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Fatty acids are essential in human physiology, serving as primary energy sources,
forming membrane lipids, and acting as cellular signaling molecules, thereby playing a
significant role in the etiology of metabolic syndrome [1]. They are also crucial to the
development and progression of various metabolic disorders, such as insulin resistance
and cardiovascular diseases [2]. This Special Issue compiles publications that explore the
role of dietary fatty acids in metabolic health through a multidimensional approach.

Excessive intake of dietary fats, particularly saturated fats, is strongly associated with
an increased risk of chronic diseases such as obesity, diabetes, cardiovascular diseases, and
hepatic metabolic disorders [3,4]. High-fat diets (HFD) can lead to obesity, hyperlipidemia,
and metabolic disorders by altering the gut microbiota composition, reducing microbial
diversity, and increasing the Firmicutes-to-Bacteroidetes ratio [4]. These changes in gut
microbiota can enhance intestinal permeability, exacerbate inflammatory responses, and
disrupt metabolic functions [4].

Dietary fatty acids have diverse and often opposing effects on blood lipid levels and
the pathogenesis of cardiovascular diseases (CVDs). For instance, saturated fatty acids
(SFAs) and trans isomeric fatty acids (TFAs) are linked to the development of atherosclerosis,
while monounsaturated fatty acids (MUFAs) as well as n-3 polyunsaturated fatty acids
(PUFAs) may offer cardioprotective benefits. However, research also suggests that SFAs and
TFAs should not be uniformly considered as having solely adverse effects. Randomized
clinical trials have shown that, despite coconut oil’s high content of medium-chain SFAs, it
may not negatively impact blood lipids in healthy individuals. In these studies, short-term
supplementation resulted in increased high-density lipoprotein (HDL) cholesterol levels, al-
though the effect on low-density lipoprotein (LDL) cholesterol levels was inconsistent [5,6].
A meta-analysis further supported that medium-chain SFAs can raise HDL cholesterol
levels without affecting triglyceride (TG) or total cholesterol levels [7].

TFAs can be divided into two subgroups: industrial and ruminant-origin TFAs. While
the consumption of TFAs is generally linked to an increased risk of dyslipidemia and
cardiovascular diseases, this risk is primarily associated with industrial-origin TFAs (iTFAs),
whereas the effects of ruminant-origin TFAs (rTFAs) remain a topic of debate [8,9]. Evidence
suggests that both total TFA and iTFA intakes are connected to a heightened risk of coronary
heart disease (CHD) and CHD mortality, whereas rTFA intake seems to have no significant
impact [10]. Conversely, recent findings indicate that both forms of TFAs may elevate
cardiovascular risk factors, although rTFAs might be comparatively less harmful [11].

On the other hand, n-3 PUFAs are generally recognized for their beneficial effects,
but not all members of this family have the same impact. In the STRENGTH trial, a
daily supplementation of 4 g of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) did not affect the incidence of major adverse cardiovascular events, including
cardiovascular death, nonfatal myocardial infarction, and stroke [12]. In contrast, the
REDUCE-IT trial found that a 4 g/day EPA ethyl ester supplementation can significantly
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reduce the hazard ratio of cardiovascular death, stroke, and myocardial infarction [13]. A
recent meta-analysis showed that while there was little or no effect of higher n-3 long-chain
PUFA intake on the risk of cardiovascular events or mortality, it could reduce serum TG
levels by 15% [14]. Additionally, a dose–response meta-analysis demonstrated a strong TG
and non-HDL-lowering effect of EPA + DHA supplementation [15].

This Special Issue presents a collection of seven original research papers and a review
that highlights the importance of dietary fatty acids in various aspects of metabolic diseases.
A HFD is known to induce obesity, and in animal studies, it serves as a tool to explore the
diverse aspects of obesity-related metabolic disorders. In a rat study, both dietary peanut oil
and high-oleic peanut oil were found to enhance the diversity of intestinal microbiota and
improve dyslipidemia and insulin sensitivity when compared to saturated fats in animals
fed a high-fat/high-fructose diet (contribution 1). Additionally, a HFD is utilized to study
metabolic dysfunction-associated fatty liver disease (MASLD) in animal models. Camellia
seed cake extract, which is rich in several bioactive components, has been shown to reduce
body weight and serum levels of total cholesterol, TG, and LDL-cholesterol. Furthermore,
it decreased hepatic lipid accumulation, mitigated oxidative stress, and upregulated the
expression of genes involved in coenzyme Q biosynthesis, thereby increasing coenzyme Q
levels (contribution 4). Maternal obesity during pregnancy affects not only maternal but
also offspring health, leading to complications during pregnancy, delivery, and later in life.
A maternal HFD increased the weight of adipose tissue in the offspring, altered the fatty
acid composition of their organs, and resulted in both metabolic and behavioral distur-
bances, such as anxiety-like behavior (contribution 5). Moreover, a maternal HFD during
pregnancy can cause morphological changes in the offspring’s brain, impacting normal
brain development. This effect could be mitigated with maternal fish oil supplementation,
which is rich in EPA and DHA (contribution 6).

A high-quality diet and adherence to healthy eating patterns are associated with a
reduced prevalence of metabolic syndrome and other cardiometabolic biomarkers. An
American study demonstrated that a higher healthy eating index score correlates with a
lower body mass index and a decreased incidence of metabolic syndrome. Additionally,
several lipid species were found to be associated with a higher healthy eating index score,
which in turn were strongly linked to improved cardiometabolic indicators (contribution 2).
Dietary interventions have proven to be effective strategies for influencing cardiometabolic
risk factors. Among African Americans, a reduction in dietary SFAs resulted in increased
lipoprotein(a) levels across apolipoprotein(a) size, and in certain instances, led to a reclas-
sification of cardiovascular risk (contribution 3). While n-3 PUFAs confer several health
benefits, the underlying mechanisms remain not fully elucidated. A systematic review con-
solidates current knowledge on the modulation of metabolic disease pathways by dietary
omega-3 PUFAs, drawing on findings from various omics studies, including lipidomics,
proteomics, transcriptomics, and metabolomics (contribution 7). TFAs are known to have
several adverse effects on human health; however, their role in type 1 diabetes mellitus
remains unclear. In young diabetic adults and children, lower blood TFA values were
observed. Yet, in cases of diabetic ketoacidosis, TFA values were higher compared to
healthy peers or diabetic children without diabetic ketoacidosis (contribution 8).
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Abbreviations
The following abbreviations are used in this manuscript:

CHD coronary heart disease
CVD cardiovascular disease
DHA docosahexaenoic acid
EPA eicosapentaenoic acid
HDL high-density lipoprotein
HFD high-fat diet
LDL low-density lipoprotein
MUFA monounsaturated fatty acid
PUFA polyunsaturated fatty acid
SFA saturated fatty acid
TFA trans fatty acid
iTFA industrial-origin trans fatty acid
rTFA ruminant-origin trans fatty acid
TG triglyceride

List of Contributions

1. Zhao, Z.; Zhong, L.; Zhou, P.; Deng, Y.; Liu, G.; Li, P.; Zeng, J.; Zhang, Y.; Tang, X.; Zhang, M.
Impact of Dietary Fatty Acid Composition on the Intestinal Microbiota and Fecal Metabolism of
Rats Fed a High-Fructose/High-Fat Diet. Nutrients 2024, 16, 3774, https://doi.org/10.3390/nu1
6213774.

2. Berkowitz, L.; Echeverría, G.; Salazar, C.; Faúndez, C.; Coe, C.L.; Ryff, C.; Rigotti, A. Lipidomic
Signature of Healthy Diet Adherence and Its Association with Cardiometabolic Risk in American
Adults. Nutrients 2024, 16, 3995, https://doi.org/10.3390/nu16233995.

3. Law, H.G.; Myagmarsuren, M.; Bang, H.; Zhang, W.; Lefevre, M.; Berglund, L.; Enkhmaa, B.
Lipoprotein(a) Response to Dietary Saturated Fat Reduction: Relationship to Apolipoprotein(a)
Size Polymorphism in African Americans. Nutrients 2025, 17, 426, https://doi.org/10.3390/nu1
7030426.

4. Chen, X.; Chen, B.; Li, Z.; Ma, L.; Zhu, Q.; Liu, C.; He, H.; Zhang, Z.; Zhou, C.; Liu, G.; et al.
The Extract of Camellia Seed Cake Alleviates Metabolic Dysfunction-Associated Steatotic Liver
Disease (MASLD) in Mice by Promoting Coenzyme Q Synthesis. Nutrients 2025, 17, 1032,
https://doi.org/10.3390/nu17061032.

5. Mercado-López, L.; Muñoz, Y.; Farias, C.; Beyer, M.P.; Carrasco-Gutiérrez, R.; Caicedo-Paz, A.V.;
Dagnino-Subiabre, A.; Espinosa, A.; Valenzuela, R. High-Fat Diet in Perinatal Period Promotes
Liver Steatosis and Low Desaturation Capacity of Polyunsaturated Fatty Acids in Dams: A
Link with Anxiety-Like Behavior in Rats. Nutrients 2025, 17, 1180, https://doi.org/10.3390/nu1
7071180.

6. Muñoz, Y.; Kaune, H.; Dagnino-Subiabre, A.; Cruz, G.; Toledo, J.; Valenzuela, R.; Moraga,
R.; Tabilo, L.; Flores, C.; Muñoz, A.; et al. Fish Oil Supplementation Attenuates Offspring’s
Neurodevelopmental Changes Induced by a Maternal High-Fat Diet in a Rat Model. Nutrients
2025, 17, 1741, https://doi.org/10.3390/nu17101741.

7. Li, J.; Lin, Y.-C.; Zuo, H.-L.; Huang, H.-Y.; Zhang, T.; Bai, J.-W.; Huang, H.-D. Dietary Omega-
3 PUFAs in Metabolic Disease Research: A Decade of Omics-Enabled Insights (2014–2024).
Nutrients 2025, 17, 1836, https://doi.org/10.3390/nu17111836.

8. Szabó, É.; Marosvölgyi, T.; Mihályi, K.; Lohner, S.; Decsi, T. Trans Isomeric Fatty Acids in Children
and Young Adults with Type 1 Diabetes Mellitus. Nutrients 2025, 17, 1907, https://doi.org/10.339
0/nu17111907.

https://doi.org/10.3390/nu16213774
https://doi.org/10.3390/nu16213774
https://doi.org/10.3390/nu16233995
https://doi.org/10.3390/nu17030426
https://doi.org/10.3390/nu17030426
https://doi.org/10.3390/nu17061032
https://doi.org/10.3390/nu17071180
https://doi.org/10.3390/nu17071180
https://doi.org/10.3390/nu17101741
https://doi.org/10.3390/nu17111836
https://doi.org/10.3390/nu17111907
https://doi.org/10.3390/nu17111907


Nutrients 2025, 17, 2512 4 of 4

References
1. Wakil, S.J.; Abu-Elheiga, L.A. Fatty acid metabolism: Target for metabolic syndrome. J. Lipid Res. 2009, 50, S138–S143. [CrossRef]

[PubMed]
2. Qi, D.; Rodrigues, B. Glucocorticoids produce whole body insulin resistance with changes in cardiac metabolism. Am. J. Physiol.

Endocrinol. Metab. 2007, 292, E654–E667. [CrossRef] [PubMed]
3. Crescenzo, R.; Bianco, F.; Mazzoli, A.; Giacco, A.; Cancelliere, R.; di Fabio, G.; Zarrelli, A.; Liverini, G.; Iossa, S. Fat Quality

Influences the Obesogenic Effect of High Fat Diets. Nutrients 2015, 7, 9475–9491. [CrossRef] [PubMed]
4. Du, W.; Zou, Z.P.; Ye, B.C.; Zhou, Y. Gut microbiota and associated metabolites: Key players in high-fat diet-induced chronic

diseases. Gut Microbes 2025, 17, 2494703. [CrossRef] [PubMed]
5. Khaw, K.T.; Sharp, S.J.; Finikarides, L.; Afzal, I.; Lentjes, M.; Luben, R.; Forouhi, N.G. Randomised trial of coconut oil, olive oil or

butter on blood lipids and other cardiovascular risk factors in healthy men and women. BMJ Open 2018, 8, e020167. [CrossRef]
[PubMed]

6. Nagashree, R.S.; Manjunath, N.K.; Indu, M.; Ramesh, M.; Venugopal, V.; Sreedhar, P.; Pavithra, N.; Nagendra, H.R. Effect of a Diet
Enriched with Fresh Coconut Saturated Fats on Plasma Lipids and Erythrocyte Fatty Acid Composition in Normal Adults. J. Am.
Coll. Nutr. 2017, 36, 330–334. [CrossRef] [PubMed]

7. Panth, N.; Abbott, K.A.; Dias, C.B.; Wynne, K.; Garg, M.L. Differential effects of medium- and long-chain saturated fatty acids on
blood lipid profile: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2018, 108, 675–687. [CrossRef] [PubMed]

8. Brouwer, I.A.; Wanders, A.J.; Katan, M.B. Trans fatty acids and cardiovascular health: Research completed? Eur. J. Clin. Nutr.
2013, 67, 541–547. [CrossRef] [PubMed]

9. Lichtenstein, A.H. Dietary trans fatty acids and cardiovascular disease risk: Past and present. Curr. Atheroscler. Rep. 2014, 16, 433.
[CrossRef] [PubMed]

10. de Souza, R.J.; Mente, A.; Maroleanu, A.; Cozma, A.I.; Ha, V.; Kishibe, T.; Uleryk, E.; Budylowski, P.; Schunemann, H.; Beyene, J.;
et al. Intake of saturated and trans unsaturated fatty acids and risk of all cause mortality, cardiovascular disease, and type 2
diabetes: Systematic review and meta-analysis of observational studies. BMJ 2015, 351, h3978. [CrossRef] [PubMed]

11. Verneque, B.J.F.; Machado, A.M.; de Abreu Silva, L.; Lopes, A.C.S.; Duarte, C.K. Ruminant and industrial trans-fatty acids
consumption and cardiometabolic risk markers: A systematic review. Crit. Rev. Food Sci. Nutr. 2022, 62, 2050–2060. [CrossRef]
[PubMed]

12. Nicholls, S.J.; Lincoff, A.M.; Garcia, M.; Bash, D.; Ballantyne, C.M.; Barter, P.J.; Davidson, M.H.; Kastelein, J.J.P.; Koenig, W.;
McGuire, D.K.; et al. Effect of High-Dose Omega-3 Fatty Acids vs Corn Oil on Major Adverse Cardiovascular Events in Patients
at High Cardiovascular Risk: The STRENGTH Randomized Clinical Trial. JAMA 2020, 324, 2268–2280. [CrossRef] [PubMed]

13. Bhatt, D.L.; Miller, M.; Brinton, E.A.; Jacobson, T.A.; Steg, P.G.; Ketchum, S.B.; Doyle, R.T., Jr.; Juliano, R.A.; Jiao, L.; Granowitz,
C.; et al. REDUCE-IT USA: Results From the 3146 Patients Randomized in the United States. Circulation 2020, 141, 367–375.
[CrossRef] [PubMed]

14. Abdelhamid, A.S.; Brown, T.J.; Brainard, J.S.; Biswas, P.; Thorpe, G.C.; Moore, H.J.; Deane, K.H.; Summerbell, C.D.; Worthington,
H.V.; Song, F.; et al. Omega-3 fatty acids for the primary and secondary prevention of cardiovascular disease. Cochrane Database
Syst. Rev. 2020, 3, CD003177. [CrossRef] [PubMed]

15. Wang, T.; Zhang, X.; Zhou, N.; Shen, Y.; Li, B.; Chen, B.E.; Li, X. Association Between Omega-3 Fatty Acid Intake and Dyslipidemia:
A Continuous Dose-Response Meta-Analysis of Randomized Controlled Trials. J. Am. Heart Assoc. 2023, 12, e029512. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1194/jlr.R800079-JLR200
https://www.ncbi.nlm.nih.gov/pubmed/19047759
https://doi.org/10.1152/ajpendo.00453.2006
https://www.ncbi.nlm.nih.gov/pubmed/17077342
https://doi.org/10.3390/nu7115480
https://www.ncbi.nlm.nih.gov/pubmed/26580650
https://doi.org/10.1080/19490976.2025.2494703
https://www.ncbi.nlm.nih.gov/pubmed/40260760
https://doi.org/10.1136/bmjopen-2017-020167
https://www.ncbi.nlm.nih.gov/pubmed/29511019
https://doi.org/10.1080/07315724.2017.1280713
https://www.ncbi.nlm.nih.gov/pubmed/28506118
https://doi.org/10.1093/ajcn/nqy167
https://www.ncbi.nlm.nih.gov/pubmed/30239550
https://doi.org/10.1038/ejcn.2013.43
https://www.ncbi.nlm.nih.gov/pubmed/23531781
https://doi.org/10.1007/s11883-014-0433-1
https://www.ncbi.nlm.nih.gov/pubmed/24907053
https://doi.org/10.1136/bmj.h3978
https://www.ncbi.nlm.nih.gov/pubmed/26268692
https://doi.org/10.1080/10408398.2020.1836471
https://www.ncbi.nlm.nih.gov/pubmed/33081490
https://doi.org/10.1001/jama.2020.22258
https://www.ncbi.nlm.nih.gov/pubmed/33190147
https://doi.org/10.1161/CIRCULATIONAHA.119.044440
https://www.ncbi.nlm.nih.gov/pubmed/31707829
https://doi.org/10.1002/14651858.CD003177.pub5
https://www.ncbi.nlm.nih.gov/pubmed/32114706
https://doi.org/10.1161/JAHA.123.029512
https://www.ncbi.nlm.nih.gov/pubmed/37264945

	References

