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Abstract: Obesity is associated with chronic low-grade inflammation. Polyunsaturated fatty acids
such as omega-3 (n-3), are essential in the pro-resolution of inflammation. An 8-week double-blind
randomized clinical trial was conducted with a n-6:n-3, 5:1 ratio, along with daily 1.8 g of n-3
supplementation vs. placebo. A total of 40 subjects were included, 21 in omega 3 group and 19 in
placebo group. The n-3 supplementation had a superior effect compared to placebo increasing levels
of Resolvin D1 [129.3 (-90.1 - 193.5) vs. -16.8 (-237.8 - 92.5) pg/mL, p=0.041], IL-10 [1.4 (-0.7 - 4.6) vs.
-2.0 (-5 - 0.05) pg/mL, p=0.001], and decreasing IL-6 [-0.67 (2.72 - -0.59) vs. 0.03 (-0.59 - 1.84) pg/mL
p=0.015], and MCP-1 [-29.6 (-94.9 - 5.50) vs. 18.3 (-97.3 - 66.35) pg/mL, p=0.040]. In conclusion, n-3
supplementation promoted resolution of inflammation by increasing systemic levels of Resolvin D1,
IL-10, and decreasing IL-6 and MCP-1.
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1. Introduction

Obesity (OB) is characterized by an excessive accumulation of body fat resulting from an
imbalance between daily energy intake and energy expenditure leading to excessive weight. This
condition is a multifactorial disease influenced by some of genetic, cultural, and social factors.
Contributing factors encompass reduced physical activity, insomnia, endocrine disorders,
medication, and an imbalance in macronutrients consumption such as polyunsaturated fatty acids
(PUFAs) omega-6 (n-6) and omega-3 (n-3). OB is associated with numerous comorbid and chronic
medical conditions including an elevated risk of diabetes mellitus type 2, cardiovascular disease,
hypertension, and dyslipidemia [1].

Currently, a low PUFAs intake, accompanied by an imbalance in their n-6:n-3 ratio has been
described [2]. In Mexico, a 12:1 n-6:n-3 ratio has been reported, whereas the recommended adequacy
suggests a consumption ratio no more than 5:1 [3,4]. This imbalance is strongly related with
overweight comorbidities, and may contribute to the chronic low-grade inflammation [2,5].

In the other hand, the inflammatory response functions as a defense mechanism in the innate
immune system to protect the host against detrimental stimuli, however, its activity must be resolved
once the threat diminishes. This self-limiting process is crucial for preserving homeostasis [6].
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Nevertheless, the failure to achieve resolution or continued exposure to environmental and biological
factors that induce inflammatory response activation, can rise a chronic inflammatory process. This
results in the extended presence of immune cells such as lymphocytes, macrophages, and plasma
cells in the adipose tissue, accompanied by the secretion of proinflammatory cytokines [7,8].

Prolonged existence of chronic low-grade inflammation triggers the infiltration of immune cells
and the secretion of inflammatory cytokines within the tissue environment, potentially inhibiting
glucose absorption and altering lipid metabolism [9]. In recent years, attention has been focused on
the investigation of the biological resolution of inflammation initiated by specific biochemical signals
generated through the ingestion of n-3 PUFA. These potent bioactive molecules are collectively
known as specialized pro-resolving mediators (SPMs) that include resolvins (Rv), protectins (PD),
and maresins (MaR) [10]. There are few studies analyzing the anti-inflammatory effects of n-3 PUFAs
in subjects with obesity.

Therefore, the aim of this study was to evaluate the effect of a nutritional intervention with 5:1
(n-6:n-3) PUFAs ratio with supplemented n-3 on anthropometric, biochemical, and pro-resolution
inflammation parameters in adults with obesity.

2. Materials and Methods
2.1. Study Design

A randomized placebo controlled, double-blind parallel clinical trial with 8 weeks of follow-up
was carried out at the Instituto de Nutrigenética y Nutrigendmica Traslacional, between October and
December 2021. This trial was approved by ethics committees of the Centro Universitario de Ciencias
de la Salud, Universidad de Guadalajara (CI-03221). Moreover, this study was registered in
ClinicalTrials.gov (NCT05068557) and carried out according to the Declaration of Helsinki (2013). If
participants agreed, written informed consent was obtained before screening and data collection.

2.2. Study Participants

All participants were recruited through flyers and social media invitations. A virtual screening
process was conducted using electronic forms to assess eligibility. Inclusion criteria included subjects
aged 25 to 50 years with obesity determined by body mass index (BMI) [11] and/or abdominal obesity
according ATP III criteria [12]. Individuals who were pregnant, lactating, taking either omega-3, 6, 9
supplements, or using anti-inflammatory, lipid lowering, hypoglycemic, or antihypertensive
medication, with immunological or neoplastic diseases, a history of cholecystectomy, fish or shellfish
allergies or intolerances, were not included. Those with current COVID-19 diagnosis or within the
previous 30 days, were excluded. A total of 40 Mexican adults with obesity were recruited (Figure 1).
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Figure 1. Flow diagram of subjects included in the study.

2.3. Randomization

The supplement assignment was accomplished using the randomly permuted blocks method to
balance the number of patients assigned to each treatment group [13]. The procedure was conducted
by a researcher who was not involved in the treatment nor follow up of patients and was responsible
for the recording and control of double blinded intervention.

2.4. Intervention

The intervention consisted of a hypocaloric diet, which was the same for both groups, along
supplementation with n-3 or placebo according to the study group.

All the participants underwent interviews with a nutritionist to obtain clinical records and
sociodemographic information. Additionally, the three days dietary record was collected, using food
replicas (Nasco, Fort Atkinson USA) to assist in portion size estimation in accordance with the Sistema
Mexicano de Alimentos Equivalentes [14].

2.4.1. Nutritional Intervention

The nutritional intervention consisted in a caloric reduction of 200 kcal every 4 weeks, based on
the basal estimated caloric expenditure using Mifflin St. equation [15]. A recipes book was developed
by nutritionists, containing 20 days of 3 main meals and 2 snacks that were calculated to maintain a
n-6:n-3 PUFAs ratio of 5:1. Recipes were analyzed using Nutritionist Pro™ software (Axxya Systems,
Woodinville, WA, USA) according to NOM-043, NOM-037, and GPC guidelines [16-18].
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2.4.2. Omega 3 and Placebo Intervention Group

The n-3 supplementation consisted in 3 capsules per day containing 1080 mg of
Eicosapentaenoic acid (EPA) and 720 mg of Docosapentaenoic acid (DHA), meanwhile, placebo
group took 1600 mg of alpha-linolenic acid (ALA). Subjects were instructed to take one capsule with
each main meal in both groups.

2.5. Outcome Measurements
2.5.1. Dietetic Analyses

Data was interpreted using the Nutritionist Pro™ software (Axxya Systems, Woodinville, WA,
USA). The dietary n-3 was calculated by adding the following PUFAs: alpha-linolenic acid (18:3),
stearidonic acid (18:4), eicosapentaenoic acid (20:5), docosapentaenoic acid (22:5), docosahexaenoic
acid (22:6), and the n-6 PUFAs with the sum of linoleic acid (18:2), and arachidonic acid (20:4). The n-
6:n-3 ratio was calculated dividing the n-6 value by the n-3 in grams. The cutoff for the n-6:n-3 PUFAs
ratio was 5:1 [4].

2.5.2. Adherence Analyses

For diet adherence analyses, kilocalories intake and the n-6:n-3 ratio were considered. High
adherence was defined as a consumption + 20% of established kilocalories and a n-6:n-3 ratio <10:1
[19]. High supplementation adherence was defined if >80% of capsules were taken.

When the percentages obtained were considered, >80% was defined as high adherence.

2.5.3. Anthropometric Measurements

Measurements were taken after 8 to 12 hours of fasting, barefoot, with light clothes. Height was
determined using a stadiometer with a precision of 1 mm (Rochester Clinical Research, Inc., New
York, USA). Waist circumference (WC) was measured according to ISAK method using a Lufkin
Executive® (New Brighton, United States) thin line 2 mm measuring tape. Abdominal obesity was
defined when WC was 288cm in women and >102cm in men according to ATP-III [12]. Tetrapolar
body electrical bioimpedance was used to assess body fat percentage (BF%) (InBody 570, Bio space
Co. Seoul, Korea). Besides, BMI was calculated as weight in kilograms divided by height in meters
squared (kg/m?).

2.5.4. Biochemical Measurements

Blood sampling was performed after fasting, then centrifuged at 4 °C for 15 min at 3500 RPM to
obtain serum and plasma, finally, stored at =80 °C for future use. Serum glucose, triglycerides (TG),
total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-c) were determined by dry
chemistry using a Vitros 350 Analyzer (Ortho-Clinical Diagnostics, Johnson & Johnson Services Inc.,
Rochester, NY, USA). Very low-density-lipoprotein cholesterol (VLDL-c) was estimated by dividing
total triglycerides/5, low-density lipoprotein cholesterol (LDL-c) was calculated using the Friedewald
formula as long as TG levels were less than 400 mg/mL [20]. Insulin was determined by a
chemiluminescent immunoassay using a Liaison® (DiaSorin S.p.A., Saluggia (VC), Italy) and insulin
resistance was calculated using the homeostasis model assessment (HOMA-IR = fasting insulin
(uIU/mL) x fasting glucose (mg/dL) /405] [21].

2.5.5. Inflammatory Parameters

The cytokines TNF-a (Catalog A35601), IL-6 (Catalog A35573), MCP-1 (Catalog A35598) and IL-
10 (Catalog A35590), were determined in serum samples using ProQuantum High Sensibility
Immunoassay kits (Invitrogen by Thermo Fisher Scientific, Carlsbad, CA, USA). High-sensitivity C-
reactive protein (hs-CRP) was performed by immunofluorescence using the Getein 1100 equipment,
and plasma Resolvin D1 (RvD1) was quantified with a competitive enzyme-linked immunosorbent
assay (Cayman Chemical. Ann Arbor, Michigan, USA).
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2.6. Statistical Analysis

Sample size was calculated using the OpenEpi v3 software using the mean difference formula
for clinical trials, reference values were obtained from changes in RvD1 levels re-ported in a
population with obesity that received n-3 supplementation [22]. To achieve a statistical power of 80%
and an alpha of 0.05%, a sample size of 19 participants in each study group, was required.

The normality distribution of quantitative variables was assessed using the Shapiro-Wilk test.
Quantitative variables were represented as mean + standard deviation (SD) or as median and
interquartile range (IQR). Qualitative variables were expressed in frequencies and percentages.
Comparative analysis for parametric variables between two independent groups or for related
samples, Student t-test was used, and for non-parametric analyses, Mann-Whitney U test, or
Wilcoxon was used. Repeated measures analysis of variance (ANOVA) or Friedman test was
conducted adjusted by gender as corresponded. To evaluate changes in qualitative variables in the
study groups, McNemar test was used. A p value <0.05 was considered statistically significant. All
statistical analyses were carried out using SPSS v25.0 software (IBM Corp., Armonk, NY, USA).

3. Results

A total of 40 subjects were included in the study, where 21 corresponded to the omega 3 group
(38% (n=8) females, and 62% (n=13) males) and 19 to the placebo group (42% (n=8) females, and 58 %
(n=11) males). At baseline, there were no statistically significant differences between the study
variables among the groups.

Characteristics of Diet and Adherence

The analysis of dietary variables is presented in Table 1 (basaline vs. 8 weeks postintervention).
It was observed a significant increase in n-3 PUFA intake in both groups. In contrast, in the omega-3
group the intake of n-6 PUFA significantly decreased compared to baseline consumption.
Nonetheless, it is important to highlight that the n-6:n-3 ratio intake improved significantly in both
groups, achieving an ideal proportion. Regarding adherence, both study groups exhibited a 60% at

the end of the study.
Table 1. Nutritional variables in the study groups.
Placebo group (n=19) Omega-3 group (n=21)
Variables  Baseline Final A Baseline Final A p! P p
Energy 2138 (1822- 1616 (1271- -548.2 (-822.8— 1928 (1706- 1271 (1046- -358.41 (-1311
. . 964
(kcal) 2324) 1838) -149) 3075) 1713) - 42) 0.038 0.060 0.9
n-3 PUFAs
® 1(0.7-1.6) 2.9 (1.4-4.8) 2.0 (0.62-3.31) 1.2 (0.8-1.9) 1.8 (1.1-4.4)2.0 (0.03-3.41) 0.012 0.023 0.649
n-6 PUFAs 109 (64- 89(7.7- -19(-105- 11.4(8.9- 33 (-5.9- -
(2) 17.4) 11.9) 2.9) 17.1) 6.6 (5.3-7.7) 1.41) 0.307 0.012 0.698
_ . 99(75- -7.0 (-11.0- - -5.6 (-10.9- -
n-6:n-3 ratio 13.1) 3.4(23-5.2) 31) 9(7.6-13.3) 2.8 (1.7-5.2) 412) 0.019 0.003 0.677

Data represented as median and interquartile range. Mann-Whitney U test and Wilcoxon test were used. Values
of p <0.05 were considered statistically significant. A: Final - Baseline, p! value represents the comparison
between final and baseline in the placebo group, p? value denotes the comparison between final and baseline in
the omega-3 group, and p” values are the differences intergroup, Kcal: Kilocalories, g: gram, n-6: n-3 ratio: grams
of omega-6 per 1 gram of omega-3.

Anthropometric and Biochemical Measurements

In Table 2, the results of anthropometric parameters throughout the intervention (baseline, 4
weeks, and 8 weeks) are presented. After the intervention, improvement in weight, BMI, percentage
of body fat, waist circumference (WC), triglycerides (TG), VLDL-c, was observed in both groups.
However, when comparing intergroup, no statistical differences were observed. Moreover,
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prevalence of abdominal obesity significantly decreased 35% in omega-3 group (p=0.016),

meanwhile, in placebo group decreased 5.6% (p=0.978) (Table 3).

Table 2. Anthropometric and biochemical variables in the study groups.

Placebo group (n=19)

Omega 3 group (n=21)

Variables Baseline 4 weeks Final A Baseline 4 weeks Final A pt pr p
Anthropometric
103.0+ 1015+ 100.8+ 96.7 + 923 + -3.76 +
. _ +
Weight (kg) 20.0 195 192 224+34 16.1 93.4+15.4 15.0 35 0.004 0.001 0.157
-1.24 +
BMI (kg/m?) 36.0 +4.7 35.7 +5.135.5+4.9-050 £ 1.3 33.6 3.4 32.9+3.1 32.5+3.0 12 * 0.049*0.001*0.111*
Body fat (%) 44.9 +5.8 44.7 +6.1 43.6 +7.2-1.32+2.441.7+5.1 41.7+5.2 41.1+5.5-1.10+1.8 0.043 0.010 0.752
108.6+ 1074+ 104.6+ 104.2 + 100.9 = -5.03 +
WC (cm) 141 146 133 -3.63+24 118 105 98.7 +11 33 0.001 0.001 0.158
Biochemical
1604+ 1551+ 1602+ -1.05+ 171.1% 163.0 + 1664+ -3.63+
TCmg/mb) 0 353 349 124 266 23.9 315 18 U213 02300629
TGs 1673+ 139.8+ 1465+ -1794+ 1953+ 155.5+ 155.0+ -42.15+
.019*0.003*0.494*
(mg/mL)* 73.3 62.1 65.4 47.3 77.7 63.8 99.5 85.3 0.019%0.00370.49
HDL-c 35.3+£7.134.1+7233.4+65 261+ 35.3+6.4 335+74 33.1+8.0 252 0.090 0.050 0.953
(mg/mL) 471 4.0
LDL-c 91.7 + 93.1+ 979 + 97.3 + 1022+ 715+
(mg/mL) 047 5.8 5.2 5.38+16.0 21.0 98.2+21.4 270 178 0.346 0.216 0.754
VLDL- 33.5+ 27.8 + 293 + 39.0+ 30.8 + -8.57 + " " N
c(mg/mL)* 14.6 125 13.0 3.55+9.4 155 31.1+12.7 19.9 17.0 0.014*0.005*0.369
Glucose 96.4 + 97.8 + 1.89 +
4.0+9.495.1+7298.3+9.64.27 +9.27 .0+9.1 154 0.272 0.534
(mg/mL) 94.0+£9.495.1+7.2983+9.6 +9 10.8 95.0+9 10.7 133 0.154 0 0.53

Data presented as mean + standard deviation, analyzed by repeated measures ANOVA (adjusted by gender),
and t test (p?). *Friedman test, 'Mann-Whitney U test, p values <0.05 considered statistically significant, A: Final
- Baseline, p! represents the comparison between final and baseline in placebo group, p? denotes the comparison
between final and baseline in the omega-3 group, and p* are the differences intergroup. BMI: Body mass index,
WC: Waist circumference, TC: total cholesterol, HDL-c: High-density lipoprotein cholesterol, LDL-c: Low-
density lipoprotein cholesterol, VLDL-c: Very-low-density lipoprotein cholesterol.

Table 3. Prevalence of abdominal obesity in study groups.

Baseline (%) Final (%) p value
Placebo group
(n=19) 88.9 83.3 0.978
Omega-3 group
(n=21) 95 60 0.016

Data represented as percentages, McNemar test, p < 0.05, statistically significant.

Regarding fasting insulin and HOMA index, an improvement was observed in both groups,
however, no differences were found between groups. In placebo group, the basal insulin was 19.2 +
9.3 uIU/mL vs. 155 + 8.2 ulU/mL final (p=0.040). Likewise, in the omega- 3 group, a significant
decrease in insulin was observed (20.0 = 11.4 vs. 14.8 = 11.4 ulU/mL, p=0.025). On the other hand,
basal HOMA index, in the omega-3 group was 4.8 + 2.8 vs. 3.5 + 2.4 final (p=0.076), and in placebo
group was 4.4 +2.1vs. 3.62 + 1.9 (p=0.122).

Inflammation Resolution Parameters

After intervention, TNF-a, IL-6, and MCP-1 decrease in the omega-3 group, while IL-10 and
RvD1 increased. Besides, in the placebo group, a decrease in TNF-a was also observed. Moreover, in
intergroup analysis IL-6, IL-10, and RvD1, remained statistically significant (Table 4).
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Table 4. Inflammatory variables in the study groups.

Placebo group (n=19) Omega-3 group (n=21)
Variables Baseline Final A Baseline Final A p! p? A
Inflammatory
TNEF- 0.07 (0.05-  -1.85 (-4.52- - 0.07 (0.04- -1.82(-5.74- -
a(pg/mL) 0.52 (0.4-0.8) 011) 071) 0.61 (0.4-1.6) 017) 0.59) 0.002 0.001 0.745
-0.67 (-2.72- -
IL-6 (pg/mL) 2.9 (0.9-7.8) 4.7(0.6-7.7) 0.03(-0.59-1.84) 2.3 (0.7-6.4) 2.0 (0.3-4.4) 0.01) 0.407 0.010 0.015
hs-CRP -0.5 (-3.07-
(mg/L) 3.4(2.7-57) 27(2.7-6.6) -0.7(-1.30-0.30) 4.5(2.0-10.1) 2.4(1.5-8.2) 0.87) 0.296 0.271 0.603
IL-10 (pg/mL) 5.9 (3.8-8.0) 4.58 (3.3-5.1) -2.0(-5.0-0.05) 5.3 (4.5-7.2) 7.02 (4.3-12.1) 1.4(-0.7-4.6) 0.081 0.035 0.001
MCP-1 -29.6(-94.9-
(pg/mL) 233 (204-337) 277 (234-313) 18.3 (-97.3-66.35) 266 (215-295) 235 (174-274) 5.50) 0.758 0.040 0.064
443.3 (358- -16.8 (-237.8- 129.3 (-90.1-
RvD1 (pg/mL) 545) 403 (264-567) 92.50) 466 (392-563) 562 (473-779) 193.5) 0.586 0.048 0.041

Data are presented as median and interquartile range, Mann-Whitney U test and Wilcoxon test. Values of p <0.05
considered statistically significant. A: Final - Baseline, p! value represents the comparison between final and
baseline in the placebo group, p? value denotes the comparison between final and baseline in the omega-3 group,
and p* values are the differences intergroup. TNF-a: Tumor Necrosis Factor Alpha, IL-6: Interleukin 6, hs-CRP:
High-Sensitivity C-Reactive Protein, IL-10: Interleukin 10, MCP-1: Monocyte Chemoattractant Protein 1, RvD1:
Resolvin D1.

4. Discussion

It has been shown that supplementation with n-3 PUFAs have an important role in the treatment
of obesity, as they have a favorable impact on chronic low-grade inflammation. However,
controversial results persist among different populations, particularly regarding the duration and
consumption quantity [23]. The aim of this study was to assess the effect of a nutritional intervention
with average ratio of 5:1 (n-6:n-3) supplemented with n-3, on anthropometric, biochemical, and pro-
resolution of inflammation parameters in adults with obesity [19].

Given the crucial role of patients adherence in this kind of interventional projects, WHO's
recommendations for chronic diseases treatments, suggests to achieve at least 50% [24], which agree
with findings in this study due to 60% of adherence was found in both groups, however, more
motivational strategies should be use in further studies with satisfaction surveys that leads to
improving treatment.

Regarding baseline analysis of three dietary records, all subjects showed an inadequate
consumption of n-6:n-3 PUFAs ratio which agree with other studies in Mexican population with
obesity [3,25,26] showing an imbalance associated with higher adipose tissue percentage, WC, and
higher levels of triglycerides, glucose, and insulin [3]. Additionally, it contributes to chronic low-
grade inflammation in obesity by activating inflammatory pathways and interfering with the
synthesis of lipid mediators in pro-resolution inflammation, such as resolvins [10].

In this study, both groups significantly increased n-3 intake and achieved a dietary n-6:n-3
consumption ratio of <5:1 at the end of the intervention. However, it is noteworthy that the omega-3
group exhibited statistically lower n-6 dietary intake compared to the placebo group. These findings
could be related with better metabolic profile and pro-resolution inflammation mediators exposed
above.

Analysis of anthropometric variables showed intragroup improvements in weight, body fat
percentage, BMI, and waist circumference; however, when comparing these variables between
groups, no statistically significant differences were found. We hypothesize that these results could be
attributed to the implementation of the same dietary recommendations in the recipes book provided.

Nevertheless, prevalence of abdominal obesity significantly decreased 35% in omega-3 group
compared to 5.6% in placebo group. These findings are consistent with meta-analyses that found a
relationship between n-3 intake of animal source with better anthropometric measures [27,28].
However, the impact of these PUFAs on body composition has been controversial with WC reported
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as the anthropometric variable related to obesity that has the most significant impact after n-3
supplementation [28].

Among the biochemical variables, some lipid profile components had an improvement, such as
triglycerides and VLDL-c. This could be explained by a mechanism in which n-3 PUFAs act as ligands
for peroxisome proliferator-activated receptor alpha (PPAR-a), a transcription factor that promotes
the expression of genes involved in (3-oxidation of fatty acids [29,30], decreasing VLDL-c levels. The
VLDL-c is responsible for endogenous transport of triglycerides from the liver to peripheral tissues,
including visceral, mainly in the abdominal region [31]. On the other hand, no effects were observed
on HDL-c and total cholesterol, consistent findings with a meta-analysis by Harrys et al., where
triglycerides and VLDL-c significantly decreased while HDL-c and total cholesterol were not altered
after 7 to 10 weeks of n-3 PUFA supplementation [32]. Nevertheless, other factors may be involved,
such as physical activity and genetic factors related to HDL-c concentrations [33].

Regarding fasting insulin, it was observed improvements, independently of groups, following
the intervention, which may be attributable to the same dietary regimen and the favorable impact of
an adequate diet on insulin levels [34]. Furthermore, the HOMA index consistently displayed
improved parameters in the omega-3 group throughout the intervention, indicating a beneficial
effect. The correlation between omega-3 fatty acids and the free fatty acid receptor 4 (FFAR4)
elucidates the potential mechanisms underlying the observed effects on glucose metabolism and
insulin levels. Activation of FFAR4 by omega-3 fatty acids has been associated with enhancements in
insulin sensitivity and glucose homeostasis [35,36]. Nevertheless, literature reports inconclusive n-3
effects on these variables in humans [37] might be due glucose homeostasis is influenced by other
factors beyond n-3 intake, such as lifestyle, physical activity, body fat percentage, among others
[34,37,38]. Given this complexity, further clinical trials with longer time, are necessary, as our
intervention lasted only 8 weeks and that the activation of FFAR4 can be evaluated.

Other metabolic consequences of obesity associated with the imbalance of n-6:n-3 PUFA ratio
intake, is the maintenance of chronic low-grade inflammation affecting pro-resolution inflammation
processes mainly in adipose tissue [39,40]. Studies in vitro and clinical trials, have demonstrated that
n-3 PUFAs, particularly EPA and DHA, decrease the number of resident macrophages in adipose
tissue and crown-like structures characteristic of the M1 phenotype. In addition to the decrease in
levels of MCP-1, a chemotactic protein with a key role in the initiation, development, and
perpetuation of chronic low-grade inflammation in obesity [41,42], consistent with the findings of
this study, where MCP-1 levels were lower in the omega-3 group both intragroup and compared
between groups at the end of the intervention.

Similarly, IL-6 concentrations were lower in the omega 3 group both intra and intergroups at the
end of the intervention, consistent with the study of Milutinivic et al., who evaluated the effect of n-
3 supplementation (2.4 g/day) for 8 weeks on inflammatory markers, highlighting a statistically
significant decrease of IL-6 [43]. Moreover, a meta-analysis published in 2021 by Wei Y. et al,,
including 31 studies between 2003 and 2019, aimed to study the effect of inflammatory markers and
the n-6:n-3 PUFA ratio consumption in various inflammatory etiology diseases, emphasizing obesity
and associated comorbidities. Omega-3 supplementation has been associated with the modulation of
inflammation through the nuclear factor kB (NF-«kB) pathway. Research indicates that omega-3 fatty
acids can influence markers of inflammation by inhibiting the production of pro-inflammatory
cytokines and regulating the NF-«kB signaling pathway [44]. As in this study, they concluded that
systemic levels of IL-6 and TNF-a were lower in subjects with lower n-6:n-3 consumption ratio as has
been documented in the literature [45].

Regarding RvD1, which belongs to the family of lipid pro-resolution inflammation mediators,
increased significantly compared to baseline in omega-3 group along with IL-10. This supports the
hypothesis proposed in this study, as RvD1 is synthesized from DHA metabolism [10,46,47], and the
omega-3 group had a higher total consumption compared to placebo group. Additionally, it has been
reported that RvD1 promotes the synthesis of IL-10 [48] which agrees with a study by Polus et al.,
included 59 women with obesity provided with dietary guidelines and supplementation with 1.8
g/day of n-3 for 12 weeks. In proportion, they observed 58% of increase in RvD1 plasma levels, and
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an in-crease in IL-10, compared to baseline in n-3 supplemented group. Although our results are
consistent, the higher increased in Polus et al. study may be due to the longer intervention (12 vs. 8
weeks) [22]. This finding suggests that the chronicity of n-3 consumption favors the incorporation of
these PUFAs into the cellular membranes phospholipids [4], and as a result, the enhancement of the
RvD1 synthesis involved in inflammation resolution processes by reducing the activation of the NF-
kB-mediated cascade, leading to reported decreases of TNF-a, IL-6, MCP-1, and increase IL-10
[46,49,50].

Perspectives of this study, are to increase the intervention time including more sub-jects, analyze
more inflammatory and pro-resolution molecules with others methodologies such as
chromatographic, to allow us to corroborate data and elucidate cellular mechanisms where n-6:n-3
PUFA ratio is involved.

Moreover it is necessary that health professionals and governmental programs, pro-mote an
adequate consumption of n-6:n-3 PUFA ratio intake due to their association with obesity and related
disorders where a chronic low-grade inflammation is present.

5. Conclusions

After intervention, improvement in weight, BMI, percentage of body fat, waist circumference,
triglycerides, VLDL-c, insulin and TNFa, were observed in both groups.

Nevertheless, the omega-3 supplemented group had improved resolution of inflammation by
increasing systemic concentrations of resolvin D1, IL-10, and decreasing IL-6 and MCP-1; and the
prevalence of abdominal obesity significantly decreased 35% in omega 3 group, meanwhile, in
placebo group decreased only 5.6%.
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