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Abstract: Current Dietary Guidelines for Americans recommend replacing saturated fat (SFA) intake
with polyunsaturated fatty acids (PUFAs) and monosaturated fatty acids (MUFAs) but do not specify
the type of PUFAs, which consist of two functionally distinct classes: omega-6 (n-6) and omega-3 (n-3)
PUFAs. Given that modern Western diets are already rich in n-6 PUFAs and the risk of chronic disease
remains high today, we hypothesized that increased intake of n-3 PUFAs, rather than n-6 PUFAs,
would be a beneficial intervention against obesity and related liver diseases caused by high-fat diets.
To test this hypothesis, we fed C57BL/6J mice with a high-fat diet (HF) for 10 weeks to induce obesity,
then divided the obese mice into three groups and continued feeding for another 10 weeks with
one of the following three diets: HF, HF+n-6 (substituted half of SFA with n-6 PUFAs), and HF+n-3
(substituted half of SFA with n-3 PUFAs), followed by assessment of body weight, fat mass, insulin
sensitivity, hepatic pathology, and lipogenesis. Interestingly, we found that the HF+n-6 group, like
the HF group, had a continuous increase in body weight and fat mass, while the HF+n-3 group
had a significant decrease in body weight and fat mass, although all groups had the same calorie
intake. Accordingly, insulin resistance and fatty liver pathology (steatosis and fat levels) were evident
in the HF+n-6 and HF groups but barely seen in the HF+n-3 group. Furthermore, the expression
of lipogenesis-related genes in the liver was upregulated in the HF+n-6 group but downregulated
in the HF+n-3 group. Our findings demonstrate that n-6 PUFAs and n-3 PUFAs have differential
effects on obesity and fatty liver disease and highlight the importance of increasing n-3 PUFAs and
reducing n-6 PUFAs (balancing the n-6/n-3 ratio) in clinical interventions and dietary guidelines for
the management of obesity and related diseases.

Keywords: obesity; omega-3 fatty acids; omega-6 fatty acids; n-6/n-3 fatty acid ratio; non-alcoholic
fatty liver disease; lipogenesis

1. Introduction

Fat is a macronutrient that provides energy and regulates many biological pathways
in the human body [1]. Fatty acids can be classified into saturated fatty acids (SFAs),
monosaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs). PUFAs,
including omega-6 (n-6) and omega-3 (n-3), are essential nutrients and key modulators of
diverse biological processes and cell membrane properties [2,3]. Currently, the 2020 Dietary
Guidelines for Americans recommend limiting SFAs intake to less than 10% total energy
intake and replacing SFAs with PUFAs and MUFAs [4]. However, these guidelines do not
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clearly state what types of PUFAs should be consumed and the quantities of PUFAs that
should be consumed.

Omega-6 (n-6) and omega-3 (n-3) PUFAs exhibit distinct metabolic and functional
characteristics. They compete for the same enzymes for biosynthesis and metabolism and
have opposing effects on many physiological and pathological processes—including inflam-
mation, gut microbiota, energy metabolism, insulin sensitivity, and lipogenesis—which
underlie the development of many chronic diseases [5–10]. For example, n-6 PUFAs gener-
ally promote inflammation, whereas n-3 PUFAs have anti-inflammatory properties through
multiple mechanisms [11–13].

Contemporary farming practices, marked by a reliance on grain-based diets, have
contributed to a rise in overall SFAs and the presence of n-6 PUFAs, such as linoleic
and arachidonic acids. These n-6 PUFAs are notably abundant in vegetable oils like
corn oil, sunflower seed oil, soybean oil, and safflower oil, and in livestock raised on
grain-based diets. Over the last century, factors such as the industrial revolution, the
ascendancy of agribusiness focused on processed foods, the feeding of livestock with
grains, and the hydrogenation of vegetable fats have collectively diminished the levels of
n-3 PUFAs while concurrently elevating the levels of n-6 PUFAs [5,14,15]. In the United
States, the consumption of n-6 linoleic acid has more than doubled over the past century [5].
Consequently, modern diets in many countries are deficient in n-3 PUFAs and have too
many n-6 PUFAs, resulting in a high n-6/n-3 PUFA ratio. According to some estimates, the
typical Western diet has an n-6/n-3 ratio ranging from 10:1 to 20:1, which is much higher
than the recommended ratio of 4:1 or lower for optimal health [5].

The increase in the n-6/n-3 PUFAs ratio corresponds with a notable rise in the preva-
lence of conditions such as overweight, obesity, diabetes, and cancer [16]. Numerous
observational studies have demonstrated a link between higher n-6/n-3 ratios and an ele-
vated risk of obesity and metabolic syndrome [16]. Consistent findings from various animal
studies, including those involving trials with n-3 PUFA supplements and the transgenic
fat-1 mouse model, suggest that n-3 PUFAs have preventive effects against obesity and
other metabolic disorders [12,16]. In addition, some studies have assessed the efficacy of
incorporating n-3 PUFAs into a high-fat diet (HF) midway through the study to reverse
diet-induced weight gain and associated metabolic alterations [12]. However, the results
from these interventional studies are varied, with some not showing that n-3 PUFAs can re-
verse obesity [12,17,18]. Taken together, it is important to note that prior research primarily
focused on the preventive effects of n-3 PUFAs on obesity, often administering supplemen-
tation concurrently with the initiation of an HF diet. Nevertheless, the therapeutic potential
of both n-3 and n-6 PUFAs to reverse existing obesity and non-alcoholic fatty liver disease
(NAFLD) remains to be investigated.

Our hypothesis posits that supplementing mice with obesity and NAFLD with n-3
PUFAs can lead to a substantial improvement or reversal of their health conditions, whereas
supplementation with n-6 PUFAs may have no positive effects or could potentially result in
adverse outcomes. This study aims to investigate and delineate the distinct impacts of n-6
and n-3 PUFAs on obesity and NAFLD, offering crucial insights for clinical interventions
and the formulation of dietary guidelines.

2. Results
2.1. The Differential Effects of a High-Fat Diet Rich in n-6 PUFAs or n-3 PUFAs on Obesity

To investigate the interventional effect of different dietary PUFAs on obesity, male
C57BL/6J mice were first fed a high-fat diet (45% kcal from fat, HF) for 10 weeks, and
then divided into three groups and continued feeding for another 10 weeks with one
of the following three high-fat diets (Figure 1A): HF, HF+n-6 (substituting half of SFA
with n-6 PUFAs), and HF+n-3 (substituting half of SFA with n-3 PUFAs) (Supplementary
Tables S1 and S2). The calories from protein (20% kcal), carbohydrates (35% kcal), and fat
(45% kcal) were designed to be equal in each diet. The n-6/n-3 PUFA ratios of these three
diets were 10:1, 20:1, and 0.3:1 in HF, HF+n-6, and HF+n-3, respectively (Supplementary
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Tables S1 and S2). After 10 weeks of dietary intervention, mice fed HF+n-6 and HF contin-
ued to gain weight, while mice fed HF+n-3 showed significant weight loss (Figure 1B). We
noticed HF+n-3 mice had dramatic weight loss in week 12, but the cumulative food intake
did not exhibit a significant difference between HF and HF+n-3 groups. Consistently, fat
mass (total and BW normalized) in the HF+n-3 group was significantly reduced relative
to that of the HF and HF+n-6 groups (Figure 1C,D). Although the total lean mass seemed
to be higher in the HF+n-6 group (Figure 1E), after adjusting their corresponding body
weight, HF+n-3 mice had more lean mass than the mice in the HF and HF+n-6 groups
(Figure 1F). Noticeably, although the HF+n-6 and HF+n-3 diets contained the same number
of calories and the same level of PUFAs, they exhibited opposite effects on body weight
gain after a 10-week dietary intervention (i.e., HF+n-6 with a high n-6/n-3 ratio increased
body weight gain whereas HF+n-3 with a low n-6/n-3 ratio reduced body weight).
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Figure 1. The differential effects of a high-fat diet rich in n-6 PUFAs or n-3 PUFAs on obesity. To
investigate the interventional effect of different dietary PUFAs on obesity, male C57BL/6J mice
were first fed a high-fat diet (45% kcal from fat, HF) for 10 weeks, and then divided into three
groups and continued feeding for another 10 weeks with one of the following three diets: HF, HF+n-6
(substituting half of SFA with n-6 PUFAs), and HF+n-3 (substituting half of SFA with n-3 PUFAs). One
group of mice, as controls, were continually fed the HF for another 10 weeks. (A) The experimental
designs. (B) Body weight of mice before and after 10 weeks of intervention. (C) Total fat mass.
(D) Relative fat mass to body weight. (E) Total lean mass. (F) Relative lean mass to body weight. Data
shown are the mean or mean ± S.E.M (n = 6–7/group). * p < 0.05 HF+n-3 compared to HF, # p < 0.05
HF+n-3 compared to HF+n-6, $ p < 0.05 All high-fat diet feed groups compared to C, the different
letter indicates significant difference.

2.2. The Differential Effects of High-Fat Diet Rich in n-6 PUFAs or n-3 PUFAs on
Glucose Homeostasis

To understand whether glucose metabolism is altered by the dietary PUFA interven-
tions, we performed a glucose tolerance test (GTT) and insulin tolerance test (ITT) when
the mice had been switched to the intervention diets for 8 weeks. All groups fed with high
fat (HF, HF+n-6, HF+n-3) had hyperglycemia characterized by impaired glucose tolerance
compared to the C group (Figure 2A,B). The responses to glucose load at each time point
and area under curve (AUC) which was calculated based on the plot of GTT were similar
among these HF groups (Figure 2A,B). However, the fasting blood glucose level was lower
in the HF+n-3 group (104.4 ± 4.2 mg/dL) compared to HF- (117.0 ± 6.5 mg/dL) and
HF+n-6 (113.8 ± 6.2 mg/dL)-fed mice, but the difference did not reach statistical signifi-
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cance. Interestingly, ITT results showed that the HF+n-3 group had a much more sensitive
response to insulin action compared to the HF+n-6 and HF groups, especially at 15 min
and 60 min following insulin administration (Figure 2C). The AUC calculated based on
the plot of ITT was also significantly less in the HF+n-3 group than in the HF+n-6 and
HF groups (Figure 2D). In summary, although the HF+n-3 intervention did not improve
hyperglycemia, it could significantly alleviate HF-induced insulin resistance, while the
HF+n-6 diet did not have such a beneficial effect on insulin sensitivity.
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Figure 2. The differential effects of a high-fat diet rich in n-6 PUFAs or n-3 PUFAs on glucose
homeostasis. The glucose tolerance test (GTT) and insulin tolerance test (ITT) were conducted after
the mice had been switched to intervention diets for 8 weeks. (A) The levels of glucose at different
time points during GTT. (B) The area under the curve is calculated according to the plot of GTT.
(C) The levels of glucose at different time points during ITT. (D) The area under the curve is calculated
according to the plot of ITT. Values represent mean ± S.E.M. Error bars represent S.E.M., and different
letters indicate significant difference. * p < 0.05, ** p < 0.01, represents significant difference between
HF+n-3 and HF.

2.3. The Differential Effects of a High-Fat Diet Rich in n-6 PUFAs or n-3 PUFAs on the
Hepatic Pathology

After 10 weeks of dietary interventions, the hepatic fatty acid profile exhibited marked
difference among the four diet groups with an n-6/n-3 ratio of 2.2, 4.5, 7.5, and 0.6 for C, HF,
HF+n-6, and HF+n-3, respectively (Supplementary Table S4). To explore the impacts of the
diets with different PUFAs on the development of NAFLD, we examined the histological
changes and lipid content in the livers of the animals treated with the diets. Histological
examination showed focal inflammation, focal necrosis, and lipid accumulation in hepato-
cytes from the mice fed with HF and HF+n-6, compared to the control mice on a low-fat
diet (Figure 3A). Strikingly, these pathological changes were almost totally reversed by the
n-3 PUFA intervention (HF+n-3) (Figure 3A). Analysis of hepatic lipid content showed that
the HF+n-3 group exhibited lower levels of total lipid and TG in the liver than the HF+n-6
and HF groups (Figure 3B,C). In addition, the HF+n-3 group had signific lower liver weight
compared with the HF+n-6 group (Figure 3D). Collectively, the n-3 PUFA intervention (low
dietary ratio of n-6/n-3 PUFAs) could restore HF-induced excess lipid accumulation and
inflammation in the liver.
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Figure 3. The differential effects of a high-fat diet rich in n-6 PUFAs or n-3 PUFAs on the hepatic
pathology. To explore the impacts of diets with different PUFAs on the development of non-alcoholic
fatty liver, the histological changes and lipid content in the livers of mice were examined. (A) Hema-
toxylin and eosin (H&E) staining of liver sections. Scale bar = 10 µm. (B) Total lipid content per
milligram of liver tissue. (C) Total TG per milligram of liver tissue. (D) Liver weight. Values represent
mean ± S.E.M. Error bars represent S.E.M., and different letters indicate significant difference. A
significant difference was defined as p < 0.05.

2.4. The Differential Effects of High-Fat Diet Rich in n-6 PUFAs or n-3 PUFAs on mRNA Levels of
Lipogenic Enzymes in the Liver

As increased de novo lipogenesis is a major contributor to obesity and excessive lipid
accumulation in the liver (a prominent abnormality in NAFLD) [19], we next analyzed
several molecular targets related to de novo lipogenesis. In general, ATP citrate lyase
(ATP-CL) bridges glucose metabolism and fatty acid biosynthesis by generating acetyl-
CoA, and sequentially, acetyl-CoA is metabolized to malonyl-CoA as well as fatty acids
such palmitate (C16:0) through acetyl-CoA carboxylase (Acc), fatty acid synthase (Fas), and
stearoyl-CoA desaturase 1 (Scd-1). These genes are transcriptionally activated by sterol
regulatory element-binding protein 1c (Srebp1c). In the present study, we found that hepatic
mRNA levels of Acc, Fas, Scd-1, and Srebp1c were upregulated in mice fed with the HF+n-6
diet but downregulated in the HF+n-3 group (Figure 4A–D).
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Figure 4. The differential effects of a high-fat diet rich in n-6 PUFAs or n-3 PUFAs on mRNA levels
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3. Discussion

Obesity is a major public health issue that has become increasingly prevalent world-
wide [20]. According to the World Health Organization, more than 650 million adults
worldwide were obese in 2016, and the prevalence of obesity has tripled since 1975 [21].
Obesity is a complex condition that involves an imbalance between energy intake and
expenditure, leading to an excess accumulation of adipose tissue. This excess adipose tissue
can have a negative impact on various physiological systems, including the cardiovascular,
respiratory, and endocrine systems [22]. Moreover, obesity is associated with an increased
risk of developing several chronic diseases, including type 2 diabetes, cardiovascular dis-
ease, and NAFLD [23,24]. NAFLD, which is tightly linked to obesity, is on the rise in
incidence across the United States and is currently estimated to affect 25% of the American
population, with annual direct medical costs of approximately $103 billion [25]. Current
treatment options for obesity and NAFLD include lifestyle modifications, such as diet
and exercise, and pharmacological interventions, but these approaches often have limited
effectiveness and can be associated with side effects [26,27]. Omega-3 PUFAs have been pro-
posed as a potential therapeutic option due to their anti-inflammatory and lipid-lowering
effects [28–30].

The present study was designed to address whether n-3 PUFAs or n-6 PUFAs supple-
mentation has an interventional effect on obesity and associated fatty liver. Our results
showed that after 10 weeks of dietary interventions (shift of HF to HF+n-3 or HF+n-6), the
HF+n-3 diet could significantly reduce body weight and fat mass of obese mice previously
maintained on HF whereas the HF+n-6 diet failed to do so, rather, it further increased body
weight of the obese mice. These findings support previous studies reporting a beneficial
effect of n-3 PUFAs on body weight and adiposity [31–38]. Moreover, the HF+n-3 diet also
led to a significant reduction in liver weight and hepatic lipid accumulation compared to
the HF and HF+n-6 diets. Thus, our study demonstrates an effective interventional role
for n-3 PUFAs in the management of obesity and associated fatty liver and clarifies the
differential biological effects of n-6 PUFAs and n-3 PUFAs. On this basis, we recommend



Int. J. Mol. Sci. 2023, 24, 17261 7 of 11

that any dietary guidelines or health policies regarding PUFAs should specify the type of
PUFA (n-6 or n-3) to ensure their benefits and avoid adverse effects.

Interestingly, our findings also suggest that the n-6/n-3 PUFA ratio may play a role
in the development of obesity and NAFLD. Both HF+n-6 and HF+n-3 diets had the same
calorie, total PUFA level, and fat content, but different n-6/n-3 PUFA ratios (20:1 and 0.3:1,
respectively). The striking difference between HF+n-6 (with a high n-6/n-3 ratio) and
HF+n-3 (with a low n-6/n-3 ratio) in their effects on body weight and liver fat content
supports the notion that the n-6/n-3 PUFA ratio plays a role in the development of metabolic
disorders [7,16].

Most previous studies primarily focused on the preventive effects of n-3 PUFAs on
obesity, where supplementation occurred concurrently with the initiation of a high-fat
(HF) diet. In contrast, our study was designed to assess the therapeutic effectiveness of
n-3 PUFAs by examining their impact on the reversal of obesity. This represents a unique
angle in the field. We are aware of studies, such as the one by Huang et al., that explored
therapeutic effects [18], but our approach differs in key aspects. For instance, while Huang’s
study used a 60% fat diet and had a 6-week intervention period, we employed a 45% fat
diet and extended our intervention to 10 weeks. Moreover, our focus on liver lipogenic
gene expression distinguishes our work from studies concentrating on brain neuropeptide
gene expression.

A significant innovation in our study lies in the simultaneous examination of the
therapeutic effects of n-6 and n-3 PUFAs within the same experiment to address their
differential effects. To the best of our knowledge, this comprehensive approach has not
been previously reported. Furthermore, the use of a 45% high-fat diet in our obese model
aligns more closely with human physiology, enhancing the translational relevance of
our findings.

One of the potential mechanisms by which n-3 PUFAs exert their beneficial effects
observed in this study is by modulating de novo lipogenesis, as the HF+n-3 diet could
significantly reduce the abundance of transcripts of genes involved in de novo lipogenesis,
which is a key determinant of excessive fat accumulation in adipose tissues and the liver
(Figures 4 and 5). One limitation of the study is that we solely focused on gene expression
analysis. Future investigations are warranted to delve into how different diets impact
the protein levels of these lipogenic enzymes. Certainly, many other mechanisms may be
involved as shown previously by various studies [12].
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Figure 5. Proposed model of the differential effect of a high-fat diet rich in n-6 PUFAs or n-3 PUFAs on
fatty liver and obesity. Schematic model showing proposed mechanism underlying how high-fat diets
with different n-6/n-3 ratios differently regulate the development of non-alcoholic fatty liver disease
and obesity. SREBP1c: sterol regulatory element-binding transcription factor 1, SCD-1: stearoyl-CoA
desaturase 1, FAS: fatty acid synthase, and ACC: acetyl-CoA carboxylase.
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The typical Western diet is characterized by a high n-6/n-3 ratio, which has been
implicated in the development of obesity and related metabolic disorders [16]. Previous
research has shown that reducing the n-6/n-3 ratio by increasing the consumption of n-3
fatty acids and/or reducing the intake of n-6 fatty acids can improve insulin sensitivity,
decrease inflammation, and reduce the risk of developing NAFLD [39]. Our study provides
further evidence to support the notion that a balanced n-6/n-3 ratio may be important for
maintaining metabolic health. It is worth noting that the optimal n-6/n-3 ratio is still a
matter of debate and may vary depending on individual characteristics such as genetics
and lifestyle factors. Future research is needed to clarify the optimal n-6/n-3 ratio for
preventing or treating metabolic disorders.

4. Materials and Methods
4.1. Diets

All three HF diets had identical contents of carbohydrates, protein, fiber, and micronu-
trients, and equal calories from macronutrients (20% derived from protein, 35% derived
from carbohydrates, and 45% derived from fat). The fatty acid profile of each HF was
analyzed by gas chromatography. The HF+n-6 and HF+n-3 diets had equal PUFA content
(56% of total fat), and a similar amount of saturated and monounsaturated fatty acids
(approximately 40% of total fat). The HF+n-6 diet contained 53.3% n-6 PUFAs primarily
from soybean oil and safflower oil, while the HF+n-3 diet contained 43.8% n-3 PUFAs
mainly from fish oil. These two HF+PUFA diets differed by the ratio of n-6/n-3 (HF+n-6,
20:1 vs. HF+n-3, 0.3:1). Chow diet (Labdiet, St. Louis, MO, USA) which contained 16%
calories from fat was used as a low-fat control. The diet formula, fat composition, and fatty
acid profile of the high-fat diets are listed in Supplementary Tables S1–S3, respectively.

4.2. Animals

Male 8-week-old C57BL/6J mice (Charles River Laboratory, Wilmington, MA, USA)
were fed with a high-fat diet (HF, D12492, Research Diets Inc., New Brunswick, NJ, USA)
or chow diet as low-fat control (C group). After 10 weeks, the C group continued feeding
with the chow diet, and HF-fed mice were randomly distributed to 3 groups (n = 6–7) and
fed with one of the following three diets for another 10 weeks: HF, HF+n-6, and HF+n-3.
Detailed information on the experimental scheme is described in Figure 1A. Weekly records
were maintained for body weight and food intake throughout the experiment. Upon
completion of the study, mice underwent a 12 h fasting period before being euthanized to
obtain liver tissues and blood samples. The Institutional Animal Care and Use Committee
(IACUC) for Massachusetts General Hospital (MGH), represented by the Sub-committee
on Research Animal Care (SRAC), thoroughly reviewed and approved all experimental
procedures outlined in this study.

4.3. Body Composition

Body composition, encompassing lean tissue, fat, and body fluid, was assessed using
the Bruker Minispec Live Mice (Bruker Optics Inc., Billerica, MA, USA). The methodology
for this measurement has been detailed previously [40].

4.4. Glucose Tolerance Test (GTT) and Insulin Tolerance Test (ITT)

GTT and ITT were performed in the 8th week after the diet switch, and the procedures
were described previously [41]. In summary, an intraperitoneal glucose tolerance test (GTT)
involved the injection of 0.75 g of glucose per kg in mice following a 12 h fast. The insulin
tolerance test (ITT) was performed continuously, with mice receiving an injection of 0.75 U
of insulin per kg after a 6 h fasting period.

4.5. Semi-Quantitative PCR Analysis

Total mRNAs from cells/tissues were extracted with TRIzol® (Invitrogen, Grand
Island, NY, USA). The cDNA was synthesized by iScriptTM system (Bio-Rad, Hercules, CA,
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USA), and reverse transcription reaction was performed using a PTC-100 programmable
thermal controller (MJ Research Inc., Waltham, MA, USA). A real-time PCR was performed
using an iTaqTM universal STBR® Green Supermix (Bio-Rad, Hercules, CA, USA) in an
Mx3005P qPCR thermocycler (Agilent Technologies, Santa Clara, CA, USA). All values
were normalized by GAPDH expression and further analyzed using the ∆∆CT method. The
sequences of primers used in semi-quantitative PCR are listed in Supplementary Table S5.

4.6. Histology

The liver tissues were collected and fixed in 4% paraformaldehyde-PBS. The paraffin
embedding and hematoxylin and eosin (H&E) staining were performed by pathology
core in MGH. The slices were observed using an ECLIPSE E600 microscope (Micro Video
Instruments Inc., Avon, MA, USA) at 100× and 400× magnification.

4.7. Hepatic Triglyceride Measurement

The liver was collected after 12 h fasting and triglyceride was measured following the man-
ufacturer’s instruction (Triglyceride Colorimetric Assay Kit, Cayman, Ann Arbor, MI, USA).

4.8. Fatty Acid Profile

The liver or diet pellets were homogenized under liquid nitrogen and the lipid was
extracted using 2:1 chloroform and methanol at 4 ◦C overnight. The weight of lipid
content was measured after the samples were dried under nitrogen. The lipid fraction
was further methylated by adding 1:1 of hexane and 14% boron trifluoride/methanol and
heated at 100 ◦C for an hour. Fatty acid methyl esters were analyzed using an automated
6890N Network Gas Chromatograph equipped with a flame-ionization detector (Agilent
Technologies, Palo Alto, CA, USA). Individual fatty acid was determined by retention time
compared to a reference standard GLC461 (NuChek Prep., Elysian, MN, USA).

4.9. Statistical Analysis

Data are expressed as mean ± SEM for the number of replicates indicated. Statistical
analysis was performed using one-way ANOVA followed by Fisher’s Least Significance Dif-
ference test, as appropriate (Prism 9 software, GraphPad, Boston, MA, USA). A significant
difference was defined as p < 0.05.

5. Conclusions

Our study demonstrates the differential effects of n-6 PUFAs and n-3 PUFAs on body
weight control for obesity, provides evidence for an interventional or therapeutic role
for n-3 PUFAs in the management of obesity and associated fatty liver, and highlights
the importance of a balanced n-6/n-3 PUFA ratio in the prevention and treatment of
metabolic diseases. Thus, the information generated by our study may be valuable for
the implementation of clinical interventions and the development of dietary guidelines to
improve public health.
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