represents a promising bioactive component within contemporary cardiovascular and functional nutrition research, particularly in relation to oxidative balance, lipid metabolism, inflammatory regulation, and vascular health maintenance. Nevertheless, further large-scale randomized controlled trials with
	longer intervention periods, standardized methodologies, broader population representation, and clinically robust cardiovascular endpoints remain necessary to strengthen evidence consistency and improve translational relevance within future clinical and nutritional applications.
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