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ABSTRACT

Background: Chronic low-grade inflammation contributes to metabolic dysfunction, oxidative stress,
immune dysregulation, and cancer-related biological processes. Omega-9 fatty acids, particularly oleic
acid, are monounsaturated fatty acids abundant in olive oil, avocados, nuts, seeds, and several animal-
derived foods. Although omega-9 fatty acids are not essential fatty acids, increasing evidence suggests
that they may influence inflammatory signaling, oxidative balance, lipid metabolism, and cellular
pathways relevant to cancer-risk modulation. Objective: This narrative review aimed to synthesize
current evidence on the potential role of omega-9 fatty acids, especially oleic acid, in inflammation
regulation and cancer-related biological pathways. Methods: Relevant mechanistic, experimental,
observational, dietary intervention, and review literature was narratively synthesized to evaluate the
effects of omega-9 fatty acids and omega-9-rich dietary sources on inflammatory cytokines, oxidative
stress, immune-cell activity, metabolic regulation, apoptosis, angiogenesis, tumor-cell proliferation, and
cancer-risk outcomes. Evidence was organized thematically, with attention to differences between
isolated oleic acid, olive oil, extra-virgin olive oil, and Mediterranean dietary patterns. Results: The most
consistent evidence supports anti-inflammatory and metabolic effects of omega-9-rich exposures,
including modulation of TNF-qa, IL-6, COX-2, NF-xB-related signaling, oxidative stress markers, lipid
metabolism, and mitochondrial function. Human dietary evidence, particularly from olive-oil-rich
Mediterranean dietary patterns, suggests favorable effects on inflammatory and cardiometabolic
biomarkers. Cancer-related evidence indicates biologically plausible effects on HER2-related signaling,
apoptosis, angiogenesis, tumor-cell proliferation, and tumor microenvironment interactions, but these
findings remain largely preclinical or indirect. Human evidence for cancer prevention is suggestive,
especially in Mediterranean-diet contexts, whereas direct evidence for cancer management remains
limited. Conclusion: Omega-9 fatty acids, particularly oleic acid, appear to be supportive dietary
components with the strongest evidence for inflammation reduction, oxidative balance, immune
modulation, and metabolic improvement. Their role in cancer prevention is plausible but not
independently established, and they should be considered part of broader preventive dietary strategies
rather than direct anticancer interventions. Keywords: Omega-9 fatty acids; Oleic acid; Monounsaturated
fatty acids; Inflammation; Oxidative stress; Cancer prevention; Mediterranean diet; Metabolic
regulation.

INTRODUCTION

Chronic inflammation is increasingly recognized as a central biological process linking metabolic
dysfunction, cardiovascular disease, neurodegeneration, and cancer. Persistent low-grade inflammatory
activity promotes oxidative stress, endothelial dysfunction, immune dysregulation, cytokine release,
genomic instability, and altered cellular proliferation, all of which may contribute to the initiation and
progression of non-communicable diseases (1,2). Because diet is a modifiable determinant of
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inflammatory tone, substantial attention has been directed toward dietary lipids and their capacity to
influence immune-cell function, lipid mediator production, oxidative balance, and metabolic signaling.
Within this context, monounsaturated fatty acids, particularly omega-9 fatty acids, have emerged as
biologically relevant nutritional components with potential implications for inflammation control and

disease prevention.

Omega-9 fatty acids are monounsaturated fatty acids characterized by a double bond at the ninth carbon
from the methyl end of the fatty-acid chain. Oleic acid (18:1 n-9) is the most abundant and biologically
important omega-9 fatty acid in the human diet, with major dietary sources including olive oil, avocados,
nuts, seeds, canola oil, and selected animal-derived fats (3,4). Unlike omega-3 and omega-6 fatty acids,
omega-9 fatty acids are not considered essential because they can be synthesized endogenously through
stearoyl-CoA desaturase activity. Nevertheless, dietary intake substantially influences circulating and
tissue fatty-acid profiles, membrane composition, lipid metabolism, and downstream inflammatory
signaling (5). Oleic acid is also relatively resistant to oxidation compared with polyunsaturated fatty
acids, a property that may contribute to membrane stability and reduced susceptibility to oxidative injury

(6).

The biological relevance of omega-9 fatty acids is closely connected to their role in cellular membranes
and lipid-mediated signaling. Incorporation of oleic acid into membrane phospholipids can alter
membrane fluidity, receptor activity, intracellular signal transduction, and the availability of fatty-acid
substrates for inflammatory mediator synthesis (7). Experimental evidence suggests that oleic acid may
modulate macrophage activation, neutrophil responses, lymphocyte signaling, mitochondrial function,
and transcriptional pathways involved in inflammation, including nuclear factor-kappa B (NF-kB),
cyclooxygenase-2 (COX-2), tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6) signaling (8,9).
These mechanisms provide a plausible basis for the observed association between oleic-acid-rich dietary
patterns and lower inflammatory biomarker concentrations in human studies.

The Mediterranean diet has been the most extensively investigated dietary pattern in relation to
monounsaturated fatty acids, inflammation, and chronic disease prevention. Extra-virgin olive oil, a
principal fat source in this dietary pattern, contains high concentrations of oleic acid as well as phenolic
compounds with antioxidant and anti-inflammatory properties (10). Large dietary intervention studies
have reported favorable effects of Mediterranean diets enriched with extra-virgin olive oil on
cardiovascular risk factors, inflammatory biomarkers, lipoprotein oxidation, endothelial function, and
metabolic outcomes (11,12). However, interpretation of these findings requires caution because the
effects of isolated oleic acid cannot be easily separated from those of olive-oil phenolics, other dietary
components, and the overall Mediterranean dietary pattern. This distinction is particularly important
when evaluating omega-9 fatty acids as independent bioactive agents rather than as markers of a broader
dietary exposure.

Inflammation is also a recognized enabling factor in carcinogenesis. Chronic inflammatory signaling
can promote DNA damage, angiogenesis, tumor-cell proliferation, immune evasion, epithelial-
mesenchymal transition, and metastatic progression (13,14). Nutritional factors that modulate oxidative
stress, cytokine networks, metabolic dysfunction, and immune-cell activity may therefore influence
cancer-related pathways. Preclinical studies have suggested that oleic acid may affect oncogenic
signaling, apoptosis, angiogenesis, and tumor-cell proliferation in selected experimental models (15,16).
For example, oleic acid has been reported to suppress HER2-related signaling in breast cancer cell
models and to influence transcriptional mechanisms associated with tumor growth regulation (17).
Nevertheless, most direct anticancer evidence remains mechanistic or preclinical, and translation to
human cancer prevention or supportive management requires careful qualification.

Metabolic regulation provides an additional link between omega-9 fatty acids, inflammation, and cancer
risk. Obesity, insulin resistance, dyslipidemia, non-alcoholic fatty liver disease, and metabolic syndrome
are characterized by chronic inflammatory activation and oxidative stress, and these conditions are
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associated with increased risk for several malignancies (18,19). Oleic acid may contribute to improved
metabolic homeostasis through effects on mitochondrial fatty-acid oxidation, lipid partitioning,
lipotoxicity, ceramide synthesis, and stearoyl-CoA desaturase-related pathways (20,21). These metabolic
effects may indirectly reduce inflammatory stress and influence biological environments that favor
carcinogenesis. However, the extent to which these mechanisms translate into clinically meaningful

cancer-risk reduction remains uncertain.

Despite growing interest in omega-9 fatty acids, important gaps remain in the literature. Existing
evidence is distributed across cell-culture studies, animal models, observational cohorts, dietary
intervention trials, and systematic reviews of olive oil or Mediterranean dietary patterns. These evidence
streams are biologically connected but methodologically distinct. Many studies evaluate olive oil or
Mediterranean diet exposure rather than isolated omega-9 fatty acids, making it difficult to attribute
observed benefits specifically to oleic acid. In addition, direct human evidence for cancer prevention or
cancer management is more limited and less consistent than evidence for inflammatory and metabolic
outcomes. Therefore, a narrative synthesis is appropriate to integrate mechanistic, metabolic,
inflammatory, and cancer-related evidence while explicitly distinguishing established findings from
plausible but less clinically confirmed interpretations.

This narrative review aims to critically synthesize current evidence on the potential role of omega-9 fatty
acids, particularly oleic acid, in inflammation regulation and cancer-related biological pathways. The
review focuses on anti-inflammatory mechanisms, oxidative stress modulation, immune and metabolic
regulation, apoptosis, angiogenesis, tumor-cell signaling, and evidence from Mediterranean-diet and
olive-oil-based human studies. By distinguishing isolated omega-9 fatty-acid effects from broader olive-
oil and dietary-pattern effects, this review seeks to clarify the extent to which omega-9 fatty acids may
be considered supportive dietary factors in inflammation reduction and cancer-risk modulation, while
identifying limitations that should guide future clinical research.

MATERIALS AND METHODS

This article was designed as a narrative review to synthesize current evidence on the role of omega-9
fatty acids, particularly oleic acid, in inflammation regulation and cancer-related biological pathways. A
narrative approach was selected because the available literature includes heterogeneous evidence from
mechanistic cell-culture studies, animal experiments, observational studies, dietary intervention trials,
and broader reviews of olive oil and Mediterranean dietary patterns. This design allowed integration of
biochemical, metabolic, immunological, and oncological findings across different study types without
statistical pooling.

Relevant literature was identified through electronic searches of PubMed, Google Scholar, Scopus,
ScienceDirect, and Web of Science. The search focused on studies addressing omega-9 fatty acids, oleic
acid, olive oil, extra-virgin olive oil, Mediterranean diet, inflammation, oxidative stress, immune
regulation, cytokines, metabolic dysfunction, cancer prevention, apoptosis, angiogenesis, tumor-cell
proliferation, and cancer-related signaling pathways. Search terms were used individually and in

» « » «

combination, including “omega-9 fatty acids,” “oleic acid,” “monounsaturated fatty acids,” “olive oil,”

”

“extra-virgin olive oil,” “Mediterranean diet,” “inflammation,” “T'NF-alpha,” “interleukin-6,” “NF-kappa B,

» o« » o« »  « ” o«

“oxidative stress,” “cancer,” “breast cancer,” “apoptosis,” “angiogenesis,” “tumor microenvironment,”

”

“metabolic syndrome,” “insulin resistance,” and “lipid metabolism.”

Studies were considered relevant when they examined biological or clinical relationships between
omega-9 fatty acids or oleic-acid-rich dietary sources and inflammatory, oxidative, metabolic, or cancer-
related outcomes. Eligible evidence included experimental studies, animal models, human observational
studies, dietary intervention trials, mechanistic investigations, systematic reviews, and meta-analyses.
Greater interpretive weight was given to human studies, clinical trials, systematic reviews, and

mechanistic studies with clear biological relevance. Studies were also considered when they evaluated
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olive oil or Mediterranean dietary patterns, provided that the role of oleic acid or monounsaturated fatty

acids was relevant to the interpretation.

Literature selection prioritized studies that directly addressed inflammatory mediators, oxidative stress
markers, immune-cell function, lipid metabolism, mitochondrial activity, apoptosis, angiogenesis,
tumor-cell signaling, or cancer-risk outcomes. Articles focused exclusively on omega-3 or omega-6 fatty
acids were excluded unless they provided relevant comparative information on fatty-acid biology or
inflammatory mechanisms. Studies with limited relevance to omega-9 fatty acids, inadequate biological
linkage to inflammation or cancer, or insufficient methodological detail were not emphasized in the
synthesis.

The evidence was organized thematically according to the main biological domains relevant to the
review objective. These domains included the biochemical characteristics of omega-9 fatty acids,
modulation of inflammatory cytokines, oxidative stress and immune regulation, dietary intervention
evidence, cancer-related mechanisms, apoptosis and angiogenesis, human cancer-risk evidence, and
metabolic pathways linking inflammation with carcinogenesis. Within each domain, findings were
interpreted according to study design, biological plausibility, consistency across evidence sources, and
relevance to human health.

Because this was a narrative review, no formal meta-analysis was performed. Findings were synthesized
qualitatively, with emphasis on the direction and consistency of evidence rather than pooled effect
estimates. Mechanistic and preclinical findings were interpreted as hypothesis-generating, while human
dietary intervention and observational findings were considered more directly relevant to clinical and
public-health implications. Particular attention was given to distinguishing the effects of isolated oleic
acid from those of olive oil phenolic compounds and broader Mediterranean dietary patterns, since these
exposures may produce overlapping but not identical biological effects.

The methodological limitations inherent to narrative synthesis were addressed by interpreting
conclusions cautiously and by differentiating established evidence from emerging mechanistic
hypotheses. The review therefore presents omega-9 fatty acids as potentially beneficial dietary
components in inflammation regulation and cancer-risk modulation, while recognizing that direct
evidence for independent therapeutic effects in cancer remains less developed than evidence for anti-
inflammatory and metabolic outcomes.

RESULTS

The synthesis indicates that omega-9 fatty acids, particularly oleic acid, are most consistently associated
with anti-inflammatory, antioxidant, and metabolic effects. Across the evidence domains summarized in
Table 1, the strongest support comes from mechanistic studies, animal models, and human dietary
intervention studies involving olive oil or Mediterranean dietary patterns. The evidence is less consistent
when the outcome shifts from inflammation regulation to direct cancer-related endpoints. This
distinction is important because many human studies evaluate olive oil or broader Mediterranean dietary
exposure rather than isolated omega-9 fatty acids.

Inflammatory cytokine modulation represents the most developed area of evidence. As shown in Table
2, omega-9-rich exposures have been associated with reductions in several pro-inflammatory mediators,
including TNF-a, IL-6, IL-18, COX-2, NF-kB, CRP, and adhesion molecules. These effects suggest that
oleic acid and oleic-acid-rich dietary patterns may reduce inflammatory signaling at both cellular and
systemic levels. The reduction of NF-kB-related signaling is especially relevant because this pathway
regulates multiple inflammatory genes and is closely linked with chronic inflammation, oxidative stress,
and tumor-promoting microenvironments.

The evidence also supports a role for omega-9 fatty acids in oxidative balance and immune regulation.

Oleic acid appears to influence reactive oxygen species generation, mitochondrial function, lipid
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oxidation, and endogenous antioxidant defenses. Human dietary studies involving olive-oil-rich
Mediterranean diets have reported improvements in inflammatory and oxidative biomarkers, although
these findings cannot be attributed exclusively to oleic acid because extra-virgin olive oil also contains
phenolic compounds with independent biological activity. Therefore, the most defensible interpretation
is that omega-9-rich dietary patterns contribute to improved inflammatory and oxidative profiles, while
the independent contribution of isolated oleic acid remains more difficult to define.

Cancer-related findings are more complex and less clinically settled. Table 3 shows that oleic acid has
been linked with reduced tumor-cell proliferation, modulation of HER2-related signaling, apoptosis
induction, reduced angiogenic activity, and effects on tumor microenvironment signaling in selected
preclinical models. These mechanisms are biologically meaningful because inflammation, oxidative
stress, angiogenesis, immune evasion, and dysregulated apoptosis are central features of cancer
development. However, most of these findings come from cell-culture or animal-based research,
meaning that they should be interpreted as mechanistic and hypothesis-generating rather than definitive

clinical evidence.

The strongest cancer-related human evidence appears to come from studies of Mediterranean dietary
patterns enriched with extra-virgin olive oil, particularly in relation to breast cancer risk. These findings
suggest that olive-oil-rich dietary patterns may contribute to cancer-risk reduction, but the exposure is
complex and includes oleic acid, phenolic compounds, fiber-rich foods, plant-based nutrients, and overall
dietary quality. As a result, the current evidence supports omega-9 fatty acids as potentially relevant to
cancer prevention pathways, but it does not establish them as independent anticancer agents or direct
cancer therapies.

Metabolic regulation provides an important indirect pathway linking omega-9 fatty acids with
inflammation and cancer-risk modulation. As summarized in Table 4, omega-9 fatty acids may influence
lipid metabolism, mitochondrial fatty-acid oxidation, insulin sensitivity, dyslipidemia, obesity-related
inflammation, ceramide production, lipid partitioning, and gut-liver axis regulation. These processes are
clinically important because metabolic dysfunction is closely associated with chronic low-grade
inflammation, oxidative stress, and increased risk of several cancers. Thus, omega-9 fatty acids may
contribute to cancer-risk reduction partly through improvement of metabolic and inflammatory
environments rather than through direct tumor suppression alone.

Table 1. Summary of Evidence Sources Included in the Narrative Synthesis

Evidence Domain Main Evidence Type Exposure or Principal Overall Direction Strength of
Intervention Outcomes of Evidence Evidence

Considered
Biochemicaland  Mechanistic and Oleic acid and omega- ~ Membrane Supports biological ~Moderate
cellular effects cell-culture studies 9 fatty acids fluidity, receptor ~ plausibility for

signaling, lipid anti-inflammatory

oxidation, and metabolic

transcription- effects

factor activity
Inflammatory Experimental, Oleic acid, olive oil, TNF-q, IL-6, IL- Generally anti- Moderate
cytokine animal, and dietary  extra-virgin olive oil, 1B, COX-2, NFkB, inflammatory, with  to strong
modulation intervention studies ~ Mediterranean diet CRP, adhesion reductions in pro-

molecules inflammatory

signaling

Oxidative stress Experimental and Oleic-acid-rich diets Reactive oxygen Generally Moderate
and immune human dietary and olive-oil-based species, LDL favorable effects
regulation studies dietary patterns oxidation, on oxidative

antioxidant balance and

balance, immune

macrophage and regulation

lymphocyte

responses
Cancer-related Cell-culture and Oleic acid and olive- HERZ signaling, Suggests possible Limited to
mechanisms preclinical studies oil-related compounds  apoptosis, anticancer moderate

angiogenesis,
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Evidence Domain Main Evidence Type Exposure or Principal Overall Direction Strength of
Intervention Outcomes of Evidence Evidence
Considered
tumor-cell mechanisms, but
proliferation, mainly preclinical
endothelial
migration
Human cancer- Observational and Olive oil and Breast cancer Suggests possible Limited
risk evidence dietary intervention ~ Mediterranean diet incidence and protective
studies enriched with extra- selected cancer- association,
virgin olive oil risk associations especially in
Mediterranean-diet
contexts
Metabolic Experimental, Oleic acid, Lipid profile, Supports metabolic  Moderate
regulation clinical, and monounsaturated-fat- insulin resistance,  benefits that may
epidemiological rich diets, mitochondrial indirectly reduce
evidence Mediterranean dietary  oxidation, inflammatory
patterns lipotoxicity, burden
metabolic
syndrome
Table 2. Omega-9 Fatty Acids and Inflammation-Related Outcomes
Inflammatory Evidence Base Reported Effect Biological Clinical Relevance
Pathway or Marker Interpretation
TNF-a Experimental and Reduced expression or Suggests attenuation Relevant to chronic
animal studies activity in inflammatory of pro-inflammatory inflammatory and
models cytokine signaling metabolic disorders
IL-6 Dietary intervention  Reduced circulating or Indicates Relevant to
and experimental cellular inflammatory improvement in cardiometabolic and
evidence activity systemic cancer-risk pathways
inflammatory tone
IL-1B Experimental Reduced inflammatory Supports immune- Mainly mechanistic
evidence signaling in selected modulatory activity relevance
models
NF-xB Cell and animal Downregulation of Provides mechanistic =~ Important for
models inflammatory explanation for inflammation-
transcriptional signaling cytokine reduction associated
carcinogenesis
COX-2 Mechanistic studies ~ Reduced pro- May reduce Relevant to
inflammatory enzyme inflammatory inflammatory and
signaling mediator production tumor-promoting
pathways
CRP Human dietary Reduced systemic Reflects lower Clinically relevant but
intervention studies  inflammatory biomarker systemic not specific to oleic acid
levels in Mediterranean- inflammatory burden  alone
diet contexts
Adhesion Human dietary and ~ Reduced endothelial Suggests improved Relevant to
molecules vascular studies inflammatory activation vascular cardiometabolic disease
inflammatory profile ~ prevention
IL-10 Experimental Increased or improved Suggests restoration Supportive but less
immune studies anti-inflammatory of immune balance consistently
signaling in selected demonstrated
models
Table 3. Cancer-Related Mechanisms Associated with Oleic Acid and Omega-9-Rich Exposures
Cancer-Related Process ~ Proposed Omega-9- Main Evidence Interpretation Evidence
Related Effect Type Strength
Tumor-cell proliferation  Reduced proliferation in  In vitro and Suggests possible direct Limited
selected tumor-cell preclinical studies  regulation of tumor growth
models pathways
HER2-related signaling ~ Suppression of HER2 Mechanistic breast ~ Provides a specific molecular Limited to
expression or activity in ~ cancer studies hypothesis for breast cancer moderate
breast cancer models relevance
Apoptosis Promotion of apoptosis Cell-culture Indicates potential pro- Limited
in selected tumor-cell studies apoptotic activity under
lines specific experimental
conditions
Angiogenesis Reduced endothelial Preclinical and May affect tumor Limited

microenvironment and
vascular support

mechanistic
studies

migration and
angiogenic signaling in
selected models



JHWCR | 2026;4(10) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 7

Cancer-Related Process ~ Proposed Omega-9- Main Evidence Interpretation Evidence
Related Effect Type Strength
Oxidative stress Reduced oxidative injury =~ Experimental and May reduce DNA damage and ~ Moderate
and improved dietary evidence inflammatory stress linked to
antioxidant balance carcinogenesis
Tumor Modulation of cytokine Preclinical studies ~ Suggests possible influence on  Limited
microenvironment and endothelial-cell inflammatory crosstalk around
interactions tumors
Breast cancer risk Lower incidence Human dietary Suggests possible protective Limited to
reported in some intervention association, but exposure is moderate
Mediterranean-diet evidence dietary pattern rather than
intervention contexts isolated oleic acid
General cancer Supportive rather than Mixed evidence Current evidence does not Limited

management

therapeutic role

establish omega-9 fatty acids as
independent anticancer agents

Table 4. Metabolic Pathways Linking Omega-9 Fartty Acids, Inflammation, and Cancer Risk

Metabolic Domain Omega-9-Related Effect Link with Inflammation Relevance to Cancer Biology
Lipid metabolism Improved lipid handling and Lower lipotoxic stress may May reduce metabolic conditions
reduced lipotoxicity reduce inflammatory that favor carcinogenesis
activation
Mitochondrial Enhanced fatty-acid oxidation in ~ Improved mitochondrial May limit metabolic stress
oxidation selected models function may reduce associated with tumor-promoting

Insulin resistance

Improved insulin-related
metabolic parameters in some
dietary studies

oxidative stress

Reduced insulin resistance
may lower inflammatory
signaling

environments

Relevant because
hyperinsulinemia and
inflammation are linked with
cancer risk

Dyslipidemia Favorable lipid-profile effectsin =~ Lower oxidized lipid burden  Indirect relevance through

monounsaturated-fat-rich diets may reduce vascular and chronic disease-risk reduction
systemic inflammation

Obesity-related Potential improvement in May reduce low-grade Important because obesity is

inflammation inflammatory tone through chronic inflammation associated with increased risk of
dietary fat quality several cancers

Ceramide and lipid Modulation of lipid storage and ~ Reduced cellular stress may =~ Mechanistically relevant to

partitioning toxic lipid intermediates lower inflammatory metabolic dysfunction and

Gut-liver axis

Possible support of metabolic
balance and hepatic lipid
regulation

signaling
May reduce hepatic
inflammatory stress

carcinogenesis

Relevant to inflammation-
associated metabolic cancer-risk
pathways

Table 5. Overall Evidence Interpretation by Outcome Category

Outcome Category  Consistency of Human Evidence  Main Limitation Overall Interpretation
Findings Availability
Inflammation Relatively Moderate Human studies often involve Most supported outcome
regulation consistent whole dietary patterns rather area
than isolated omega-9 fatty
acids
Oxidative stress Generally Moderate Effects may depend on olive-oil ~ Biologically plausible and
reduction consistent phenolics and total diet quality  clinically relevant
Immune Moderately Limited to Much evidence is experimental ~ Supports anti-
modulation consistent moderate inflammatory potential
Metabolic Moderately Moderate Variable populations, doses, Likely contributes
improvement consistent and dietary comparators indirectly to inflammatory
risk reduction
Direct anticancer Inconsistent Limited Mostly preclinical and cancer- Promising but not
activity type specific clinically established
Cancer prevention ~ Suggestive Limited Confounding by Mediterranean  Possible supportive role,
dietary pattern strongest in dietary-pattern
contexts
Cancer Weak direct Limited Few direct clinical oncology Should be framed as
management evidence studies supportive and preventive

rather than therapeutic

The overall evidence interpretation in Table 5 shows a clear hierarchy. Inflammation regulation is the
most consistently supported outcome, followed by oxidative stress reduction, immune modulation, and
metabolic improvement. Evidence for direct anticancer activity remains limited, while evidence for
cancer prevention is suggestive but strongly influenced by broader dietary-pattern effects. Evidence for
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cancer management is currently the weakest and should be framed cautiously as supportive, preventive,

or biologically plausible rather than therapeutic.

Taken together, the synthesis suggests that omega-9 fatty acids, especially oleic acid, have credible
biological relevance in inflammation control and metabolic regulation. Their potential contribution to
cancer-related pathways is plausible but remains less certain, particularly in human clinical settings. The
most balanced conclusion is that omega-9 fatty acids may serve as beneficial components of anti-
inflammatory dietary patterns and may indirectly support cancer-risk reduction through effects on
oxidative stress, immune regulation, and metabolic health. However, the current evidence is stronger

for inflammation and metabolic outcomes than for direct cancer management.

Inflammation
| regulation
High
_| Metabolic
improvement
)
~ Oxidative stress

reduction

)

oo

£

i )

'S modulation |~

-

°

> Moderate

9]

-

3

-

] y

2 | Direct anticancer ( | cancer

o activity | prevention

4 <
Evidence interpretation
@ Strongest support
@ Well supported
@ Emerging support

Cancer e
| management ) Suggestive
) Limited
Low O Weakest
Limited Moderate Higher

Human Evidence Availability

Figure 1. Evidence Gradient Across Outcome Domains of Omega-9 Fatty Acids

This bubble matrix summarizes the relative strength and translational maturity of evidence linking
omega-9 fatty acids, particularly oleic acid, with major inflammation-, metabolism-, and cancer-related
outcomes. The x-axis represents the availability of human evidence, while the y-axis represents the
consistency of findings across the reviewed literature. Bubble size reflects overall translational support
derived from the narrative synthesis. Inflammation regulation shows the strongest support, with high
consistency and comparatively greater human evidence, followed by oxidative stress reduction and
metabolic improvement. Immune modulation and cancer prevention occupy an intermediate position,
reflecting biologically plausible but less clinically mature evidence. Direct anticancer activity and cancer
management show weaker support, indicating that current evidence remains largely preclinical,
indirect, or insufficient for therapeutic conclusions.

DISCUSSION

This narrative review indicates that omega-9 fatty acids, particularly oleic acid, have the strongest and
most consistent evidence base in relation to inflammation regulation, oxidative stress modulation, and
metabolic improvement. Across mechanistic, experimental, and human dietary evidence, omega-9-rich
exposures appear to influence inflammatory signaling through reductions in pro-inflammatory
mediators such as TNF-a, IL-6, COX-2, and NF-kB-associated pathways, while also supporting antioxidant
balance and immune regulation. These findings align with the broader understanding that dietary fatty-
acid composition can modify immune-cell behavior, lipid mediator production, membrane function, and
systemic inflammatory tone. The evidence is therefore most convincing when omega-9 fatty acids are
considered as components of anti-inflammatory dietary patterns rather than as isolated pharmacological
agents.
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The anti-inflammatory effects observed with oleic acid are biologically plausible because
monounsaturated fatty acids can become incorporated into membrane phospholipids, alter membrane
fluidity, and influence receptor-mediated signaling. By partially replacing more oxidation-prone fatty
acids within lipid membranes, oleic acid may reduce susceptibility to lipid peroxidation and downstream
inflammatory activation. Experimental studies have also shown that oleic acid can affect macrophage
activation, neutrophil responses, lymphocyte function, mitochondrial oxidation, and inflammatory
transcription factors. These mechanisms support the interpretation that omega-9 fatty acids may reduce
inflammatory stress through multiple converging pathways rather than through a single isolated
molecular target (22).

The clinical relevance of these mechanisms is supported most clearly by dietary studies involving olive
oil and Mediterranean dietary patterns. Extra-virgin olive oil is a major source of oleic acid and is
consistently associated with improvements in inflammatory biomarkers, oxidative balance, lipid profile,
endothelial function, and cardiometabolic risk markers. However, the interpretation of these findings
requires caution because extra-virgin olive oil also contains phenolic compounds with independent
antioxidant and anti-inflammatory activity. Similarly, Mediterranean dietary patterns include fruits,
vegetables, legumes, whole grains, fish, nuts, and other bioactive dietary components that may interact
with oleic acid. Therefore, while olive-oil-rich dietary patterns provide clinically meaningful evidence of
benefit, they do not fully establish the independent effect of omega-9 fatty acids alone (23).

The relationship between omega-9 fatty acids and cancerrelated outcomes is more complex.
Mechanistic studies suggest that oleic acid may influence tumor-cell proliferation, apoptosis,
angiogenesis, HER2-related signaling, oxidative stress, and tumor microenvironment interactions. These
pathways are relevant because chronic inflammation, oxidative injury, angiogenesis, immune
dysregulation, and altered apoptosis are central features of carcinogenesis. Nevertheless, much of the
evidence supporting direct anticancer activity comes from cell-culture or preclinical models (24). Such
findings are valuable for biological hypothesis generation but cannot be interpreted as proof of
therapeutic efficacy in human cancer settings.

Human evidence for cancer prevention is suggestive but less definitive than the evidence for
inflammation reduction. Some dietary intervention and observational studies indicate that
Mediterranean diets enriched with extra-virgin olive oil may be associated with reduced risk of selected
cancers, particularly breast cancer. This finding is biologically plausible given the combined effects of
oleic acid, olive-oil phenolics, improved metabolic health, lower oxidative stress, and reduced
inflammatory burden. However, cancer risk is influenced by multiple dietary, hormonal, genetic,
environmental, and lifestyle factors, making it difficult to isolate the specific contribution of omega-9
fatty acids. The available evidence therefore supports a possible preventive role within healthy dietary
patterns but does not justify describing omega-9 fatty acids as independent anticancer agents (25).

Metabolic regulation appears to be an important indirect pathway through which omega-9 fatty acids
may influence inflammation and cancer-risk biology. Obesity, insulin resistance, dyslipidemia, fatty liver
disease, and metabolic syndrome are strongly linked with chronic low-grade inflammation and oxidative
stress. Oleic acid may improve lipid partitioning, mitochondrial fatty-acid oxidation, insulin-related
metabolic responses, and lipotoxic stress. These effects may reduce inflammatory activation in
metabolically vulnerable tissues and thereby influence biological environments associated with cancer
development. This indirect metabolic pathway may be more clinically relevant than direct tumor
suppression, especially in populations at risk for obesity-related and inflammation-associated
malignancies.

A central challenge in interpreting the literature is the heterogeneity of exposure definitions. Studies
variously examine isolated oleic acid, omega-9 fatty acids, olive oil, extra-virgin olive oil,
monounsaturated-fat-rich diets, or Mediterranean dietary patterns. These exposures are related but not
equivalent. Isolated oleic acid allows mechanistic specificity but may not reproduce the food-matrix
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effects of olive oil. Extra-virgin olive oil includes oleic acid plus phenolic compounds, tocopherols, and
other minor bioactives. Mediterranean diet interventions include broader changes in dietary quality and
lifestyle (26). This heterogeneity partly explains why inflammation-related outcomes appear more
consistent than cancerrelated outcomes, where long latency, disease heterogeneity, and multiple

confounders complicate interpretation.

Another important limitation is the uneven distribution of evidence across outcome domains.
Inflammation, oxidative stress, and metabolic outcomes are supported by a wider range of experimental
and human studies, whereas direct cancer-management outcomes remain underdeveloped. Many
cancer-related conclusions rely on mechanistic plausibility rather than clinical endpoint data. In
addition, cancer type, tumor biology, dose, duration of exposure, baseline diet, and disease stage may all
influence whether omega-9-rich exposures produce measurable effects. As a result, the current evidence
is best interpreted as supportive of inflammation reduction and metabolic improvement, with cancer
prevention remaining plausible but not conclusively established.

The findings have practical implications for nutrition and preventive health. Omega-9-rich foods,
especially extra-virgin olive oil, nuts, seeds, avocados, and other components of Mediterranean-style
dietary patterns, may be useful within broader strategies aimed at reducing chronic inflammation and
improving metabolic health. In clinical and public-health contexts, these foods should be framed as
supportive dietary components rather than therapeutic substitutes for established cancer prevention,
screening, or treatment strategies. The most defensible recommendation is to encourage omega-9-rich
foods as part of an overall dietary pattern characterized by high nutritional quality, low inflammatory
burden, and cardiometabolic benefit.

Future research should focus on separating the independent effects of oleic acid from those of olive-oil
phenolics and Mediterranean dietary patterns. Randomized controlled trials comparing oleic-acid-rich
interventions with matched dietary-fat controls would help clarify dose-response relationships and
biological specificity. Longitudinal studies should examine cancer-specific outcomes, particularly in
populations with metabolic syndrome, obesity, insulin resistance, or elevated inflammatory biomarkers.
Mechanistic human studies using biomarker panels, lipidomics, metabolomics, and inflammatory
pathway profiling could also clarify how omega-9 fatty acids influence immune and metabolic networks.
For cancer-related outcomes, future work should prioritize tumor-specific pathways, clinically relevant
endpoints, and careful distinction between prevention, supportive care, and treatment response.

CONCLUSION

Omega-9 fatty acids, particularly oleic acid, appear to be beneficial dietary components with the most
consistent evidence supporting their role in inflammation regulation, oxidative stress reduction,
immune modulation, and metabolic improvement. Their biological effects are plausibly mediated
through changes in membrane composition, inflammatory cytokine signaling, oxidative balance,
mitochondrial function, lipid metabolism, and immune-cell activity. Although mechanistic and
preclinical studies suggest potential relevance to cancer-related pathways such as apoptosis,
angiogenesis, tumor-cell proliferation, and tumor microenvironment signaling, current human
evidence is stronger for indirect cancer-risk modulation through anti-inflammatory and metabolic
effects than for direct cancer management. Therefore, omega-9-rich foods, especially within olive-oil-
rich Mediterranean-style dietary patterns, should be regarded as supportive components of preventive
nutrition rather than independent anticancer interventions. Future research should clarify the distinct
effects of isolated oleic acid, extra-virgin olive oil phenolics, and whole dietary patterns through well-
designed human studies with cancer-specific and inflammation-related outcomes.
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