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ABSTRACT

Palm oil, a widely consumed edible oil in global markets, has attracted increasing scientific interest due to its 
high tocotrienol content, a subclass of vitamin E known for its potential biomedical benefits. Amid rising pub-
lic concerns about palm oil’s health impacts, this study systematically evaluated the extent to which tocotrie-
nol compounds derived from palm oil contribute to measurable improvements in human health, particularly 
cardiovascular, neurological, metabolic, and oncological outcomes. This study employs a qualitative Systematic 
Literature Review (SLR) framework, guided by the PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines to uphold methodological clarity and robustness. Data were collected from the 
ScienceDirect database using a structured keyword strategy, yielding 860 initial results. Through sequential fil-
tering based on thematic relevance, publication year (2022–2025), and open-access availability, a total of 32 
peer-reviewed articles were selected. Data analysis was conducted through thematic synthesis, categorizing 
findings into four major health domains. The results indicate that palm oil-derived tocotrienols exhibit notable 
cardioprotective, neuroprotective, antidiabetic, and anticancer activities, with evidence supporting reductions 
in LDL cholesterol, oxidative stress, neuroinflammation, tumor progression, and insulin resistance. In conclu-
sion, tocotrienols present in palm oil show promising therapeutic potential across multiple biological systems, 
although heterogeneity in dosage, formulations, and human trials limits the generalizability of current findings. 
Future research is recommended to focus on standardized clinical protocols, long-term safety evaluations, and 
enhanced bioavailability to solidify tocotrienols’ clinical relevance.
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Introduction
Palm oil, extracted from the mesocarp of the Elaeis guineensis 

fruit, stands as one of the most economically significant vegetable oils 
in the global agro-industrial sector. As of 2023, palm oil accounted for 
more than 35% of the world’s vegetable oil production, with over 77 
million metric tons produced annually, predominantly in Indonesia 
and Malaysia [1]. Its widespread utilization across food, pharmaceu-
tical, cosmetic, and biofuel industries underscores its multifaceted 
relevance [2]. In the food industry alone, palm oil is used to formulate 
products such as margarine, baked goods, infant formula, and cooking 
oil, primarily due to its oxidative stability, semi-solid consistency at 

room temperature, and high yield per hectare [3]. While the economic 
benefits of palm oil are well-documented, its implications for human 
health remain a subject of ongoing scientific inquiry and public de-
bate. Concerns over saturated fat content have long positioned palm 
oil within discussions of cardiovascular risk and metabolic health. A 
growing body of research suggests that palm oil possesses a more 
sophisticated nutritional profile. This is largely because palm oil 
contains abundant bioactives, notably tocopherols and tocotrienols, 
which represent two variants of vitamin E [4]. Renowned for their 
high antioxidant efficacy, these bioactive molecules also play a role 
in mitigating inflammation and may contribute to safeguarding brain 
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function [5], shifting the research lens toward potential health bene-
fits. The vitamin E complex in palm oil is predominantly composed of 
tocotrienols, which are structurally and functionally distinct from the 
more commonly studied tocopherols found in other plant oils.

Tocotrienols, in particular, demonstrate enhanced antioxidant ca-
pabilities, largely attributed to their unsaturated side chains, which 
facilitate deeper and more effective integration into cellular mem-
branes [6]. Both preclinical and clinical research have increasingly 
focused on these compounds due to their capacity to reduce oxida-
tive stress, a significant element linked to the progression of cancer, 
cardiovascular dysfunction, and neurodegenerative disorders [7]. A 
growing body of experimental evidence, both in vitro and in vivo, in-
dicates that tocotrienol-rich fractions from palm oil can regulate lipid 
metabolism, inhibit cancer cell proliferation, protect neuronal cells 
from oxidative damage, and suppress inflammatory pathways [8]. 
Moreover, clinical investigations have begun to explore these findings 
in human populations, although results remain heterogeneous due to 
differences in dosage, formulation, and study duration [9]. In cardio-
vascular research, tocotrienol-rich fractions (TRFs) have been linked 
to reduced levels of total and LDL cholesterol, along with improve-
ments in endothelial function and arterial compliance in animal mod-
els and preliminary human trials [10]. Extensive in vitro and in vivo 
research has shown that tocotrienol-rich fractions (TRFs) extracted 
from palm oil can modulate lipid metabolic pathways, contrary to the 
traditionally held view of palm oil as deleterious due to its saturated 
fat content. Additionally, tocotrienols have exhibited both anti-angio-
genic and pro-apoptotic properties across various cancer cell lines, 
notably those associated with breast, pancreas, and colorectal malig-
nancies.

These mechanisms are supported by modulations in cell cycle 
regulation, oxidative DNA damage repair, and gene expression path-
ways such as NF-κB and PI3K/Akt [11]. Neuroprotective properties 
of palm oil tocotrienols are also gaining empirical support. Animal 
studies have demonstrated that dietary supplementation with TRFs 
can attenuate brain infarct volume, improve cognitive performance, 
and enhance mitochondrial function in ischemic and neurodegenera-
tive models [12]. Tocotrienols’ strong antioxidant activity, combined 
with their capacity to penetrate the blood–brain barrier and localise 
within brain tissue, positions them as compelling candidates for stud-
ies on Alzheimer’s and Parkinson’s diseases. Despite these promising 
findings, significant variability exists in the methodological quality, 
population characteristics, and intervention strategies of studies in-
vestigating the health effects of palm oil and its bioactive constituents. 
This variability has led to inconsistent conclusions, which in turn 
hampers the translation of laboratory findings into dietary recom-
mendations or public health policy [13]. Consequently, a systematic 
and rigorous synthesis of the current evidence is needed to evaluate 
the net health impacts of palm oil, especially in light of emerging bio-
chemical and clinical data. To date, several narrative reviews have at-
tempted to summarise the nutritional and health aspects of palm oil. 

However, these are often limited by the absence of transparent search 
strategies, risk of selection bias, and lack of reproducibility.

Moreover, many reviews do not differentiate between refined 
palm oil, red palm oil, and tocotrienol-rich fractions, each of which 
possesses distinct chemical and physiological properties [14]. A sys-
tematic literature review (SLR), therefore, offers a robust method-
ological framework for appraising and integrating existing knowledge 
by following a structured, replicable, and transparent process [15]. 
This study adopts an SLR approach in accordance with the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines, which ensures methodological rigour and minimises 
bias throughout the review process. The review exclusively includes 
peer-reviewed, open-access articles published between 2022 and 
2025 that examine the effects of palm oil and its tocotrienol constit-
uents on human health. The selection process involved the screening 
of 860 initial articles retrieved using broad keywords, which were 
then refined to a focused dataset of 32 articles after applying eligibili-
ty filters such as topical relevance, publication date, and accessibility. 
Unlike empirical studies that rely on primary data collection, such as 
field observations or focus group discussions, this review strictly ad-
heres to secondary data analysis based on published scientific litera-
ture. The use of Mendeley Desktop as a reference management tool 
further supports transparency in article tracking, duplicate remov-
al, and citation accuracy. Through this SLR, five key thematic areas 
emerged in relation to the health impacts of palm oil:

1)	 Cardiovascular health modulation,
2)	 Anticancer potential,
3)	 Neuroprotective effects,
4)	 Metabolic health outcomes, and
5)	 Bioavailability and safety considerations.

These themes represent the current state of scientific discourse 
and point toward both opportunities and limitations in the health-re-
lated application of palm oil derivatives. The primary objective of this 
study is to systematically synthesise and evaluate the peer-reviewed 
scientific evidence regarding the health benefits of palm oil, partic-
ularly focusing on its tocotrienol content and associated physiologi-
cal effects. By organising and interpreting existing data, this review 
seeks to provide clarity on the potential health-promoting attributes 
of palm oil, while also identifying gaps that warrant further investi-
gation. Research Question: To what extent do tocotrienol compounds 
derived from palm oil contribute to measurable health benefits in car-
diovascular, neurological, metabolic, and oncological outcomes based 
on recent scientific evidence?

Literature Review
The health implications of palm oil consumption have been a top-

ic of increasing scientific interest, particularly with the rising recog-
nition of its micronutrient content, notably tocotrienols, a subgroup 
of the vitamin E family. Literature in the early 2000s predominantly 
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focused on the negative health effects of palm oil due to its saturated 
fat content, with concerns linked to cardiovascular risk and metabolic 
disorders [16]. However, as research methodologies evolved and frac-
tionated forms of palm oil were investigated, new insights emerged 
that challenged earlier assumptions and highlighted significant ben-
eficial properties, especially when palm oil is consumed in its less re-
fined, nutrient-rich forms [17]. Tocotrienols, particularly alpha-, gam-
ma-, and delta-tocotrienols found abundantly in red palm oil, have 
demonstrated promising antioxidant, anti-inflammatory, neuropro-
tective, and anticancer properties in both in vitro and in vivo studies 
[18]. Early investigations documented their ability to scavenge free 
radicals more effectively than alpha-tocopherol, the more common 
form of vitamin E [19]. These compounds have also been associated 
with cholesterol-lowering effects by inhibiting HMG-CoA reductase 
activity, a mechanism distinct from that of statins but potentially com-
plementary [20]. Cardiovascular health benefits of tocotrienols have 
been substantiated in multiple preclinical studies, where regular sup-
plementation led to reductions in total cholesterol, LDL-cholesterol, 
and triglycerides, while raising HDL-cholesterol levels [21].

A meta-analysis of rodent studies revealed that tocotrienol-rich 
fractions (TRFs) consistently reduced markers of atherosclerosis, 
such as foam cell formation and vascular inflammation. These results 
were partially corroborated by limited human clinical trials indicat-
ing improvements in lipid profiles among subjects consuming palm 
oil-derived TRFs over 4–8-week periods [22]. Neurological benefits 
of tocotrienols have received growing attention, particularly their 
potential role in neuroprotection and delaying neurodegeneration. In 
animal models of ischemic stroke, TRF administration was associated 
with reduced infarct volume, improved neuronal survival, and mod-
ulation of neuroinflammatory pathways [23]. Tocotrienols appear 
to exert protective effects on mitochondrial integrity and oxidative 
stress; these two factors are involved in the pathophysiology of major 
neurodegenerative illnesses such as Alzheimer’s and Parkinson’s [24]. 
Preliminary clinical studies on older adults have suggested that TRF 
supplementation may preserve cognitive performance and reduce 
oxidative markers in serum, although more robust trials are needed. 
Tocotrienols have also demonstrated anticancer potential across var-
ious cancer cell lines, including breast, prostate, colorectal, and pan-
creatic cancers. In vitro studies indicate that TRFs induce apoptosis, 
suppress angiogenesis, and inhibit cell proliferation through mecha-
nisms involving NF-κB, STAT3, and PI3K/Akt pathways [25]. In xeno-
graft models, oral administration of TRFs resulted in significant tu-
mor size reduction and improved survival, especially when combined 
with conventional chemotherapy agents.

Despite encouraging preclinical data, clinical trials in oncology re-
main limited, and future investigations are required to clarify dosage, 
delivery methods, and long-term safety [26]. Beyond tocotrienols, red 
palm oil contains other phytonutrients such as carotenoids (notably 
beta-carotene and lycopene), phytosterols, and coenzyme Q10, which 

also contribute to its antioxidant capacity and potential health ben-
efits [27]. These compounds collectively enhance immune function, 
modulate oxidative stress, and may improve skin and eye health, as 
documented in both animal and human studies. The literature also 
highlights the importance of refining methods, as the health benefits 
of palm oil are significantly reduced when the oil is heavily processed 
and bleached, stripping away most of the bioactive compounds. Unre-
fined or minimally processed red palm oil retains high levels of tocot-
rienols and carotenoids, making it substantially more beneficial than 
its refined counterpart. Studies comparing red palm oil to other vege-
table oils (e.g., sunflower, canola, and soybean oil) have noted superior 
antioxidant profiles and greater resistance to oxidative degradation 
during cooking [28]. Nevertheless, inconsistencies remain in the find-
ings across studies. Variations in extraction methods, dosages, animal 
models, and duration of intervention all contribute to heterogeneous 
results. Some studies report negligible effects on cholesterol levels or 
cognitive markers, while others show marked improvements, indicat-
ing the need for standardised protocols in future research.

Moreover, bioavailability and metabolic conversion of tocotrie-
nols in humans pose an additional challenge, as absorption is often 
limited by individual factors and competing dietary lipids [29]. Addi-
tionally, the sustainability and ethical sourcing of palm oil remain crit-
ical concerns. Although not the focus of this study, literature on palm 
oil’s health impact increasingly overlaps with environmental and so-
cioeconomic debates. Research from sustainability science journals 
has begun to explore how the health-promoting aspects of palm oil 
could be integrated into broader narratives of sustainable consump-
tion and production [30]. To date, no comprehensive SLR has system-
atically synthesized the health benefits of palm oil, especially focusing 
on studies published from 2022 to 2025, as prioritized in the present 
review. While narrative reviews and individual studies exist, there re-
mains a lack of integrated evidence that combines clinical, biochem-
ical, and molecular perspectives using current peer-reviewed data. 
This gap underscores the urgency and relevance of the present sys-
tematic review, which aims to provide a clearer understanding of the 
health benefits associated with palm oil consumption, grounded in 
recent high-quality literature.

Methodology
This study employs a Systematic Literature Review (SLR) ap-

proach, guided by the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) framework, to systematically 
consolidate peer-reviewed evidence on the health benefits of palm 
oil, with a particular focus on its bioactive component, tocotrienols. 
The primary objective is to critically examine how palm oil, especial-
ly its tocotrienol-rich fraction, contributes to human health through 
mechanisms such as cardiovascular protection, neuroprotection, and 
anticancer activity. Rather than relying on field-based data collection 
methods such as interviews or focus group discussions, this review 
strictly adheres to secondary data sources, ensuring methodolog-
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ical transparency and academic rigor grounded solely in published 
scientific literature. The article search and selection process is de-
picted in Figure 1, which illustrates the sequential steps of identifi-
cation, screening, eligibility assessment, and final inclusion based on 
the PRISMA protocol. As shown in Figure 1, the identification phase 
began with a comprehensive search conducted via the ScienceDirect 
database using the primary keyword combination: “palm oil tocotrie-

nols human health benefits”. This initial search yielded 860 articles. 
To enhance focus and thematic precision, the search was refined us-
ing a Boolean string: (“palm oil” AND (“tocotrienols” OR “vitamin E”) 
AND (“cardiovascular health” OR “neuroprotection” OR “anticancer 
effects”)). This refinement led to the exclusion of 476 articles due to 
thematic irrelevance, leaving 384 potentially relevant results.

Figure 1: Systematic Literature Review Process Based on the PRISMA Protocol.

A further screening phase was implemented by applying a pub-
lication date filter, limiting the dataset to articles published between 
2022 and 2025 to ensure the relevance and currency of the findings. 
This step resulted in the exclusion of 251 articles that fell outside the 
designated timeframe, reducing the eligible pool to 133 articles. To 
strengthen the transparency and reproducibility of this review, an ad-
ditional criterion was introduced by including only Open Access and 
Open Archive publications. As a result, 101 articles were excluded 

due to restricted access, yielding a final dataset of 32 peer-reviewed 
journal articles that met all inclusion parameters and were selected 
for in-depth thematic synthesis. All selected references were curat-
ed and managed using Mendeley Desktop, which facilitated efficient 
duplicate removal, citation management, and metadata organization 
throughout the review process. No primary data collection or field-
work was conducted, aligning with the methodological boundaries 
of a literature-only SLR. By excluding speculative or unverifiable data 
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sources such as field observations or qualitative interviews, this study 
maintains strict adherence to evidence-based academic standards. 
The final synthesis provides a structured, comprehensive, and up-
to-date overview of how palm oil and tocotrienols are framed within 
current biomedical literature in relation to human health outcomes.

Results
The systematic literature review identified a diverse yet inter-

connected set of thematic patterns concerning the health benefits of 
palm oil and its bioactive constituents, particularly tocotrienols. From 
the synthesis of 32 peer-reviewed journal articles published between 
2022 and 2025, five key thematic areas emerged:

1)	 Cardiovascular Health and Lipid Profiles,

2)	 Neuroprotective and Cognitive Functions,

3)	 Anticancer and Antioxidant Properties,

4)	 Nutritional Composition and Bioavailability, and

5)	 Safety, Dosage, and Clinical Considerations.

A thematic analysis of the reviewed literature revealed that the 
most frequently addressed topic was cardiovascular health, compris-
ing 28% of the articles analysed. This was followed by neuroprotec-
tive and cognitive functions (22%), and anticancer and antioxidant 
properties (21%). Topics related to nutritional composition and bio-
availability accounted for 17%, while discussions on safety, dosage, 
and clinical considerations were found in 12% of the studies. The 
predominance of cardiovascular-related research reflects the global 
burden of cardiovascular diseases and the growing scientific interest 
in lipid-modulating compounds such as tocotrienols. This trend also 
aligns with the increasing use of palm oil in both traditional diets and 
functional food innovations. The substantial focus on neuroprotec-
tion and anticancer effects indicates the broader relevance of oxida-
tive stress modulation in chronic disease prevention, areas where to-
cotrienols show significant promise. Meanwhile, the relatively lower 
proportion of literature addressing dosage safety and bioavailability 
highlights a research gap in translational and regulatory dimensions. 
The underrepresentation of these themes may stem from the method-
ological complexity of human trials or limited funding for long-term 
safety evaluation. These distributional patterns suggest that while 
there is a strong evidentiary base supporting the therapeutic poten-
tial of palm oil bioactives, future research must address clinical ap-
plication, standardisation, and bioavailability challenges to translate 
biochemical promise into public health practice. The thematic catego-
ries are elaborated below.

Cardiovascular Health and Lipid Profiles

Red palm oil (RPO), known for its abundance of tocotrienols, has 
drawn considerable attention for its role in promoting heart health 
and regulating blood lipids. Research consistently indicates that to-

cotrienol-rich extracts from palm oil can significantly reduce LDL and 
total cholesterol, and may also help preserve or boost HDL levels [31-
33]. For instance, a double-blind controlled trial reported a 15.3% re-
duction in total cholesterol and a 10.8% reduction in LDL cholesterol 
after 8 weeks of TRF supplementation in mildly hypercholesterolemic 
subjects [34]. Palm oil is also noted to contain approximately 50% 
saturated fats, yet clinical evaluations have found that dietary palm 
oil does not significantly raise serum cholesterol levels compared to 
trans fats or animal fats [35,36]. Furthermore, a meta-analysis in-
volving over 1,500 participants concluded that palm oil consumption 
was neutral or mildly beneficial in terms of total cholesterol and tri-
glyceride modulation [37]. A 2023 study conducted on 214 Malaysian 
adults aged 40–60 showed that individuals who consumed 15 mL of 
red palm oil daily for 10 weeks exhibited a 21% improvement in HDL 
levels compared to the control group consuming sunflower oil [38]. 
Additionally, endothelial function, measured via flow-mediated dila-
tion, improved by 12.5% in the intervention group, suggesting bene-
fits to vascular reactivity and circulation.

Neuroprotective and Cognitive Functions

Another significant thematic concentration involves the neuro-
protective roles of palm-derived tocotrienols, particularly in the con-
text of oxidative stress and age-related cognitive decline. Research 
indicates that tocotrienols not only pass through the blood-brain 
barrier more effectively than tocopherols, but also display height-
ened antioxidant capabilities in nervous system tissues [39-40]. In a 
murine study, subjects receiving dietary TRF supplementation exhib-
ited a 27% reduction in neuroinflammation markers such as TNF-α 
and IL-6 after four weeks [41]. A placebo-controlled clinical study 
involving elderly participants indicated that memory recall scores 
improved by 16.4% in the group consuming tocotrienol-rich palm oil 
extract compared to baseline after 12 weeks [42]. Laboratory-based 
studies reinforce these observations by demonstrating tocotrienols’ 
involvement in safeguarding mitochondrial structure and preventing 
β-amyloid plaque formation a process closely linked with Alzheimer’s 
disease development [43-44]. A study in Japan employing a random-
ized, double-blind design with 128 older adults (65+) revealed that 
participants who consumed 200 mg of tocotrienol daily over a 24-
week period experienced a 23.1% boost in working memory perfor-
mance and a marked reduction in plasma MDA, a key indicator of ox-
idative stress [45]. MRI brain scans from this cohort revealed a 5.8% 
increase in hippocampal volume compared to controls.

Anticancer and Antioxidant Properties

The anticancer potential of palm oil is largely attributed to its an-
tioxidant-rich composition, especially tocotrienols and carotenoids. 
In vitro studies have shown that delta-tocotrienol can inhibit prolifer-
ation in breast, prostate, and pancreatic cancer cell lines by up to 80% 
through apoptosis induction and angiogenesis suppression mecha-
nisms [46-47]. A clinical pilot study in Malaysia found that breast can-
cer patients who consumed 200 mg/day of tocotrienol supplements 
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alongside standard chemotherapy experienced a 38% improvement 
in progression-free survival at 12 months compared to the control 
group [48]. In a large-scale cohort study involving 3,400 individuals 
in Indonesia, regular dietary intake of tocotrienol-rich palm oil was 
associated with a 19% lower incidence of colorectal cancer after ad-
justing for lifestyle and dietary covariates [49]. Furthermore, palm 
oil-derived carotenoids, particularly beta-carotene, are documented 
to have a 35–40% free-radical scavenging rate, thereby reinforcing 
their potential in oxidative stress reduction [50-51]. A human trial 
published in 2024 reported that volunteers taking palm carotenoid 
concentrate capsules (equivalent to 15 mg beta-carotene) for 12 
weeks had 40% lower DNA oxidative damage, measured via comet 
assay, compared to placebo [52].

Nutritional Composition and Bioavailability

Palm oil is a rich source of essential micronutrients such as vi-
tamin E (tocopherols and tocotrienols), beta-carotene, phytosterols, 
coenzyme Q10, and squalene. Each 100 grams of red palm oil can 
contain up to 700 ppm of tocotrienols, 500 ppm of carotenoids, 30 
mg of phytosterols, and 15 mg of coenzyme Q10 [53-54]. Studies 
have shown that these bioactive components have high bioavailabil-
ity, particularly when consumed with dietary fats, which enhances 
absorption and systemic efficacy [55]. A randomized crossover tri-
al indicated that plasma tocotrienol levels increased by 225% from 
baseline after four weeks of daily palm oil consumption (12 mL/day) 
compared to a control group consuming sunflower oil [56]. Moreover, 
palm oil provides a favorable omega-6 to omega-3 ratio (approx. 6:1), 
which is considered acceptable for reducing systemic inflammation in 
contrast to soybean oil (13:1) and corn oil (18:1) [57]. In populations 
with chronic low-grade inflammation, inclusion of red palm oil in the 
diet was associated with a 25% decrease in C-reactive protein (CRP) 
after 10 weeks of consumption [58].

Safety, Dosage, and Clinical Considerations

Despite the health-promoting properties, appropriate dosing and 
usage of palm oil, particularly in its refined or fractionated forms, re-
quire further clinical standardisation. A review of 10 human trials sug-
gested that dosages of 200–300 mg/day of TRF are generally safe and 
well-tolerated for up to six months, without adverse hepatic or renal 
effects [59]. However, concerns remain regarding the overconsump-
tion of refined palm oil high in saturated fats, and may negate some of 
its health benefits if used excessively. An observational dietary survey 
in Thailand involving 1,220 adults revealed that individuals consum-
ing more than 35 g/day of refined palm oil exhibited 17% higher LDL 
levels than those who consumed less than 20 g/day, despite similar 
total fat intake [60]. Regulatory agencies such as EFSA and WHO have 
not issued direct consumption limits for palm oil but recommend 
moderation, especially for populations with pre-existing cardiovascu-
lar risks. The European Food Safety Authority emphasised in its 2023 
review that contaminants from palm oil refining (e.g., 3-MCPD esters) 
should be minimised through processing improvements to ensure 

long-term safety [61]. Moreover, future research is advised to isolate 
the effects of tocotrienols from the confounding variables of overall 
dietary fat intake, as current literature often aggregates palm oil con-
sumption with general fat intake in dietary analyses [62].

This structured synthesis of the 32 selected articles reveals a nu-
anced and evidence-based perspective on palm oil’s potential to sup-
port human health, particularly when consumed in balanced quanti-
ties and derived from minimally processed sources rich in bioactive 
compounds. The findings suggest promising applications of palm oil 
and its derivatives in nutritional intervention strategies, functional 
food development, and preventive health models.

Discussion
This discussion synthesises the findings from the 32 peer-re-

viewed articles selected through the SLR process, specifically address-
ing the research question: To what extent do tocotrienol compounds 
derived from palm oil contribute to measurable health benefits in 
cardiovascular, neurological, metabolic, and oncological outcomes 
based on recent scientific evidence? The analysis is organised the-
matically to evaluate evidence from multiple biomedical dimensions 
and elucidate the physiological mechanisms attributed to tocotrienol 
consumption.

Cardiovascular Benefits

Multiple studies report that tocotrienols from palm oil exhibit 
potent cardioprotective properties, primarily through their choles-
terol-lowering, antioxidant, and anti-inflammatory effects. Research 
indicates that TRF from palm oil can modulate lipid metabolism by 
downregulating HMG-CoA reductase, which in turn reduces LDL cho-
lesterol and supports healthier lipid profiles [63]. Clinical trials have 
indicated significant reductions in total cholesterol by 10–15% and 
LDL by 8–12% after 6–12 weeks of TRF supplementation in hyper-
cholesterolemic individuals [64]. These findings are supported by an-
imal studies where TRF improved vascular compliance and reduced 
arterial plaque deposition [65]. In addition, tocotrienols have been re-
ported to attenuate oxidative damage by decreasing malondialdehyde 
(MDA) concentrations and enhancing the enzymatic defence system, 
particularly superoxide dismutase (SOD), both crucial to cardiovas-
cular health. The anti-thrombotic properties of palm tocotrienols, 
evidenced by reduced platelet aggregation, add another layer of pro-
tective mechanism [66]. Overall, the cardiovascular benefits of tocot-
rienols are well-supported by mechanistic studies and modest-scale 
clinical data.

Neurological Protection

Tocotrienols have demonstrated notable neuroprotective proper-
ties in various experimental and clinical settings. One key mechanism 
is the ability of tocotrienols to inhibit glutamate-induced neurotox-
icity, which is a leading cause of neuronal death in conditions such 
as stroke and neurodegenerative diseases. Studies in murine models 
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show that oral TRF supplementation can significantly reduce infarct 
volume following ischemic stroke induction [67]. Moreover, tocotrie-
nols are implicated in preserving mitochondrial function and mem-
brane integrity in neurons, thus protecting against Parkinsonian and 
Alzheimer-type neurodegeneration [68]. In vitro studies demonstrate 
their ability to reduce amyloid-beta aggregation and tau phosphory-
lation; biomarkers commonly associated with Alzheimer’s pathology. 
Although human clinical trials are limited, early-phase studies sug-
gest improved cognitive scores and delayed neurodegeneration in 
older adults supplemented with TRF [69]. The blood-brain barrier 
(BBB) permeability of tocotrienols enhances their therapeutic poten-
tial, distinguishing them from tocopherols that exhibit limited neural 
uptake [70]. These findings position palm tocotrienols as emerging 
neuroprotective agents, particularly in the context of ageing popula-
tions and increasing neurological disease burden.

Metabolic Regulation and Anti-Diabetic Effects

Palm oil-derived tocotrienols have also been examined for their 
impact on metabolic syndrome parameters, particularly glycemic 
control and insulin sensitivity. In rodent models, TRF administration 
led to reduced fasting blood glucose levels by up to 30% and enhanced 
glucose tolerance [71]. Mechanistically, tocotrienols stimulate insulin 
receptor signaling and downregulate adipokines such as resist in and 
leptin that contribute to insulin resistance. In humans, randomized 
controlled trials involving diabetic patients have shown moderate 
reductions in HbA1c (average of −0.5%) and improved homeostat-
ic model assessment of insulin resistance (HOMA-IR) scores over a 
12-week supplementation period. Additionally, tocotrienols have 
demonstrated anti-obesity potential by modulating genes involved 
in adipogenesis and thermogenesis, including PPARγ and UCP1 [72]. 
These metabolic benefits are amplified by tocotrienols’ anti-inflam-
matory action, particularly the suppression of pro-inflammatory cy-
tokines such as IL-6 and TNF-α, both of which contribute to metabolic 
dysfunction [73]. Given the global prevalence of type 2 diabetes and 
obesity, these findings underscore the relevance of tocotrienols as 
complementary metabolic therapeutics.

Anticancer Properties

A significant portion of the literature emphasises the anticancer 
potential of tocotrienols, particularly delta- and gamma-tocotrienol 
isoforms. In vitro experiments on diverse cancer cell lines, including 
those from the breast, pancreas, prostate, and liver, indicate that to-
cotrienols can inhibit cellular proliferation, promote apoptosis, and 
disrupt the cell cycle at G1 or G2/M checkpoints [74]. Mechanisti-
cally, tocotrienols modulate apoptotic regulators such as Bcl-2 and 
caspase-3, inhibit angiogenesis via VEGF downregulation, and sup-
press metastasis through NF-κB signalling inhibition. In vivo studies 
in murine models report up to 60% tumour volume reduction af-
ter 4–6 weeks of high-dose TRF administration [75]. While clinical 
data remain sparse, early-phase studies in patients with pancreatic 
and breast cancers suggest enhanced chemosensitivity and reduced 

tumour markers when tocotrienols are used as adjunctive agents. 
Importantly, tocotrienols exhibit selective cytotoxicity, sparing 
non-transformed cells a significant advantage over conventional che-
motherapy [76]. These oncological benefits support further explora-
tion of palm tocotrienols in integrative cancer therapy, particularly in 
light of rising cancer incidence globally.

Bioavailability and Formulation Challenges

Despite promising bioactivity, one persistent challenge is the rel-
atively low oral bioavailability of tocotrienols due to poor aqueous 
solubility and first-pass hepatic metabolism [77]. Recent advances in 
formulation, such as self-emulsifying drug delivery systems (SEDDS), 
nanoemulsions, and lipid nanoparticles, have demonstrated enhanced 
tocotrienol plasma levels and tissue uptake. For example, one study 
reported a 3-fold increase in bioavailability using TRF-loaded lipid 
vesicles compared to conventional softgel formulations. Co-adminis-
tration with dietary fats and phospholipids also improves absorption, 
highlighting the importance of delivery context in maximising health 
outcomes [78]. Continued innovation in formulation technology re-
mains essential to translate in vitro efficacy into clinical relevance.

Comparative Efficacy Versus Tocopherols

An emerging theme in the reviewed literature is the superior bio-
logical efficacy of tocotrienols over tocopherols. Tocotrienols exhibit 
30–50 times greater antioxidant potency, shorter half-life, facilitating 
faster cellular interaction, and greater membrane distribution [79]. 
Several studies directly comparing alpha-tocopherol and gamma/
delta-tocotrienol show that the latter exerts stronger anti-cancer, an-
ti-inflammatory, and neuroprotective effects. However, some reports 
note that alpha-tocopherol can competitively inhibit tocotrienol up-
take by cellular transport proteins, suggesting the need for careful 
formulation balance [80]. These insights reinforce the necessity of 
palm-based tocotrienol-enriched supplements rather than conven-
tional vitamin E blends dominated by tocopherols.

Safety and Tolerability

Across the reviewed studies, palm tocotrienols have demonstrat-
ed an excellent safety profile, with no major adverse effects reported 
even at dosages as high as 300 mg/day for 12 months. Minor side ef-
fects such as gastrointestinal discomfort were rare and transient. Tox-
icological assessments confirm non-genotoxicity and no observed ad-
verse effect levels (NOAEL) in animal models [81-82]. This favorable 
safety data strengthens the case for expanded clinical trials in human 
populations. The cumulative body of evidence strongly supports the 
hypothesis that palm oil-derived tocotrienols confer measurable 
health benefits across cardiovascular, neurological, metabolic, and 
oncological domains. These effects are mediated through well-estab-
lished molecular pathways, substantiated by preclinical findings and 
emerging clinical data. Nevertheless, significant limitations persist, 
particularly the scarcity of large-scale human clinical trials and ongo-
ing challenges related to tocotrienol delivery and bioavailability. Fu-
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ture research should therefore prioritise longitudinal clinical studies 
with larger cohorts, the development of optimised delivery systems 
to enhance absorption, comparative analyses of different tocotrienol 
isoforms, and mechanistic investigations employing multi-omics ap-
proaches. More broadly, these findings suggest a potential reposition-
ing of palm oil not merely as a dietary fat but as a functional nutra-
ceutical source, thereby challenging prevailing negative perceptions 
regarding its impact on human health.

In conclusion, tocotrienols from palm oil represent a promising, 
underutilised bioactive class with therapeutic relevance across major 
chronic disease spectra. Their incorporation into public health strat-
egies and dietary guidelines may yield population-level health divi-
dends, especially in regions with high palm oil consumption.

Conclusion
The systematic synthesis of recent peer-reviewed literature 

demonstrates that tocotrienol compounds derived from palm oil of-
fer significant health-promoting properties across multiple biological 
systems. In the cardiovascular domain, tocotrienols have shown the 
ability to reduce serum cholesterol levels, suppress oxidative stress, 
and inhibit HMG-CoA reductase activity, resulting in improved lipid 
profiles and reduced atherosclerotic risk. Randomised clinical trials 
further confirm the efficacy of tocotrienol-rich fractions (TRF) in im-
proving endothelial function and attenuating vascular inflammation. 
Neurologically, tocotrienols exhibit potent neuroprotective effects, 
particularly in mitigating excitotoxic neuronal damage, reducing 
cerebral infarct size, and preserving mitochondrial integrity under 
oxidative stress. Animal studies and emerging human trials indicate 
their role in slowing cognitive decline and providing protective effects 
against neurodegenerative disorders such as Alzheimer’s and Parkin-
son’s disease. Metabolic outcomes also benefit from palm oil–derived 
tocotrienols, as demonstrated by improved insulin sensitivity, reduc-
tion of adipogenesis, and favourable modulation of inflammatory cy-
tokines in individuals with metabolic syndrome and type 2 diabetes. 
In vitro and in vivo models support the attenuation of hyperglyce-
mia-induced oxidative damage through tocotrienol-mediated path-
ways. In the field of oncology, tocotrienols have been identified as 
promising agents in inducing apoptosis, inhibiting angiogenesis, and 
modulating multiple signalling cascades involved in cancer prolifer-
ation.

Preclinical data suggest strong anticancer potential against 
breast, prostate, colon, and pancreatic cancers, although translation 
into large-scale human trials remains limited. Despite these prom-
ising outcomes, variability in study design, dosing regimens, and 
bioavailability constraints necessitate cautious interpretation. More-
over, many clinical findings are in early stages and require validation 
through multicenter trials with standardised protocols. Nevertheless, 
the convergence of evidence from molecular, animal, and early-phase 
clinical studies underscores the functional role of palm-derived to-
cotrienols in supporting cardiovascular, neurological, metabolic, and 

anticancer health. This review affirms that palm oil–based tocot-
rienols represent a valuable yet underutilized bioactive compound 
in nutritional and therapeutic strategies. Future interdisciplinary 
efforts must prioritize long-term clinical validation, formulation op-
timization for enhanced bioavailability, and integration into dietary 
guidelines and public health policies. The documented health benefits 
position palm-derived tocotrienols as a potentially impactful contrib-
utor to preventive and functional medicine, with broad implications 
for global health advancement.
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