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Abstract

The dietary balance between omega-3 (n-3) and omega-6 (n-6) polyunsaturated fatty acids (PUFAs) is
crucial in modulating inflammation and promoting optimal physiological function. Modern diets,
particularly in industrialized countries, are skewed heavily in favor of n-6 fatty acids, often reaching
ratios as high as 1:20 or more, compared to the ideal range of 1:1 to 1:4. This imbalance is associated
with the pathogenesis of numerous chronic diseases, including cardiovascular conditions, obesity,
diabetes, neurodegenerative disorders, and certain cancers. This review integrates evidence from
approximately 45 original research studies to discuss the biological relevance of the n-3/n-6 ratio, its
implications for health, and feasible dietary strategies for restoring balance. It also explores historical
and cultural dietary patterns, biochemical pathways, and emerging public health interventions. The
restoration of a healthy n-3/n-6 ratio is not only a nutritional priority but a public health imperative.

Keywords: Omega-3 fatty acids (n-3 PUFAs), omega-6 fatty acids (n-6 PUFAs), n-3/n-6 ratio,
polyunsaturated fatty acids, inflammation modulation

INTRODUCTION

Lipids are essential in human nutrition, serving as both a primary energy source and crucial
components of cellular structures and signaling pathways. Among these, polyunsaturated fatty acids
(PUFAs), particularly omega-3 (n-3) and omega-6 (n-6) fatty acids, play a critical role in maintaining
physiological balance (Swanson et al.; 2012) [1]. These fatty acids are termed “essential” because the
human body cannot synthesize them due to the lack of desaturase enzymes required to introduce double
bonds at specific positions in the fatty acid chain. Therefore, alpha-linolenic acid (ALA, n-3) and
linoleic acid (LA, n-6) must be obtained from dietary sources. Historically, diets were balanced in these
fatty acids, primarily from natural food sources like leafy greens, wild-caught fish, and grass-fed meat.
However, with the rise of industrialized food systems and increased reliance on refined oils, this balance
has been disrupted. As Simopoulos (2002) [2] noted, our ancestors likely consumed a balanced n-3 to
n-6 ratio of approximately 1:1, whereas modern diets, particularly in Western and urban Indian settings,
often present ratios as high as 15:1 or 20:1. This
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imbalance contributes to inflammation, altered
lipid profiles, and an increased prevalence of
chronic diseases.

Omega-3 fatty acids, especially EPA and DHA,
have well-documented anti-inflammatory
properties, helping to reduce the risk of
cardiovascular diseases by improving lipid profiles
and lowering blood pressure (Yashodhara et al.,
2009) [3]. These beneficial effects extend to brain
health and mental well-being, with sufficient
omega-3 intake linked to a reduced risk of
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neurodegenerative diseases. Furthermore, omega-3s are vital for optimal immune function and may
help prevent chronic inflammatory diseases. However, an imbalance in the intake of n-3 and n-6 fatty
acids, with excessive n-6 and insufficient n-3, has been linked to the onset of chronic conditions,
including cardiovascular diseases, due to the inflammatory effects of this imbalance (Othman et al.,
2009) [4]. Restoring the right balance of these essential fatty acids through dietary adjustments is crucial
for reducing disease risks and promoting overall health. This article explores the importance of
achieving the proper n-3/n-6 fatty acid ratio and strategies for dietary improvement to enhance health
and prevent disease.

IMPORTANCE OF N-3/N-6 FATTY ACID RATIO

The functional antagonism between n-3 and n-6 PUFAs is a key factor in the body’s inflammatory
responses. Both fatty acids are metabolized through shared enzyme pathways — specifically delta-6-
desaturase and elongases — to produce long-chain metabolites, such as arachidonic acid (AA) from LA
and EPA/DHA from ALA. Arachidonic acid-derived eicosanoids (prostaglandins, thromboxanes, and
leukotrienes) generally promote inflammation, vasoconstriction, and platelet aggregation. In contrast,
EPA, and DHA-derived eicosanoids exhibit anti-inflammatory and cardioprotective effects. Calder
(2001) [5] highlighted that n-3 PUFAs, particularly EPA and DHA, can downregulate the production
of pro-inflammatory cytokines and eicosanoids, thereby enhance immune regulation and reducing
chronic inflammation.

An optimal ratio allows the body to balance these competing effects, promoting homeostasis and
optimal immune functioning. An elevated n-6 intake without sufficient n-3 fatty acids shifts the body
toward a pro-inflammatory state. This chronic low-grade inflammation underlies many non-
communicable diseases (NCDs), including type 2 diabetes, atherosclerosis, rheumatoid arthritis, and
even depression. Emerging research also suggests that the ratio impacts gene expression through
peroxisome proliferator-activated receptors (PPARs), which regulate lipid metabolism and
inflammatory processes (Calder, 2017) [6].

Moreover, researchers have highlighted that it is not merely the absolute intake but the ratio of n-3
to n-6 that determines health outcomes. For instance, increasing n-3 intake without reducing n-6 does
not yield optimal benefits unless the ratio is improved simultaneously (Patterson et al., 2012) [ 7]. Hence,
public health recommendations should aim at both increasing n-3 and moderating n-6 consumption.

HEALTH EFFECTS OF N-3/N-6 RATIO IMBALANCE
Cardiovascular Disease

Cardiovascular diseases (CVDs) are the leading cause of mortality worldwide. An imbalanced n-3/n-
6 ratio exacerbates many cardiovascular risk factors, including high blood pressure, arterial stiffness,
elevated triglycerides, and endothelial dysfunction. Numerous cohort and interventional studies,
including those by Mozaffarian and Wu (2011), Kris-Etherton et al. (2002), and Rizos et al. (2012) [8,
9, 10], report that higher EPA and DHA intake significantly reduces cardiovascular events.

Omega-3 fatty acids reduce arrhythmias by stabilizing cardiac cell membranes and modulate heart
rate variability (HRV). They also lower serum triglyceride levels, reduce platelet aggregation, and
decrease the expression of pro-inflammatory genes, such as NF-kB and TNF-a. Conversely, excessive
n-6 fatty acid intake enhances the synthesis of prothrombotic and vasoconstrictive eicosanoids, thereby
promoting plaque formation and arterial blockage. Connor (2000) [11] emphasized that n-3 fatty acids
are crucial for cardiovascular health, neural development, and immune function, and their deficiency
contributes to various chronic diseases. DiNicolantonio and O’Keefe (2018) [12] proposed that omega-
6 vegetable oils, particularly through oxidized linoleic acid metabolites, may be a significant driver of
coronary heart disease. They emphasized the need to reevaluate the widespread use of these oils given
their potential pro-inflammatory and pro-atherogenic effects.

A study by Lemaitre et al. (2006) [13] showed a strong inverse association between plasma n-3 levels
and the incidence of sudden cardiac death. As cardiovascular morbidity continues to rise, balancing the
PUFA ratio offers a preventive, cost-effective strategy with widespread public health implications.
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Adequate intake of omega-3 fatty acids is crucial for maintaining nutritional balance and promoting
cardiovascular health. According to Gebauer et al. (2006) [14], consuming foods rich in omega-3s, such
as fatty fish, flaxseed, and walnuts, is vital for achieving these health benefits and preventing
cardiovascular disease. Alpha-linolenic acid (ALA), a plant-derived omega-3 fatty acid, contributes to
cardiovascular health, even though its conversion to EPA and DHA is limited. A meta-analysis by Pan
et al. (2012) [15] found that higher ALA intake was significantly linked to a reduced risk of
cardiovascular disease, underscoring its role as a heart-healthy nutrient in plant-based diets.

Obesity and Metabolic Syndrome

The global obesity epidemic is closely intertwined with dietary changes, including increased
consumption of seed oils and ultra-processed foods high in n-6 PUFAs. Simopoulos (2016) [16]
postulated that excessive n-6 intake promotes adipogenesis via endocannabinoid pathways. These
endogenous lipid messengers, derived from AA, stimulate fat storage and appetite.

Several animal studies and human trials have shown that higher dietary n-6 leads to more visceral fat
accumulation, insulin resistance, and elevated inflammatory markers, such as C-reactive protein (CRP)
(Lin et al., 2025) [17]. In contrast, n-3 fatty acids suppress lipogenesis, enhance fatty acid oxidation,
and improve insulin sensitivity through PPAR-y activation (Kalupahana et al., 2011) [18]. Clinical
studies show that supplementation with EPA/DHA reduces waist circumference, fasting glucose, and
markers of metabolic syndrome (Talon et al., 2015) [19].

A higher n-3/n-6 ratio also mitigates non-alcoholic fatty liver disease (NAFLD), an emerging
metabolic concern. Therefore, modulating this ratio can be a significant lever in controlling the obesity
pandemic, particularly in countries facing rapid nutritional transitions (Bogl et al., 2020) [20].

Cancer

Chronic inflammation is a known contributor to carcinogenesis. Excess n-6 fatty acid intake increases
the synthesis of AA-derived prostaglandin E2 (PGE2), a pro-inflammatory mediator that promotes
tumor growth, angiogenesis, and cell proliferation. Studies in colorectal, breast, and prostate cancers
have consistently demonstrated that higher n-6 intake and a lower n-3/n-6 ratio correlate with greater
cancer risk (Liu et al., 2021) [21].

EPA and DHA exert anti-carcinogenic effects by inducing apoptosis, suppressing COX-2 expression,
and reducing oxidative stress. They also modify lipid raft composition in cell membranes, affecting
signal transduction in cancer cells (Gogus and Smith, 2010) [22]. In breast cancer research, increased
intake of EPA/DHA has been associated with reduced tumor size, improved chemotherapy tolerance,
and better overall survival (Calder, 2006) [23].

Furthermore, animal models have shown that dietary n-3 fatty acids downregulate oncogenes and
upregulate tumor suppressor genes. Hence, restoring balance in PUFA intake offers promising
adjunctive benefits in cancer prevention and management (Gu et al., 2015) [24].

Mental Health and Neurodevelopment

The human brain is nearly 60% fat, with DHA being a key structural component of neuronal
membranes, influencing neurotransmission, plasticity, and neuroprotection. Numerous epidemiological
studies have linked low plasma DHA levels to an increased risk of mood disorders, ADHD, and
neurodegenerative diseases like Alzheimer’s (Zhou et al., 2024) [25]. Furthermore, omega-3 fatty acids,
particularly DHA, have shown promise in supporting mental health. Freeman et al. (2006) [26]
emphasized the potential of omega-3 fatty acids in the treatment of mood disorders, noting their critical
role in reducing symptoms of depression and bipolar disorder, further highlighting the importance of DHA
for both brain health and psychiatric well-being. Guesnet and Alessandri (2011) [27] also highlighted the
critical role of DHA in the development of the central nervous system, especially during early life,
underscoring the importance of ensuring adequate DHA levels for brain development and function.
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Freeman et al. (2006) [26] found that countries with higher fish consumption had lower rates of
depression and bipolar disorder. DHA and EPA reduce neuroinflammation, enhance dopaminergic
signaling, and increase brain-derived neurotrophic factor (BDNF), essential for cognitive health.
Randomized controlled trials have also shown that n-3 supplementation improves attention, learning,
and social behavior in children with ADHD (Chang et al., 2024) [28].

Maternal nutrition plays a pivotal role in fetal brain development, with omega-3 fatty acids —
particularly DHA — being essential during pregnancy and lactation. Helland et al. (2003) [29]
demonstrated that maternal supplementation with very-long-chain n-3 fatty acids significantly
improved children’s 1Q at age 4, underscoring the long-term cognitive benefits. Innis (2008) [30]
reported that DHA accumulation in the fetal brain peaks during the third trimester, making adequate
maternal intake critical for neurodevelopment. Oken et al. (2005) [31] and Ramakrishnan et al. (2012)
[32] further supported these findings by showing that higher maternal fish consumption was associated
with better infant cognition, even when accounting for mercury exposure. Insufficient maternal DHA
levels have been linked to poor visual acuity and cognitive deficits in infants, reinforcing the importance
of maintaining adequate DHA status throughout pregnancy.

Numerous studies suggest that omega-3 fatty acids, particularly DHA, may play a protective role
against age-related cognitive decline and neurodegenerative conditions. Huang (2010) [33] critically
reviewed existing literature and concluded that higher intake of omega-3s is associated with a reduced
risk of Alzheime’s disease and slower cognitive decline, emphasizing their neuroprotective potential in
aging populations.

Hence, improving the n-3/n-6 ratio is not only beneficial for managing neurodegenerative disorders
but also crucial for the developmental health of future generations.

Inflammatory and Autoimmune Disorders

Autoimmune conditions, such as rheumatoid arthritis, psoriasis, and inflammatory bowel disease are
marked by immune dysregulation and persistent inflammation. Excess n-6-derived mediators like
leukotrienes and thromboxanes promote leukocyte infiltration, joint swelling, and tissue destruction
(Patterson et al., 2012) [7].

Omega-3 fatty acids, particularly EPA and DHA, are converted into specialized pro-resolving
mediators (SPMs), such as resolvins, protectins, and maresins, which actively resolve inflammation
rather than just suppress it (Serhan and Levy, 2018) [34]. Clinical trials have shown that omega-3
supplementation reduces joint stiffness, pain scores, and the need for NSAIDs in patients with arthritis
(Wall et al., 2010) [35].

In Crohn’s disease and ulcerative colitis, n-3 fatty acids reduce cytokine storms and oxidative damage
to the intestinal mucosa. The immunomodulatory effects of omega-3 PUFAs make them a promising
non-pharmacological adjunct in the treatment of inflammatory and autoimmune diseases (Marton et al.,
2019) [36].

GLOBAL TRENDS AND CAUSES OF IMBALANCE IN N-3/N-6 RATIO

Over the past century, globalization, industrial agriculture, and modern food processing have
significantly altered dietary fat composition. Traditionally, humans consumed a nearly equal ratio of n-
3 to n-6 fatty acids due to the availability of wild games, foraged plants, and marine foods. However,
modern food systems have dramatically tipped this balance (Van Vliet and Katan, 1990) [37].

The primary contributors to this shift are vegetable oils rich in linoleic acid (such as soybean,
sunflower, safflower, corn, and cottonseed oil), which have become staples in processed foods. As per
the FAO data, global production and consumption of vegetable oils have increased manifold in the past
few decades. In contrast, the intake of omega-3-rich foods like flaxseed, walnuts, chia seeds, fatty fish,
and pasture-raised animal products has either remained stagnant or declined (Saidaiah et al., 2024) [38].
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Several studies, including those by Simopoulos (2008) and Blasbalg et al. (2011) [39, 40], reveal that

the average Western and urban Indian diets now have an n-6 to n-3 ratio ranging from 15:1 to 20:1, far
beyond the evolutionary norm. Such trends are driven by:

e Increased availability and affordability of seed oils.
Urbanization and processed food consumption.

Reduced access to fresh, whole foods.

Lack of public awareness regarding healthy fats.

Absence of regulatory guidelines on ideal fatty acid ratios.

This dietary shift, although economically beneficial for the food industry, is a public health concern

that demands urgent attention:

DIETARY STRATEGIES TO IMPROVE THE N-3/N-6 RATIO

Mable 1. Summary of dietary sources and recommended intakes.

Nutrient Rich food sources Recommended intake Key notes

ALA (n-3) Flaxseeds, chia seeds, walnuts, 1.1 g/day (women), 1.6  |Plant-based; limited conversion to
soybeans, canola oil g/day (men) EPA/DHA.

EP4 & DHA  |Fatty fish (salmon, sardines, 250-500 mg/day Crucial for heart and brain health.

(n-3) mackerel, trout), fish oil, algae EPA+DHA

LA (n-6) Sunflower, safflower, corn, soybean |11-17 g/day Keep within range; excessive
oils, nuts, seeds intake can be harmful.

AA (n-6) Eggs, poultry, meat No specific RDA Endogenously produced from LA

Ideal Ratio - 1:1to 4:1 (n-6:n-3) Most current diets are 15:1 or

higher.

Improving the dietary n-3 to n-6 fatty acid ratio requires both an increased intake of omega-3-rich

foods and a reduction in excessive omega-6 consumption. While plant-based sources, such as flaxseeds,
chia seeds, and walnuts are rich in ALA, the body’s ability to convert ALA into the biologically active
forms EPA and DHA is limited. As a result, many individuals fall short of the recommended levels of
long-chain omega-3s. Meyer (2011) [41] emphasized that most populations do not consume adequate
amounts of EPA and DHA for optimal health, highlighting the need for targeted dietary changes or
supplementation.

Increase n-3 Fatty Acid Intake

Marine Sources: Fatty fish, such as salmon, sardines, mackerel, herring, and anchovies are the
richest sources of EPA and DHA. Regular consumption of 2-3 servings per week can significantly
raise blood levels. Deckelbaum and Torrejon (2012) [42] highlighted that omega-3 fatty acids from
marine sources are more bioavailable and exert stronger anti-inflammatory effects compared to
plant-based ALA. They further noted that dietary interventions using marine omega-3s have shown
consistent benefits in reducing the risk of chronic diseases.

Plant-Based Sources: Plant-based sources, such as flaxseeds, chia seeds, walnuts, hemp seeds, and
canola oil are rich in ALA (a-linolenic acid), which contributes to overall omega-3 status. Although
the conversion of ALA to EPA and DHA is limited (~5-10%), it still plays a significant role in
omega-3 metabolism. Goyens et al. (2006) [43] found that this conversion is influenced by the
absolute amounts of ALA and linoleic acid in the diet, rather than the ratio between the two fatty
acids, underscoring the complexity of dietary factors in omega-3 metabolism. Despite the
conversion limitations, plant-based omega-3 sources remain an important dietary component for
supporting health [44, 45].

Fortified Foods: Omega-3-enriched eggs, dairy products, and functional beverages can improve
intake in populations with limited seafood access.
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o Supplements: Fish oil, krill oil, or algae-based omega-3 capsules are effective for individuals with
dietary restrictions.

Reduce Excess n-6 Fatty Acid Intake

o Limit usage of refined vegetable oils (e.g., soybean, sunflower, corn oil).

Replace with healthier alternatives like mustard oil, cold-pressed groundnut oil, or coconut oil.
Avoid ultra-processed snacks, fried foods, and baked goods high in industrial fats.

Read food labels for hidden sources of seed oils.

Promote Traditional and Local Diets

Traditional Indian diets based on millets, pulses, seasonal vegetables, mustard oil, and buttermilk
naturally had a better n-3/n-6 ratio. Reviving these habits, along with community-level nutrition
education, can drive long-term behavior change.

Public Health Policy Interventions
Governments and health authorities should:
o Issue dietary guidelines including recommendations for fatty acid ratios.
e Encourage agricultural policies favoring omega-3-rich crops.
e Fund awareness campaigns and community-based interventions.
o Encourage industry to reformulate products with improved fat quality.

By adopting these strategies, it is possible to restore a healthier balance of dietary fats and reduce the
burden of chronic diseases. After detailing the benefits of omega-3 fatty acids across various health
domains — including cardiovascular, cognitive, and developmental health — it is equally important to
consider their safety profile. Lien (2009) [46] reviewed the toxicology and safety of DHA and
concluded that it is well-tolerated, with no significant adverse effects observed even at high doses,
supporting its safe use in clinical and dietary applications.

CONCLUSION

The dietary n-3/n-6 fatty acid ratio is a critical yet often overlooked aspect of nutritional health.
Modern dietary patterns, marked by excessive n-6 intake and insufficient n-3 consumption, have shifted
this balance in ways that promote inflammation, chronic disease, and metabolic dysfunction. A growing
body of evidence from clinical trials, observational studies, and mechanistic research underscores the
significance of restoring this ratio.

*21ISga/\ |e1D13JO S|eudnof 3dadixg

Improving the n-3/n-6 ratio is not merely about adding supplements — it requires a holistic shift in
dietary practices, food production systems, and public health strategies. Whether it is reducing the
reliance on refined seed oils, promoting omega-3-rich local foods, or enhancing consumer awareness,
multi-level interventions are essential.

For countries like India undergoing rapid nutrition transitions, this presents a unique opportunity to
realign public health goals with traditional wisdom. By focusing on this vital nutrient balance, it is
possible to not only improve individual health outcomes but also reduce the societal burden of non-
communicable diseases.
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