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Abstract

Background Unhealthy dietary habits have been recognized as key contributors to the increasing incidence of
non-communicable diseases. Among the healthy nutrients studied, omega-3 fatty acids, especially eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), have received considerable attention for their benefits in cardiovascular
health and inflammation management. Their synthesis is regulated by enzymes encoded by FADST and ELOVL2
genes. Single nucleotide polymorphisms (SNPs) within these genes can modify the efficiency of fatty acid conversion,
thereby influencing the Omega-3 Index, which reflects omega-3 status, particularly EPA and DHA. This study aimed to
assess the impact of FADST (rs174537) and ELOVL2 (rs953413) polymorphisms on the effects on fatty acids profiles of
fish oil supplementation in healthy individuals.

Methods Eighty-six healthy adults aged 20-70 participated in a quasi-experimental intervention involving a
4-week fish oil supplementation rich in EPA and DHA. Dried-blood spots (DBS) were collected before and after the
intervention to evaluate lipid profiles. Genotyping for FADST and ELOVL2 SNPs was performed using high-resolution
melting analysis.

Results Post-supplementation, the percentage of EPA and DHA increased significantly (p <0.001), leading to an
improved Omega-3 Index. Baseline omega-3 percentages did not differ significantly between FADST and ELOVL2
genotypes. However, individuals with the ELOVL2 minor allele (GA+ AA) genotype benefited more from the fish oil
supplementation with increased EPA and DBS Omega-3 Index, indicating a more favorable metabolic response.

Conclusions Genetic variability may influence the metabolic response to fish oil supplementation. These findings
underscore the importance of personalized nutrition strategies to optimize health outcomes and prevent non-
communicable diseases.
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Introduction
Unbhealthy dietary habits have been widely recognized
as key contributors to the increasing incidence of non-
communicable diseases, such as obesity, diabetes, car-
diovascular diseases, and cancers. Current public health
strategies and individualized care approaches are focused
on preventing and managing disease risks, particularly
emphasizing the role of lifestyle factors—especially diet
and nutrient intake—in the onset and progression of
these diseases [1, 2]. These strategies often operate under
the assumption that a single, standardized dietary rec-
ommendation can be universally applied across all indi-
viduals within a population. However, despite extensive
research linking diet to disease, many dietary interven-
tions produce only modest and limited improvements in
health outcomes. This limitation highlighted the inade-
quacy of “one-size-fits-all” strategies and the necessity of
understanding how individual genetic profiles can influ-
ence metabolism and overall health outcomes [3-6].

Among the nutrients being studied, polyunsaturated
fatty acids (PUFA), especially eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), have received
considerable attention for their benefits in cardiovascu-
lar health, cognitive function, and inflammation manage-
ment [7-9]. The anti-inflammatory properties of EPA
and DHA arise in part from their role as precursors to
specialized pro-resolving mediators, including resolvins,
protectins, and maresins. These bioactive compounds
play a crucial role in resolving inflammation, promot-
ing tissue healing, and restoring homeostasis following
inflammatory responses. The combined percentage levels
of EPA and DHA are represented by the Omega-3 Index,
a biomarker that emerged as an indicator of omega-3 sta-
tus and potential disease risk. Therefore, this biomarker
assesses the omega-3 status of an individual by measur-
ing the incorporation of EPA and DHA into red blood
cell membranes, a process influenced by factors such as
diet, genetics, age, sex, and weight. An increase in the
Omega-3 Index can be achieved through dietary modi-
fications (e.g., increased consumption of oily fish) or sup-
plementation with products containing EPA and DHA
[10]. An Omega-3 Index below 4% is associated with an
increased risk of cardiovascular disease, sudden cardiac
death, inflammation, cognitive dysfunction, depression,
sleep apnea, and diabetes, reflecting a significant defi-
ciency in omega-3 fatty acids. Conversely, maintaining
an Omega-3 Index above 8%, ideally within the range
of 8-12%, is considered optimal, as it correlates with
reduced inflammation and lower risks for these condi-
tions, thereby supporting overall health and well-being
[11, 12].

The complex metabolic pathways responsible for syn-
thesizing and elongating these essential fatty acids are
shared between omega-3 and omega-6 PUFA involving a
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series of desaturation and elongation steps catalyzed by
specific enzymes, such as desaturase FADS1 and elon-
gase ELOVL2. The enzyme encoded by the FADSI gene
is known as A5 desaturase. It specifically catalyzes the
insertion of a double bond at the A-5 position in fatty
acids, playing a crucial role in the biosynthesis of impor-
tant polyunsaturated fatty acids such as AA and EPA.
Likewise, the enzyme encoded by the ELOVL2 gene is
known as ELOVL fatty acid elongase 2 and catalyzes the
elongation PUFA, particularly converting EPA to docosa-
pentaenoic acid (DPA), which can then be further pro-
cessed into DHA [13, 14].

Single nucleotide polymorphisms (SNPs) in the genes
encoding these enzymes may influence the efficiency of
converting precursor fatty acids into their longer-chain,
more biologically active forms and impact the Omega-3
Index, potentially affecting also the inflammatory sta-
tus and disease risk [15]. Among these SNPs, rs174537
in FADSI has been extensively studied and is located
within a gene region identified as a strong genetic proxy
for DNA methylation. Specifically, it is located within a
putative promoter region of the FADS gene cluster, and
the methylation status of this locus can directly influ-
ence gene expression [16]. The relationship between
rs174537 and concentrations of EPA and DHA is often
contradictory. While many studies indicate that individ-
uals carrying the minor T allele at rs174537 have lower
plasma and serum EPA concentrations than those with
the major G allele [17-21], other studies have failed to
observe this association [22-27]. Three independent
studies linked blood DHA concentrations to rs174537.
In a healthy cohort studied by Hilal et al., minor allele
carriers exhibited lower DHA concentrations in plasma
[19]. Conversely, two additional studies involving East
Asian participants with coronary artery disease or type 2
diabetes (T2D) showed that carriers of the minor allele
exhibited higher DHA concentrations compared to those
with the major allele [21, 28]. These inconsistent findings
may be explained by population differences in allele fre-
quencies. Indeed, allele frequencies of the FADSI gene
can vary significantly between different ethnicities, par-
ticularly in relation to genetic variants that influence
the biosynthesis of PUFA. The genetic variations within
FADSI reflect adaptations influenced by dietary patterns
and evolutionary pressures across different human pop-
ulations [29-31]. For example, for rs174537 (G/T), the
allele frequencies in Europeans are G=65% and T =35%,
whereas in East Asians, they are G=43% and T=57% (h
ttps://www.ncbinlm.nih.gov/snp/rs174537, accessed on
11 January 2025). On the other hand, rs953413 is another
extensively studied SNP located in ELOVL2. Variations
in ELOVL2 can lead to differences in enzyme activity,
affecting the composition of long-chain PUFA. Individu-
als with the minor allele (A) exhibited significantly lower
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DHA and higher EPA concentrations in different cohorts
[18, 32].

This genetic variability presents a significant challenge
for standardized dietary recommendations for EPA and
DHA intake, as individuals with different genetic back-
grounds may respond differently to the same supplemen-
tation dose. However, the complex relationship between
FADS1 and ELOVL2 polymorphisms and the response to
fish oil supplementation remains poorly understood [19,
32, 33]. To address this gap, this study aimed to analyze
the relationship between a 4-week supplementation with
fish oil rich in EPA and DHA, measured as the Omega-3
Index in dried blood spots (DBS), and genetic polymor-
phisms in the desaturase enzyme FADS1 (rs174537) and
the elongase enzyme ELOVL2 (rs953413).

Materials and methods

Study design and participants

This study is a quasi-experimental intervention, with pre-
and post-evaluations, of fish oil rich in EPA and DHA
supplementation in healthy Italian individuals. Eighty-six
caucasian volunteers were recruited from Centro Delta
srl, in Apollosa, Benevento (Italy) between January 2021
and February 2021 based on the following inclusion cri-
teria: (I) healthy male and female subjects; (II) age range
of 18-70 years; (III) subjects who have not participated
in similar studies in the last 3 months; (IV) absence of
diagnosis of eating disorders; (V) subjects who have not
regularly taken dietary omega-3 EPA + DHA supplements
for at least 3 months. Exclusion criteria were as follows:
(I) subjects receiving pharmacological therapy, either oral
or topical, such as nonsteroidal anti-inflammatory drugs,
lipoxygenase inhibitors, statins, and anticoagulants, that
directly or indirectly interfere with the biochemical path-
ways of omega-3 supplementation; (II) diagnosis of acute
or chronic conditions, such as cardiovascular disease
(CVD), metabolic syndrome, neurocognitive disorders,
liver disease, cancer, or fish allergy, that may signifi-
cantly alter the parameters under analysis; (III) surgical
interventions in the last thirty days; (IV) chemotherapy,
immunotherapy, or radiotherapy in the previous six
months. Moreover, participants were instructed to avoid
consuming omega-3-rich foods throughout the interven-
tion period. Compliance was checked by asking partici-
pants to return all unused packages of the product. All
included participants were assessed for body mass index
(BMI) and, after venous blood sampling, for blood glu-
cose, total cholesterol, low-density lipoprotein (LDL)
cholesterol, and high-density lipoprotein (HDL) choles-
terol. The study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and was
approved by the institutional review board of the Uni-
versity of Molise (Prot. n. 22/2019-23 September 2019).
The protocol complied with the Consolidated Standards
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of Reporting Trials (CONSORT) guidelines for clinical
trials and was registered on the Open Science Frame-
work https://osf.io/mgwyj/?view_only=147cf3bdf02e426
bb9765c3df603222e (accessed on 3 January 2025). Writt
en informed consent was obtained from all participants
before the study began.

Dietary supplementation

Participants received three times a day for one month
5 ml of a nutraceutical formulation with fish oil contain-
ing 740 mg of EPA and 460 mg of DHA (in triglyceride
form), 14 mg of vitamin E (d-alpha-tocopherol emulsion),
and excipients including lime oil, rosemary oil, soy leci-
thin, and ascorbyl palmitate (Pufagenics Liquido, Meta-
genics Italia, Milan, Italy). Participants were instructed to
consume the fish oil supplement along with meals.

Analysis of fatty acids composition in dried blood spots
The analysis of fatty acids composition in DBS was per-
formed as previously described [34, 35]. Briefly, DBS were
collected by fingerstick. Following disinfection of the vol-
unteer finger and application of the lancet, the first drop
of blood was discarded. Subsequent blood drops were
deposited onto the spot card (BioSample TEN cards, Ahl-
strom, Bérenstein, Germany), which was then air-dried
for 12 h at room temperature in the dark. To prevent
lipid peroxidation, the spot cards were pre-treated with
an antioxidant (butylated hydroxytoluene, BHT). The
DBS cards were stored at 4 °C until further processing.

Sample preparation was performed as previously
described [36]. Briefly, each DBS was placed in a 10-mL
headspace vial with a sealing cap, and 2 mL of BF,-
MeOH reagent (12% w/v) was added. The vials were
sealed and heated at 100 °C for 60 min in a convectional
block heater to achieve direct transesterification of fatty
acids to fatty acid methyl esters. After cooling to 25 °C, 2
mL of n-hexane was added, and the mixture was vortexed
for 1 min, resulting in a transparent n-hexane layer con-
taining the fatty acid methyl esters. The organic layer was
transferred into a fresh 2-mL glass vial, air-dried in the
dark, then redissolved in 400 pL of n-hexane, and subse-
quently injected into the gas chromatography with flame
ionization detection (GC-FID) for analysis. As a control,
five batches of a commercial standard mixture containing
22 fatty acid methyl esters (Nu-Chek-Prep, MN, USA)
were prepared in n-hexane at various concentrations
before GC-FID. The DBS Omega-3 Index, defined as the
percentage of EPA and DHA relative to total fatty acids,
was calculated using the formula: DBS Omega-3 Index =
(EPA + DHA) / Total Fatty Acids x 100.

Genetic profiling
Participants were genotyped for polymorphisms in the
desaturase gene FADSI (rs174537, alleles G-T) and
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elongase gene ELOVL2 (rs953413, alleles G-A). DNA
extractions were performed using the DNeasy Blood &
Tissue Kit (Qiagen, Hilden, Germany) with modifica-
tions based on the method described by Choi et al. [37].
Briefly, DBSs were cut with sterile scissors and placed
into wells of 24-well plates. The samples were rehydrated
in phosphate-buffered saline (PBS) for 3 h to facilitate cell
release from the filter paper. The PBS containing the cells
was then transferred to sterile 1.5 ml microcentrifuge
tubes containing proteinase K and RNase A. One set of
samples underwent an additional incubation at 95 °C for
15 min to enhance extraction efficiency, as recommended
by Choi et al. [37]. Subsequent steps followed the manu-
facturer’s protocol. After extraction, genomic DNA from
each sample was purified using spin columns, washed
with 70% ethanol to remove residual salts, and eluted in
100 pl of sterile milli-Q water. DNA concentration and
purity were assessed using a NanoDrop spectrophotom-
eter (Thermo Scientific, Waltham, MA, USA) by measur-
ing absorbance at 260 nm and calculating the 260/280
and 260/230 ratios to evaluate the quality of the extracted
DNA. High-resolution melt analysis (HRM analysis) was
assessed by a real-time PCR detection system (CFX96
Touch Real-Time PCR Detection System, BioRad, Her-
cules, CA, USA) to quantify the melt curves of product
DNA fragments following PCR amplification according
to the manufacturer protocol (SsoFastTM EvaGreen, Bio-
Rad, Hercules, CA, USA). The following primers (Euro-
fins Scientific, Luxembourg) were used:

Table 1 (A) BMI and metabolic parameters (glycemia, total
cholesterol, LDL cholesterol, and HDL cholesterol) of all the
participants. (B-C) distribution of age and sex within each
genotype group of FADST rs174537 and ELOVL2 rs953413. Data
are expressed as mean +SD and frequency (and percentage, %)
A. Total participants

n 86
BMI 233+13
Glycemia (mg/dl) 8394103
Total cholesterol (mg/dl) 188.5+36.0
LDL cholesterol (mg/dl) 1085+27.8
HDL cholesterol (mg/dl) 583+11.1
B.FADS1rs174537

GG GT+TT
n 49 36
Age 372+11.2 445+14.2
Female (%) 18 (36.7) 15(41.7)
Male (%) 31(633) 21(583)
C.ELOVL2rs953413

GG GA+AA
n 24 59
Age 3894136 404+129
Female (%) 10 (41.7) 22 (37.3)
Male (%) 14 (58.3) 37 (62.7)
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o FADSI (rs174537): forward 5'-
TCGCCCTGCAGAAGAGAC-3, reverse 5'-
GTGCGTCTGTGATGTGGTTT-3.

o ELOVL2 (rs953413): forward 5'-
AAAACGCTAAAGGTCACAAAGC-3; reverse 5'-
TTCTGCCCTTCTTCCACTGT-3.

For the analysis, the genotypes were grouped as fol-
lows: GT+TT vs. GG for rs174537 and GA+AA vs.
GG for rs953413, with GT/TT and GA/AA consid-
ered the minor alleles, respectively. One patient could
not be genotyped for the FADS1 rs174537 polymor-
phism, and three patients could not be genotyped for
the ELOVL2 rs953413 polymorphism. Consequently,
they were excluded from the correlation analyses
between SNPs and fatty acid percentages at baseline and
post-supplementation.

Statistical analysis

Baseline characteristics of the study population, includ-
ing the distribution of the DBS Omega-3 Index, and
the frequency of FADSI and ELOVL2 genotypes, were
described as means, medians, standard deviations, I-III
quartile for continuous, and absolute and relative fre-
quencies for categorical variables.

Post-intervention change from baseline was calculated
for fatty acid composition and DBS Omega-3 Index. A
t-test was used to evaluate the differences in the fatty
acid profile changes between the two genes (FADSI and
ELOVL2 genotypes). The paired t-test was used to com-
pare differences between baseline and endpoint values.
Finally, linear regression models were performed to
assess the association between the two genes (FADSI and
ELOVL2 genotypes) on the delta DBS Omega-3 Index.
All models were adjusted also for gender and age, and
significant differences were established at p<0.05. Since
some analyses involved multiple tests, the p-values were
adjusted with a Benjamini and Hochberg (BH) correc-
tion. All analyses were performed using SPSS Statistics
software version 26.0 (IBM Corp., 139 Armonk, NY,
USA) and R (version 4.3.1).

Results

Participant baseline characteristics

From a total of 94 volunteers enrolled in the study, 86
participants, 53 males (61.6%) and 33 females (38.4%),
met the inclusion and exclusion criteria, completed
the survey, and were analyzed. The mean age was
40.39+12.92 years. Table 1 summarizes the characteris-
tics of the participants, such as body mass index (BMI),
metabolic parameters, and the distribution of age and
sex within each genotype group of FADSI rs174537 and
ELOVL2 rs953413. No patient reported experiencing
adverse events related to the supplementation.



Medoro et al. Lipids in Health and Disease (2025) 24:102

Effects of fish oil rich in EPA and DHA supplementation
on fatty acid changes of dried blood spots.

All the fatty acids profiles before and after 1-month
of supplementation with the omega-3-based nutraceu-
tical formulation were reported in Table 2. Among the
omega-3 fatty acids, a-linolenic acid slightly increased
from 0.23+0.11% to 0.25+0.12% (p<0.001). EPA, n-3
docosapentaenoic, and DHA substantially increased
(p<0.001).

For omega-6 fatty acids, linoleic acid, y-linolenic
acid, and eicosadienoic acid showed a non-significant
increase. In contrast, the percentages levels of dihomo-
y-linolenic acid, AA, and docosatetraenoic acid sig-
nificantly decreased (p=0.013, p<0.001, and p<0.001,
respectively), while the percentage of docosapentaenoic
n-6 acid remained relatively unchanged.

At baseline, the DBS Omega-3 Index is very low in the
studied population (3.14+0.81%) with only 3 volunteers
with a DBS Omega-3 Index >5. Compared with baseline,
a 1-month treatment with the omega-3-based nutraceu-
tical formulation led to a statistically significant increase
in EPA and DHA percentageand the DBS Omega-3 Index
(1.56 £0.90%; p <0.001).

Effects of FADS1 rs174537 and ELOVL2 rs953413 SNPs at
baseline and after fish oil supplementation

The analysis of the FADSI rs174537 polymorphism
compared two groups: 49 individuals with the major
allele (GG) and 36 with the minor allele (GT +TT), as
shown in Table 3. At baseline, no significant differences
were observed between the groups in the percentage of
a-linolenic acid, EPA, DHA, n-3 docosapentaenoic acid,
or linoleic acid. A significant difference was found in
dihomo-y-linolenic acid percentage, which was higher
in the GT+TT group (p=0.028). The DBS Omega-3
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Index was nearly identical between the groups. Post-
supplementation, only eicosadienoic acid showed a sta-
tistically significant difference, with a higher percentage
in GT+TT carriers compared to GG carriers (p=0.027).
No other fatty acids evaluated differ significantly between
the two genotypic groups after supplementation. Simi-
larly, from the analysis of pre- to post-supplementation
differences for the FADSI rs174537 polymorphism, no
significant differences emerged between the major and
minor alleles.

For the ELOVL2 rs953413 polymorphism, partici-
pants were categorized into the GA + AA (n=59) and GG
(n=24) groups. No significant differences were found in
the percentage of a-linolenic acid, EPA, DHA, linoleic
acid, y-linolenic acid, or eicosadienoic acid. However, the
percentages of n-3 docosapentaenoic acid and DHA were
slightly higher in the GA + AA group, although the differ-
ence was not statistically significant. The DBS Omega-3
Index was slightly lower in the GG group, but this dif-
ference did not reach significance (p=0.079). Carriers of
the GA + AA genotype of ELOVL2 rs953413 exhibited a
significantly higher post-supplementation omega-3 fatty
acid percentage compared to those with the GG geno-
type. In particular, EPA was 1.28+0.57% in GA+AA
vs. 0.67+0.35% in GG (p<0.001), docosapentaenoic-n3
acid was 0.85+0.24% vs. 0.67£0.21% (p=0.002), DHA
was 2.82+0.66% vs. 2.33+0.54% (p=0.002), and the
DBS Omega-3 Index was 5.06+1.16% vs. 3.83 + 0.81%
(p<0.001). No statistically significant differences were
observed for the other fatty acids evaluated.

Based on the analysis of pre- to post-supplementation
differences for the ELOVL2 rs953413 polymorphism,
minor-allele carriers showed more pronounced, sta-
tistically significant changes for EPA (p<0.001), doc-
osapentaenoic acid n-3 (p=0.008), DHA (p=0.042),

Table 2 Changes in PUFA percentage after supplementation with EPA- and DHA-rich fish oil. A paired t-test was used for the
comparison. Data are expressed as mean + sd. p-value was adjusted using BH correction

Baseline After Mean difference p-value
supplementation (after supplementation-baseline)

Omega-3 (%)
a-linolenic acid (18:3n3) 0.23+0.11 025+0.12 +0.025+0.05 <0.001
Eicosapentaenoic acid (EPA, 20:5n3) 0.39£0.20 1.09£0.59 +0.70+£0.52 <0.001
n-3 Docosapentaenoic acid (22:5n3) 0.65+0.21 0.80+0.25 +0.15+0.15 <0.001
Docosahexaenoic acid (DHA, 22:6n3) 1.89+0.57 268+067 +0.79+048 <0.001
Omega-6 (%)
Linoleic acid (18:2n6) 20.06+£2.98 20.44£2.58 +0.37+1.90 1
y-linolenic acid (18:3n6) 0.18+0.08 0.21£0.09 +0.04+£0.08 0.065
Eicosadienoic acid (20:2n6) 0.28+0.08 0.30+£0.11 +0.02+0.10 1
Dihomo-y-linolenic acid (20:3n6) 1.29+0.33 1.13+0.24 -0.16+0.30 0.013
Arachidonic acid (AA, 20:4n6) 9.30+1.36 845+1.07 -0.85+£0.94 <0.001
Docosatetraenoic acid (22:4n6) 1.12+041 0.87+0.37 -0.24+0.35 <0.001
n-6 Docosapentaenoic acid (22:5n6) 0.19+0.06 0.20+0.09 +0.01+0.08 1
DBS Omega-3 Index (%) 3.14+0.81 4.69+1.20 +1.56+0.90 <0.001
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Table 3 Baseline and post-supplementation fatty acid profiles (%) stratified by (A) FADST rs174537 and (B) ELOVL2 rs953413 SNPs. A

t-test was used for the comparison between the two groups

A.FADS1rs174537

Baseline Post Mean difference
(after supplementation-baseline)

GG GT+TT p-value GG GT+TT p-value GG GT+TT p-value
n 49 36 49 36 49 36
a-linolenic acid (18:3n3) 024+0.12 021+0.10 0257 0274013 023+009 0.086 +0.03+£005 +0.02+£005 0.164
Eicosapentaenoic acid (EPA, 20:5n3)  038+0.18  041+£023 0493 1.06+054 1.15+064 0484 +068+047 +0.74+059 0.602
Docosapentaenoic-n3 acid (22:5n3)  0.64+0.23  067+020 0429 0.79+026 083+023 0467 +0.15+0.17 +0.15+£0.12 0.949
Docosahexaenoic acid (DHA, 22:6n3) 1.90+0.59 1.86+0.54 0742  270+0.70 265+064 0737 +080+0.51 +0.79+044 0.935
Linoleic acid (18:2n6) 20.15+2.78 1996+3.30 0.774 20.78+263 1998+250 0.159 +063+1.71 +0.02+213 0.144
y-linolenic acid (18:3n6) 016+007 020+009 0082 021+008 022+009 0396 +0.04+0.08 +0.03+0.09 0379
Eicosadienoic acid (20:2n6) 027+005 029+£0.10 0348 028+0.08 033+£0.13 0.027 0.00+0.08 +0.04+0.12 0.085
Dihomo-y-linolenic acid (20:3n6) 1.21+032 137£030 0.028 1.10£021 1.17+£028 0.171 -0.12+£030 -020£0.28 0215
Arachidonic acid (AA, 20:4n6) 955+145 900+1.17 0062  856+1.11 833+101 0330 -099+096 -067+0.89 0.115
Docosatetraenoic acid (22:4n6) 1.14+045 1.08+036 0.536 085+039 090+£034 0621 -028+036 -0.19+£035 0213
Docosapentaenoic-n6 acid (22:5n6)  0.20+0.06 0.19+0.0 0.643 020+£0.09 020+£0.08 0.892 0.00+0.07 +0.01+0.08 0.597
DBS Omega-3 Index 3.13+£084 3.15+080 0.891 467+125 475+£1.15 0779 +155£099 +1.60+£0.79 0.804
B.ELOVL2rs953413

Baseline Post Mean difference

(after supplementation-baseline)

At baseline (%) GG GA+AA p-value GG GA+AA p-value GG GA+AA p-value
n 24 59 24 59 24 59
a-linolenic acid (18:3n3) 021+0.10 023+£0.12 0559 023+0.10 026£0.13 0317 +0.02+0.05 +0.03+005 0317
Eicosapentaenoic acid (EPA, 20:5n3)  0.38+0.22 040+0.19  0.665 067+035 1.28+057 <0.001 +029+023 +089+051 <0.001
Docosapentaenoic-n3 acid (22:5n3)  0.58+0.19  0.67+021 0076  067+021 085+024 0.002 +009+0.12 +0.18+0.15 0.008
Docosahexaenoic acid (DHA, 22:6n3) 1.71+0.52 1.96+056 0.064 233+054 282+066 0.002 +062+029 +0.86+054 0.042
Linoleic acid (18:2n6) 19554294 2038+294 0244  2009+211 20.72+2.72 0313 +054+1.87 +033+1.93 0.655
y-linolenic acid (18:3n6) 0.16+0.06 0.18+0.09 0.184 021+0.08 022+£009 0879 +0.06+0.09 +0.03+0.08 0.227
Eicosadienoic acid (20:2n6) 028+0.07 028+007 0.787 030+0.11  029+£0.10 0.754 +0.02+0.10 +0.01+£0.10 0.881
Dihomo-y-linolenic acid (20:3n6) 1204030 131+£034 0179  1.19+027 1.10+£023 0097 -001+024 -021+031 0.004
Arachidonic acid (AA, 20:4n6) 922+131 9324139 0.779 875+1.16 830+£1.00 0.085 -047+£067 -1.01£1.01 0.019
Docosatetraenoic acid (22:4n6) 1.13+046 1.10£040 0.746 087+041 086+036 0915 -026+£039 -024+034 0.790
Docosapentaenoic-n6 acid (22:5n6)  0.19+0.08 0.19+0.06 0.861 0.19+£0.08 020+0.09 0.561 000+£004 +001+009 0612
DBS Omega-3 Index 289+0.77 323+£080 0.079 3.83+081 506+£1.16 <0.001 +094+049 +183+092 <0.001

dihomo-y-linolenic acid (p=0.004), arachidonic acid
(p=0.019), and the Omega-3 Index (p<0.001). No statis-
tically significant differences were observed for the other
fatty acids.

The results of the linear regression analysis for FADSI
rs174537 and ELOVL2 rs953413 are illustrated in Fig. 1,
showing the changes observed (delta) before and after
one month of fish oil supplementation for the GG group
(major allele) and the combined GT +TT group (minor
allele) adjusted for sex and age for the main fatty acids
investigated (EPA, DHA, AA and DBS Omega-3 Index).
Regarding FADSI rs174537, no statistically significant
differences were observed between the groups for any of
the parameters. Specifically, the difference between the
two groups in the change of EPA percentage was minimal
(0.02+£0.10, p=0.84). Similarly, the GT+TT group did
not exhibit significant differences in the changes for DHA
(-0.03+0.11, p=0.770), and the DBS Omega-3 Index

(-0.004£0.19, p=0.981). A small effect was observed for
AA, where the GT+TT group showed a slight change
(+0.39+0.22), though this was not statistically significant
(p=0.081). Regarding the ELOVL2 rs953413, the GG
group exhibited a lower change in EPA compared to the
GA + AA group (-0.57+0.10, p <0.001). Significant reduc-
tions were also observed in the DBS Omega-3 Index
for the GG group compared to GA+AA (-0.86+0.20,
p<0.001). While the change for DHA was different in the
two groups. In particular, greater change was observed
in the GG group compared to GA+AA (-0.23+0.12,
p=0.053). Regarding the percentage of AA a greater
change was observed in the GG group (+0.55+0.23,
p=0.019) compared to the GA + AA group. Gender and
age did not significantly affect the changes for any of the
parameters analyzed.
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EPA DHA
Variable N | Estimate p Variable N | Estimate p
rs174537_ GG 49 — Reference rs174537_ GG 49 u Reference
GT+TT 33| M- 0.02 (-0.18, 0.21) 0.84 GT+TT 33| -H- -0.03(-0.26,0.19) 0.77
rs953413_ GG 24| M Reference rs953413_ GG 24 [ | Reference
GA+AA 58| | +H|057(0.37,078)  <0.001 GA+AA 58 ‘M- |0.23(-0.00,047) 0.05
sex E 32 I Reference sex F 32 l Reference
M 50| - 0.14 (-0.05, 0.34) 0.14 M 50 ~l~ 0.05(-0.17,0.27)  0.64
Age group 20-29 18 I Reference Age group 20-29 18 l Reference
30-39 30 |-M- -0.13 (-0.38, 0.12) 0.30 30-39 30 |—M-- -0.21(-0.50,0.08) 0.16
40-49 16 + 0.11 (-0.19, 0.40) 0.47 40-49 16 | —M— -0.13 (-0.46,0.21)  0.46
50-59 11| - |0.27(-0.05,0.60) 0.09 50-59 11 + -0.06 (-0.43,0.31) 0.76
>=60 7| —M—|038(-0.00,076)  0.05 >=60 7| —M—]015(-0.29,059) 050
-0200.20406 040200204
AA Omega-3 Index
Variable N | Estimate p Variable N | Estimate P
rs174537_ GG 49 - Reference rs174537_ GG 49 . Reference
GT+TT 33 il | 0.39 (-0.05, 0.82) 0.08 GT+TT 33| - -0.00 (-0.38, 0.37) 1.0
rs953413_ GG 24 [ | Reference rs953413_ GG 24| M Reference
GA+AA 58 | —- -0.55 (-1.01,-0.09)  0.02 GA+AA 58| | -E~|0.86(0.47,125) <0.001
sex E 32 l Reference sex F 32 l Reference
M 50 ~#- | 0.06 (-0.37,0.49) 0.78 M 50 * 0.21(-0.16, 0.57) 0.3
Age group 20-29 18 I Reference Age group 20-29 18 l Reference
30-39 30 —— | 0.19 (-0.37, 0.75) 0.50 30-39 30 [—M -0.34 (-0.82, 0.13) 0.2
40-49 16 + 0.06 (-0.60, 0.71) 0.87 40-49 16| —M— -0.06 (-0.62, 0.49) 08
50-59 11 —8—0.20 (-0.51,0.92) 0.57 50-59 11 + 0.23 (-0.39, 0.84) 05
>=60 7 |—MF— [-029(-1.14,057)  0.51 >=60 7| ~——|0.49(-0.24,1.22) 0.2

1050 05

050 05 1

Fig. 1 Forest plotsillustrating the results of linear regression analyses examining associations of genotype, sex, and age group with changes (delta) in key
fatty acid composition and DBS Omega-3 Index. Forest plots showing the estimated effects of FADST (rs174537) and ELOVL2 (rs953413) genotypes, sex
(F, M), and age groups (20-29, 30-39, 40-49, 50-59, >60) on changes in EPA, DHA, AA, and DBS Omega-3 Index, following supplementation. Reference

groups for each variable are indicated in the legend

Discussion

The metabolism of omega-3 fatty acids, particularly EPA
and DHA, is influenced by enzymes encoded by the FADS
and ELOVL gene families. The FADSI gene encodes A5
desaturase, which is crucial for converting ALA to EPA,
while the ELOVL2 gene encodes an elongase enzyme (i.e.,
ELOVL fatty acid elongase 2) involved in converting EPA
to DHA. Genetic polymorphisms in these genes can lead
to variations in enzyme activity, affecting the percentages
of EPA, DHA, and other related fatty acids. The evalua-
tion of baseline fatty acid percentages in relation to the
FADSI (rs174537) and ELOVL2 (rs953413) genetic vari-
ants found no significant differences in baseline EPA and
DHA percentages between individuals with different
genotypes at these loci. This represents one of the main
findings of the study and highlights the genetic and meta-
bolic complexity of this topic. As expected, individuals
with the minor allele at FADSI rs174537 did not differ
significantly from major allele carriers in their baseline
omega-3 PUFA concentrations, including EPA and

DHA percentages. Indeed, since the fish oil supplement
used primarily contains EPA and DHA, genetic variants
in FADSI are unlikely to influence the effects of dietary
EPA and DHA supplementation, given its role in the bio-
synthesis pathway before EPA and DHA. However, dif-
ferently from our study, previous research has reported
lower baseline EPA and DHA levels in minor allele carri-
ers, although data about EPA levels are often contradic-
tory [17-27].

Although no significant differences in baseline omega-3
percentages were observed between individuals with dif-
ferent genotypes for the ELOVL2 rs953413 polymor-
phism, this SNP demonstrated a more substantial impact.
The carriers of the minor allele (GA + AA) may have more
benefits from the fish oil supplementation in terms of
increasing EPA and DBS Omega-3 Index. Consequently,
the major allele of rs953413 in ELOVL2 is associated with
a less favorable response to EPA and DHA supplementa-
tion, which may influence the balance between omega-3
and omega-6 fatty acids and the inflammatory status.
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The experimental data from our study are in line with
the findings of two previous studies, where carriers of the
minor allele of the ELOVL2 gene (specifically rs953413)
showed a more pronounced benefit from supplementa-
tion with fish oil rich in EPA and DHA. This pattern is
consistent with the results of previous studies, where
minor allele carriers had higher plasma concentrations of
EPA and DHA in plasma after fish oil (especially at high
doses) or EPA supplementation. However, our study did
not find sex-based differences in the response to fish oil
supplementation, which contrasts with the findings of
Metherel et al., in which only female participants showed
a greater increase in DHA percentage. This study also dif-
fered from ours in that it utilized a supplementation regi-
men that exclusively contained EPA. These differences
in supplementation and study design could explain the
absence of sex-related differences in our results, as the
effect of EPA alone might vary compared to a supplemen-
tation of omega-3 [38, 39].

Personalized nutrition, which tailors dietary recom-
mendations based on individual genetic, phenotypic,
and environmental factors, is increasingly recognized as
a key approach to optimizing health outcomes. The dif-
ferential response to fish oil supplementation observed
in this study, influenced by genetic variants, suggests that
uniform dietary guidelines may not adequately address
the needs of diverse populations, underscoring the need
for a more personalized approach [40, 41]. These fatty
acids involve numerous physiological processes, includ-
ing inflammation regulation, cardiovascular health, and
neuroprotection [42]. However, the efficacy of supple-
mentation can vary significantly depending on an indi-
vidual genetic makeup. For instance, individuals with
certain ELOVL2 polymorphisms may need higher doses
of EPA and DHA to achieve the same anti-inflammatory
effects as those without these variants. Moreover, the bal-
ance between omega-3 and omega-6 fatty acids is crucial
for maintaining health, with a lower omega-6 to omega-3
ratio associated with reduced inflammation and a lower
risk of chronic diseases. Genetic variants that affect the
metabolism of these fatty acids can influence this balance,
potentially altering the risk profile for conditions such as
CVD, T2D, and inflammatory disorders [17, 43—-45].

Future studies should investigate the long-term health
outcomes of personalized omega-3 supplementation in
diverse populations. This includes exploring the inter-
actions between genetic variants and other factors such
as diet, lifestyle, and the microbiome, which may also
influence the metabolism and efficacy of EPA and DHA
[46]. Understanding these interactions could lead to
more refined and effective personalized nutrition strate-
gies. Expanding research to include other relevant genes
involved in fatty acid metabolism, such as those encod-
ing enzymes in the f-oxidation pathway, could provide a
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more comprehensive understanding of how genetic fac-
tors influence lipid profiles and health outcomes.

Although this study offers some interesting insights,
it is important to acknowledge its limits. The main limi-
tations include the relatively short duration of omega-3
supplementation, which may not fully capture long-term
metabolic adaptations associated with dietary interven-
tions. However, the one-month period was intentionally
chosen to enhance treatment compliance and accurately
assess the initial incorporation kinetics of omega-3 fatty
acids in relation to FADS1 and ELOVL2 SNPs.

The sample size, while adequate for detecting sig-
nificant differences in certain parameters, may limit the
generalizability of the findings and the ability to identify
more subtle associations. Additionally, the study focused
on specific genetic polymorphisms (FADSI1 rs174537
and ELOVL2 rs953413), which may not account for the
broader genetic variability influencing PUFA metabo-
lism. Finally, another important limitation is the absence
of a prescribed standardized diet and the control of con-
sumed fatty fish or omega-3-rich foods. However, one
of the goals of the study was to assess whether the addi-
tion of omega-3 fatty acids from fish oil to the habitual
diet of participants would influence the outcomes. This
approach is consistent with a free-living population
model and enhances the real-world applicability of our
findings.

In conclusion, this study highlights the critical role of
genetic variability in influencing the response to fish oil
supplementation and underscores the importance of per-
sonalized nutrition. Although baseline differences in fatty
acid percentages between genotypes were not significant,
the findings suggest that genetic factors still play a crucial
role in determining the effectiveness of fish oil supple-
mentation. As our understanding of the genetic deter-
minants of nutrient metabolism grows, it will become
increasingly feasible to tailor dietary recommendations
to individual needs, thereby maximizing the health ben-
efits of supplementation.
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