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Abstract

Background and Aim: Cardiovascular diseases (CVDs) account for approximately 19.8 million deaths annually, with 85% attributable
to myocardial infarction and stroke. Systemic inflammation and metabolic syndrome are key contributors to ischemic events. Despite the
potential cardioprotective effects of alpha-linolenic acid (ALA), nutritional and oxidative limitations remain. This study aimed to
synthesize evidence on the enzymatic enrichment of edible oils with ALA as a strategy to prevent cardiovascular events.

Methods: A systematic search was conducted in PubMed, SpringerLink, and ScienceDirect (Elsevier) databases using keywords related
to ALA, lipase, enzymatic enrichment, systemic inflammation, metabolic syndrome, and CVD prevention. The initial search identified
727 records, which, after duplicate removal and three-stage screening (title, abstract, and full-text), yielded 68 eligible studies and
documents for final review.

Results: Enzymatic enrichment using sn-1,3-specific lipases and immobilization technologies can produce ALA-enriched oils with
enhanced oxidative stability. ALA attenuates systemic inflammatory responses by inhibiting the TLR4/MyD88/NF-kB pathway and
activating PPARo/PPARY, thereby reducing TNF-a, IL-6, and C-reactive protein (CRP) levels. Daily ALA intake of >3 g may reduce
atherogenic lipoproteins and lipoprotein(a) [Lp(a)], potentially contributing to the prevention of ischemic events. Camelina oil appears to
be the most suitable substrate, whereas canola oil represents the most practical option for population-level interventions. However, the
potential for a modest increase in LDL cholesterol and the influence of FADS1/FADS2 polymorphisms should be taken into consideration.
Conclusion: Enzymatic enrichment of edible oils with ALA may represent a safe, non-invasive, and feasible strategy for the prevention
of cardiovascular events at the public health level. Nevertheless, confirmation of its efficacy and safety requires phase Il clinical trials,
the development of stable encapsulation systems, and the establishment of appropriate regulatory frameworks to facilitate the large-scale
implementation of this approach.
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