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INTRODUCTION

Palm oil (Elaeis guineensis) is the world's most produced and traded
vegetable oil, with global output exceeding 77 million metric tons annually
(Alhaji et al., 2024). Its widespread adoption stems from its high oxidative
stability, semisolid consistency at room temperature, and relatively low
production cost compared to alternative vegetable oils (Bianchi et al., 2018). It is
used extensively in processed foods, baked goods, margarines, instant noodles,
cosmetics, and biofuels. However, the nutritional composition of palm oil — and
particularly its high saturated fat content — has placed it at the center of ongoing
scientific and public health debate regarding its effects on cardiovascular disease
(CVD) (Banerjee et al., 2020; Ismail et al., 2018).

Chemically, palm oil is composed of approximately 50% saturated fatty
acids, 40% monounsaturated fatty acids (predominantly oleic acid), and 10%
polyunsaturated fatty acids (principally linoleic acid). The primary saturated
component, palmitic acid (C16:0), constitutes roughly 44-45% of the total fatty
acid profile and has been extensively studied for its role in modulating blood
lipid concentrations. Palmitic acid has been consistently associated with elevated
LDL cholesterol levels — widely termed "bad cholesterol" — which contribute to
atherosclerotic plaque formation and increase the risk of coronary heart disease
(CHD), myocardial infarction, and stroke (Annevelink et al., 2023; Carta et al,,
2017; Jiang et al., 2025; Murru et al., 2022).

At the same time, palm oil contains unique bioactive compounds — most
notably tocotrienols, a subclass of vitamin E — that possess potent antioxidant,
anti-inflammatory, and cardioprotective properties not found in most other
edible oils (Ibraheem et al., 2014; Newport & Dayrit, 2025; Ye et al., 2020). These
tocotrienols have been shown in preclinical and clinical studies to inhibit HMG-
CoA reductase (the same enzyme targeted by statin drugs), reduce oxidative
stress, and improve endothelial function. The coexistence of atherogenic and
cardioprotective components within the same oil makes palm oil one of the most
nuanced dietary fats in nutritional science (Ooi et al., 2025).

Cholesterol homeostasis is central to understanding the cardiovascular
implications of palm oil consumption. Low-density lipoprotein (LDL) transports
cholesterol to peripheral tissues; when present in excess, it accumulates in arterial
walls, contributing to atherosclerosis. High-density lipoprotein (HDL), by
contrast, facilitates reverse cholesterol transport from peripheral tissues to the
liver for excretion, thereby conferring cardioprotective effects (Traore et al.,
2023). Triglycerides are another important lipid fraction; elevated circulating
triglyceride levels independently increase CVD risk, particularly when combined
with low HDL cholesterol (Kosmas et al., 2023; Nordestgaard & Varbo, 2014).

Given these inconsistencies, a qualitative literature review is necessary to
consolidate existing evidence, identify methodological sources of heterogeneity,
and develop a nuanced understanding of when and how palm oil consumption
affects cardiovascular health outcomes (Ismail et al., 2018). This study aims to
systematically examine and synthesize published research on the relationship
between palm oil consumption and cardiovascular health, with attention to
alterations in lipid profiles, atherosclerosis risk, blood pressure, endothelial
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function, and the modifying roles of dietary context, processing methods, and
population-specific factors.

LITERATURE REVIEW

The scientific literature on palm oil and cardiovascular health has
produced conflicting findings. Some studies report that palm oil significantly
raises total and LDL cholesterol compared to oils rich in unsaturated fatty acids,
such as olive or canola oil. Other studies find that palm oil has a modest or neutral
effect on the LDL/HDL ratio when consumed as part of a balanced diet. Still
others highlight the anti-atherogenic potential of palm tocotrienols and red palm
oil phenolics, suggesting that the net cardiovascular effect of palm oil depends

heavily on the form consumed and the broader dietary environment
(Abdulwaliyu et al., 2023).

METHODOLOGY

This study employs a descriptive qualitative literature review methodology
to investigate the relationship between palm oil consumption and cardiovascular
health outcomes. The qualitative approach was selected because the objective is
to synthesize, critically evaluate, and interpret existing scientific knowledge
rather than generate new numerical data. This methodology is well-suited to
identifying patterns across heterogeneous studies, reconciling conflicting
findings, and contextualizing results within broader dietary and lifestyle
frameworks (Ismail et al., 2018; Judijanto, 2026a).
Literature Search Strategy

A comprehensive literature search was conducted across three major
academic databases: PubMed/MEDLINE, Scopus, and Google Scholar. Search
terms included combinations of the following keywords: "palm oil,"
"cardiovascular disease," "LDL cholesterol," "HDL cholesterol," "palmitic acid,"
"atherosclerosis," '"coronary heart disease," "lipid profile," "tocotrienols,"
"saturated fat," and "dietary fat." The search was limited to English-language
publications, with priority given to studies published between 2010 and 2025 to
ensure currency and relevance. Earlier foundational studies were included when
their contribution to the review's theoretical basis was substantial.
Inclusion and Exclusion Criteria

Studies were included if they: (1) examined the relationship between palm
oil or its principal fatty acid components and one or more cardiovascular health
outcomes (LDL/HDL cholesterol, triglycerides, blood pressure, atherosclerosis,
CHD, or CVD mortality); (2) employed recognized study designs including
randomized controlled trials (RCTs), prospective or retrospective cohort studies,
cross-sectional studies, systematic reviews, or meta-analyses; and (3) provided
clear descriptions of palm oil exposure levels and study populations. Studies
were excluded if they focused exclusively on non-food uses of palm oil (e.g.,
industrial applications), lacked cardiovascular outcome measures, or were
published in non-peer-reviewed outlets without verifiable methodology.
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Data Extraction and Analysis

Data extracted from included studies encompassed: study design; sample
population characteristics (size, age, health status, country/region); type and
quantity of palm oil consumed; cardiovascular outcome measures assessed; and
principal findings. Thematic analysis was applied as the primary analytical
framework, following three sequential stages: data reduction (selection of the
most pertinent information), thematic categorization (grouping findings by
cardiovascular outcome or mechanistic pathway), and interpretive synthesis
(identification of patterns, contradictions, and contextual moderators across
studies) (Judijanto, 2026a).
Quality Assurance

Data triangulation was employed to enhance the validity and reliability of
findings. Specifically, findings from individual experimental studies were cross-
referenced with systematic reviews and meta-analyses, and mechanistic evidence
from biochemical studies was integrated with population-level epidemiological
data. Potential sources of bias — including publication bias, industry funding,
and population heterogeneity — were explicitly considered when interpreting
the results (Ismail et al., 2018).

RESULTS
Palm Oil Composition and Lipid Profile Alterations

The most consistently studied cardiovascular outcome associated with
palm oil consumption is its effect on blood lipid profiles. A substantial body of
evidence from RCTs and meta-analyses indicates that palm oil consumption
elevates LDL cholesterol concentrations compared to oils rich in unsaturated
fatty acids. A meta-analysis of clinical trials published in Circulation
demonstrated that consuming palm oil significantly increased LDL cholesterol
compared with vegetable oils high in mono- or polyunsaturated fats, including
soybean, olive, and canola oil. This effect is primarily attributed to palmitic acid,
which reduces the expression and activity of hepatic LDL receptors, thereby
impairing LDL clearance from the bloodstream and allowing LDL particles to
accumulate in circulation (Abumrad et al., 2021; Albitar et al., 2024; Annevelink
et al., 2023; He et al., 2025).

Recent molecular research has further elucidated the mechanisms through
which palmitic acid contributes to endothelial dysfunction and atherosclerosis.
A 2024 study published in Advanced Science demonstrated that palmitic acid
accelerates endothelial cell injury by activating pro-inflammatory signaling
cascades, upregulating adhesion molecule expression, and promoting monocyte
recruitment — all of which are early steps in atherosclerotic plaque formation.
These findings corroborate earlier epidemiological associations between high
saturated fat intake and incident CHD, extending the evidence from population-
level correlations to cellular and molecular mechanisms (Kris-Etherton et al.,
2004; Kurhaluk et al., 2026; Ramirez-Alarcén et al., 2026).(Babalola et al., 2025)
Palm oil also elevates HDL cholesterol, however, which partially offsets the
adverse LDL effect. Several studies have reported that while palm oil
consumption increases both LDL and HDL, the LDL/HDL ratio — a key
predictor of cardiovascular risk — may not worsen significantly when palm oil
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replaces carbohydrates rather than unsaturated fats in the diet. A 2018 systematic
review published in PLOS ONE concluded that the evidence linking palm oil
consumption directly to increased CHD incidence remained inconsistent, with
many studies confounded by overall dietary quality and lifestyle factors (Ismail
et al., 2018; Mente et al., 2009; Ooi et al., 2025; Unhapipatpong et al., 2021).
Comparative Lipid Effects Relative to Other Dietary Fats

A recurring finding in the comparative literature is that palm oil occupies
an intermediate position in the spectrum of dietary fats with respect to
cardiovascular risk. Compared to vegetable oils high in unsaturated fatty acids
— such as olive oil, canola oil, and sunflower oil — palm oil consistently
produces greater elevations in LDL cholesterol. The American Heart
Association's Presidential Advisory on Dietary Fats explicitly recommends
replacing saturated fats, including those from palm oil, with polyunsaturated fats
to reduce CVD risk, citing evidence of a 30% reduction in CHD events with such
substitution (Briggs et al., 2017; Clifton & Keogh, 2017; Ismail et al., 2018; Sacks
et al., 2017).

However, relative to animal fats such as butter, lard, and beef tallow —
which are rich in both palmitic and stearic acids — palm oil demonstrates a less
pronounced adverse effect on the LDL/HDL ratio. This intermediate profile
suggests that, while palm oil is not cardioprotective compared with unsaturated
oils, it may be preferable to solid animal fats in dietary contexts where
substitution with unsaturated oils is not feasible (Abdulwaliyu et al., 2023; Arias
et al., 2023; Ooi et al., 2025; Sulaiman et al., 2022).

Trans fatty acids, whether industrially produced or naturally occurring, remain
more harmful to the LDL/HDL ratio than palm oil's saturated fatty acids. This
has led some food manufacturers to replace partially hydrogenated vegetable oils
(a major source of trans fats) with palm oil, which — while still containing
saturated fats — does not produce the LDL-raising, HDL-lowering effect
characteristic of trans fats (Judijanto, 2025; Okpe, 2022; Sacks et al., 2017; Silva et
al., 2025).

The Cardioprotective Role of Palm Tocotrienols

A distinctive feature of palm oil that differentiates it from most other
saturated fat sources is its exceptionally high tocotrienol content. Palm oil,
particularly red palm oil, is the richest natural source of tocotrienols, providing
approximately 600-900 mg/kg of a tocotrienol-rich fraction (TRF). Unlike
tocopherols (the more common form of vitamin E), tocotrienols possess a farnesyl
side chain that enables superior membrane mobility and antioxidant potency
(Londotio et al., 2026; Mathew et al., 2023; Ranasinghe et al., 2022; Zhang et al.,
2026).

A systematic review published in Nutrition Reviews (2025) found that
palm TRF supplementation was associated with significant reductions in total
cholesterol, LDL cholesterol, and markers of oxidative stress in clinical trials. The
proposed mechanisms include inhibition of HMG-CoA reductase activity
(reducing endogenous cholesterol synthesis), suppression of nuclear factor
kappa-B (NF-kB) inflammatory pathways, and protection of vascular endothelial
cells from oxidative damage. A 2025 randomized controlled trial evaluating
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palm-based TRF supplementation reported statistically significant
improvements in lipid profiles and reductions in plasma malondialdehyde (a
biomarker of lipid peroxidation) among participants with mild
hypercholesterolemia (Jumat et al., 2025; Looi et al., 2025; Trugilho et al., 2024,
2025).

These cardioprotective properties are primarily associated with red palm
oil — the less refined product that retains its carotenoids, tocotrienols, and
phenolic compounds — rather than refined, bleached, and deodorized (RBD)
palm oil, which is the form most commonly used in processed food
manufacturing. The degree of processing is therefore a critical determinant of
palm oil's net cardiovascular effect: less-refined forms may confer protective
benefits, whereas heavily refined forms deliver the atherogenic effects of palmitic
acid, predominantly without the offsetting bioactive compounds (Madoromae &
Lertcanawanichakul, 2025; Ooi et al., 2025; Sulaiman et al., 2022; Tan et al., 2025).
Repeated Heating and Oxidative Degradation

The method of palm oil use — particularly the common practice of
repeated heating for deep frying — represents a significant and
underappreciated source of cardiovascular risk. When palm oil is repeatedly
heated to high temperatures, thermally induced oxidation produces a range of
harmful compounds, including aldehydes, hydroxynonenal, malondialdehyde,
polar compounds, and oxidized triacylglycerols. These oxidation products are
not present in fresh palm oil and represent a qualitatively different risk profile
(Loganathan et al., 2022; Machado et al., 2023; Mensah & Kudomor, 2026; Zhuang
et al., 2022).

Evidence from animal and in vitro studies consistently demonstrates that
consumption of repeatedly heated palm oil impairs endothelial function,
promotes vascular inflammation, increases oxidative stress, and accelerates
atherosclerosis progression (Ismail et al., 2018). A study found that palm oil
subjected to four or more reheating cycles exhibited substantially elevated levels
of total polar compounds, and that animals consuming such oil showed marked
deterioration in lipid profiles and the aortic endothelium compared with those
consuming fresh palm oil. These findings are particularly relevant to street food
vending and industrial deep-frying, where oil reuse across multiple cycles is
common practice, especially in Southeast and South Asia (Adam et al., 2008;
Chandran & Manickam, 2026; Egbung et al., 2024; Zhao et al., 2026).

A study analyzing oxidative stability found that adding antioxidants such
as a-tocopherol can meaningfully delay oxidative degradation of palm olein
during microwave heating, suggesting that processing conditions and
antioxidant additions may significantly modify the cardiovascular risk of heated
palm oil (Dewi et al., 2024; Erickson et al., 2023; How et al., 2024; Machado et al.,
2023).

Population and Dietary Context Effects

One of the most important findings across the reviewed literature is that
the cardiovascular impact of palm oil is heavily modulated by the broader
dietary context in which it is consumed. Studies conducted in Asian populations
— where palm oil is typically consumed alongside diets rich in fish, vegetables,
legumes, whole grains, and other sources of unsaturated fat — generally report
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milder adverse effects on lipid profiles and lower incidence of attributable CHD
compared to studies in Western populations (Abdulwaliyu et al., 2023;
Annevelink et al., 2023; Judijanto, 2025; Kurhaluk, 2025).

A study published in Population Health Metrics modeled the integrated
economic and health effects of palm cooking oil consumption in Thailand and
found that, while high palm oil intake was associated with elevated CVD risk at
the population level, dietary pattern modifiers (notably co-consumption of
polyunsaturated fat) substantially attenuated this risk (Keogh-Brown et al., 2019).
Similarly, research found that individuals who consumed palm oil as part of a
Mediterranean-style dietary pattern — characterized by high intake of olive oil,
tish, fruits, vegetables, and legumes — did not demonstrate a significant increase
in cardiovascular disease risk (Feingold, 2024; Guallar-Castillon et al., 2012;
Ismail et al., 2018; Mocciaro et al., 2018).

These findings align with the broader consensus in nutritional science that
no single food item should be evaluated in isolation from the overall diet. The
cardiovascular risk of palm oil is amplified when consumed alongside diets
already high in saturated fats, refined carbohydrates, and low in dietary fiber —
a pattern associated with higher-risk lipid profiles and metabolic syndrome.
Conversely, when substituted for trans fats or animal fats within a nutrient-
dense, fiber-rich dietary framework, palm oil's adverse cardiovascular effects
may be substantially diminished (Bazina et al., 2025; McClements, 2024; Mititelu
et al., 2024; Sulaiman et al., 2022).

Genetic predisposition also modifies individual responses to palm oil.
Certain polymorphisms in genes encoding apolipoprotein E (ApoE), lipoprotein
lipase (LPL), and cholesterol ester transfer protein (CETP) are associated with
differential LDL responses to saturated fat intake, meaning that some individuals
may be inherently more susceptible to the LDL-raising effects of palmitic acid
than others. This genetic heterogeneity partly explains the variability in
individual and population-level responses to palm oil consumption observed
across studies (Dabravolski et al., 2024; Ismail et al., 2018; Pérez-Beltran et al.,
2022; Wuni, 2024).

Long-Term Epidemiological Evidence

Longitudinal cohort studies provide important evidence on the long-term
cardiovascular consequences of habitual palm o0il consumption. A
comprehensive prospective study conducted in Malaysia found that sustained
high palm oil consumption — particularly in the context of diets also high in
other saturated fats — was associated with increased incidence of hypertension
and coronary heart disease over a follow-up period of more than 10 years. This
association was most pronounced among individuals in the highest quintile of
palm oil intake who also had low dietary fiber consumption and sedentary
lifestyles (Abdulwaliyu et al., 2023; Gjermeni et al., 2025; Ismail et al., 2018;
Kurhaluk, 2025).

A cohort analysis found that while palm oil consumption was positively
correlated with LDL cholesterol at the population level, the association with
incident CVD events was attenuated after adjustment for total dietary fat quality,
physical activity, and smoking status — underscoring the importance of
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multivariate confounder control in interpreting epidemiological findings on
palm oil (Abdulwaliyu et al., 2023; Eichelmann et al., 2024; Sawicki et al., 2024;
Wang et al., 2024).

The literature review also identified significant heterogeneity across
published studies, driven by differences in study design, follow-up duration,
palm oil quantification methods, and cardiovascular endpoints examined.
Studies relying on self-reported dietary intake introduce measurement error,
while short-term RCTs may not capture the chronic effects of habitual palm oil
consumption. These methodological limitations must be considered when
interpreting cumulative evidence from the reviewed literature (Judijanto, 2026a).

DISCUSSION
Mechanistic Pathways Linking Palm Oil to Cardiovascular Disease

The principal mechanism through which palm oil increases CVD risk is
palmitic acid-mediated upregulation of LDL cholesterol. At the hepatic level,
palmitic acid suppresses LDL receptor expression by activating sterol regulatory
element-binding protein-2 (SREBP-2) pathways and generating ceramide
intermediates that inhibit receptor recycling. The net result is reduced clearance
of LDL particles from circulation and sustained elevation of plasma LDL
concentrations, which promotes subendothelial LDL retention and oxidative
modification — the initiating event in atherosclerotic plaque formation (He et al.,
2025).

At the vascular level, palmitic acid directly induces endothelial
dysfunction by activating toll-like receptor 4 (TLR4)-mediated inflammatory
signaling, increasing expression of intracellular adhesion molecule-1 (ICAM-1)
and vascular cell adhesion molecule-1 (VCAM-1), and promoting monocyte-to-
macrophage differentiation within the arterial intima. These processes accelerate
atherosclerosis progression and increase the vulnerability of existing plaques to
rupture — the proximate cause of acute myocardial infarction and ischemic
stroke (Choroszy et al., 2023; Khoi et al., 2024; Kotlyarov & Kotlyarova, 2022).
The Dual Nature of Palm Oil: Risk and Protection

The simultaneous presence of atherogenic palmitic acid and
cardioprotective tocotrienols within palm oil creates a genuinely complex risk-
benefit profile that resists simple categorical judgment. The net cardiovascular
effect depends on the relative bioavailability and activity of these opposing
components, which in turn depend on the degree of oil processing, consumption
quantity, co-consumed dietary components, and individual metabolic
characteristics (Dewi et al., 2024; Ismail et al., 2018).

Red palm oil, which retains its full complement of tocotrienols,
carotenoids, and phenolic antioxidants, may in fact exert a net neutral or even
beneficial effect on cardiovascular health in moderate-consumption contexts,
particularly given the evidence for tocotrienol-mediated HMG-CoA reductase
inhibition and anti-inflammatory activity. Refined palm oil, stripped of these
protective micronutrients during industrial processing, delivers the atherogenic
fatty acid profile without the offsetting benefits — and may additionally contain
processing-derived contaminants such as 3-monochloropropane-1,2-diol (3-

92



International Journal of Natural and Health Sciences (IJNHS)
Vol.4, No.2, 2026: 85-102

MCPD) fatty acid esters, which have been implicated in nephrotoxic and
potentially carcinogenic effects at high exposure levels (Judijanto, 2026b).
Dietary Pattern as the Primary Moderator

The preponderance of evidence reviewed supports the conclusion that
dietary pattern is the primary moderator of palm oil's cardiovascular effects.
When consumed within a nutrient-poor, high-saturated-fat dietary context —
typical of many ultra-processed food-dependent Western diets — palm oil
contributes meaningfully to atherogenic dyslipidemia. When consumed within a
nutrient-dense, high-unsaturated-fat dietary context — as in traditional
Southeast Asian or Mediterranean dietary patterns — its adverse cardiovascular
effects are substantially attenuated (Sacks et al., 2017).

This dietary context dependency has important implications for public
health messaging. Blanket recommendations to eliminate palm oil without
addressing overall dietary quality may be less effective than targeted guidance
that emphasizes reducing total saturated fat intake, avoiding ultra-processed
foods containing repeatedly heated palm oil, and substituting palm oil with
polyunsaturated-fat-rich oils in home cooking and food manufacturing
(McClements, 2024).

Limitations of the Existing Evidence Base

Several limitations were identified in the reviewed literature. First,
publication bias is a recognized concern: studies reporting adverse
cardiovascular effects of palm oil are more likely to be published than those with
null or beneficial findings, potentially skewing the overall body of evidence
toward overestimation of risk. Second, many studies — particularly those in
Western countries — are partially funded by industries with commercial
interests in alternative vegetable oils, raising questions about potential bias in
study design, reporting, and conclusions. Third, the heterogeneity of palm oil
products used across studies (red palm oil vs. refined palm oil, palm olein vs.
palm stearin, fresh vs. repeatedly heated) makes direct comparison difficult, as
these products have substantially different nutritional and toxicological profiles.
Fourth, most available RCTs are short-duration (4-16 weeks), making it difficult
to establish long-term cardiovascular effects that may take years or decades to
manifest clinically (Sacks et al., 2017).

CONCLUSIONS AND RECOMMENDATIONS

The relationship between palm oil consumption and cardiovascular health
is multidimensional, context-dependent, and not reducible to a simple verdict of
harmful or benign. The high palmitic acid content of palm oil is associated with
elevated LDL cholesterol and increased atherosclerosis risk, particularly in high-
consumption contexts and when combined with diets already rich in saturated
fat and low in dietary fiber. Repeated heating of palm oil generates oxidative
degradation products that independently contribute to vascular inflammation
and endothelial dysfunction, adding a processing-related dimension to its
cardiovascular risk profile.
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However, palm oil also contains tocotrienols — bioactive vitamin E forms
with demonstrable HMG-CoA reductase inhibitory and anti-inflammatory
properties — that may partially offset the atherogenic effects of its saturated fatty
acid content, particularly in less-refined forms such as red palm oil. Population-
level evidence suggests that Asian dietary contexts, characterized by higher
consumption of fish, vegetables, and unsaturated fats, are associated with
attenuated cardiovascular effects of palm oil compared to Western dietary
contexts.

Based on the synthesized evidence, the following evidence-based
recommendations are proposed:

*  Moderate palm oil consumption, limiting daily intake to levels consistent
with national dietary guidelines on saturated fat (less than 10% of total
energy intake).

* Avoid repeated reheating of palm oil for frying, and replace oil after
limited use cycles in both household and commercial food preparation.

*  Prefer less refined palm oil (such as red palm oil) where feasible, to retain
cardioprotective tocotrienol and carotenoid content.

*  Substitute palm oil with unsaturated fat-rich oils (olive oil, canola oil,
sunflower oil) in cooking applications where high heat is not required.

*  Evaluate palm oil within overall dietary quality rather than in isolation,
and address accompanying risk factors, including total saturated fat
intake, dietary fiber consumption, physical activity, and smoking.

Future research should prioritize long-term prospective cohort studies
with standardized assessments of palm oil exposure, comparative trials using
different forms and levels of palm oil refinement, and investigations of gene-diet
interactions that may explain individual variability in lipid responses to palm oil
consumption.

FURTHER STUDY

Further research on the topic of Palm Oil Consumption and
Cardiovascular Health: A Review of Lipid Profile Changes, Atherosclerosis Risk,
and Dietary Context to improve research and increase insight for readers and
authors
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