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ABSTRACT

We hypothesize whether omega-3 (n-3) polyunsaturated fatty acids (PUFA) supplementation may improve
the lipid metabolism and inflammatory biomarkers in heart failure (HF) patients undergoing exercise training.
Sixteen male patients, who were participating in a physical cardiac rehabilitation program, ingested 4.8 g of fish oil
daily (2.51 g of eicosapentaenoic and docosahexaenoic acids) for 60 days. Blood samples were collected at baseline
and after 60 days of n-3 PUFA supplementation for analysis. The paired Student t-test was applied to detect
differences (p < 0.05). The n-3 PUFA significantly reduced the levels of triglyceride (28.9%), small dense LDL-
cholesterol (16.2%), non-HDL-cholesterol (9.0%), and TNF-o (17.8%) after 60 days (p < 0.05). Furthermore, the
transfer of cholesteryl-ester to HDL increased by 23.1% (p < 0.05). In summary, the n-3 PUFA supplementation
improved the lipid metabolism and low-grade systemic inflammation in HF patients submitted to exercise training,

which may lower the risk of cardiovascular events.
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INTRODUCTION

Heart failure (HF) is considered the final pathway
of several cardiovascular diseases (CVD), contributing
substantially to public health costs worldwide (Bocchi, et
al 2012, World Health Statistics 2008.). HF is
characterized by an imbalance in the cardiovascular
system, associated with complex hemodynamic,
anatomical, functional and biological changes, which
gradually compromises the heart contractile and/or
relaxation functionality (Balakuma and Jagadeesh 2010).
Guidelines for cardiac rehabilitation have recommended
supervised exercise programs for CVD patients as a non-
pharmacological approach which also improves the
inflammatory and lipid profiles, decreases morbidity and
mortality rates and reduces re-hospitalization rates (Bocchi
et al 2012, Piepoli et al 2011, Goble and Worcester 1999).
In HF, exercise training has been considered as an
effective non-pharmacological treatment to improve the
life quality of the patients and the outcomes and reduce
mortality (Bocchi, et al 2012, Piepoli, et al 2011). Several
mechanisms have been described for these effects,
including regression of atherosclerosis lesion in monkeys
(Kramsch, et al 1981), which was likely achieved by
improving various clinical parameters involved in CVD,

i.e.,, by ameliorating dyslipidemia, reducing vascular
inflammation, adiposity, endothelial dysfunction and blood
pressure, and increasing insulin sensitivity (Kramsch, et al
1981, Lavie, et al 2009). Although standard training
programs are safe and cost-effective, cardiac rehabilitation
is not recommended by all physicians and is still
underused in some countries (Guimardes, et al 2010,
Dorosz, 2009).

In addition to exercise training, supplementation
with omega-3 (n-3) polyunsaturated fatty acids (PUFA)
has also been of potential interest as a therapy for HF
patients. A considerable amount of evidence supports the
potential benefits of n-3 PUFA in patients with HF
(Tavazzi, et al 2004, Dijkstra, et al 2009, Mozaffarian, et al
2005, Yamagishi, et al 2008, Tavazzi, et al 2008, Duda, et
al 2009). In the GISSI-HF study, 6975 patients with class
I1-1V chronic heart failure were randomized to 1 g per day
of n-3 PUFA or matching placebo (Tavazzi, et al 2008).
Overall mortality was significantly reduced (7%) and death
or admission to hospital for a cardiovascular event was
also reduced in the subjects treated with n-3 PUFA. In
general, 56 patients treated over 3.9 years were required to
avoid one death (Tavazzi, et al 2008). The mechanisms
implicated in such benefits are complex and not well
defined. However, several pathways have been identified,
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including improvement of the serum lipid profile (Duda, et
al 2009), regulation of gene expression involved in the
myocardial fatty acid uptake and metabolism (Neschen, et
al 2006), elevation of plasma levels of adiponectin and
reduction of cytokines (Itoh, et al 2007, Berg, et al 2005),
and remodeling and improvement of cardiac function and
cardiac cachexia (Mehra, et al 2006). Given these benefits,
the American Heart Association recommends n-3 PUFA
supplementation ~ for  secondary  prevention  of
cardiovascular events in coronary subjects (Smith, et al
2006).

Improvement of lipid and lipoprotein metabolism
has also been considered for primary and secondary
prevention of CVD. In reverse cholesterol transport, part
of the cholesteryl-ester (CE) in the high-density lipoprotein
(HDL) may be taken up directly by the liver or transferred
to other lipoproteins through the action of the cholesteryl-
ester transfer protein (CETP). This protein mediates the
transfer of triglyceride (TG) from chylomicrons and very
low-density lipoprotein (VLDL) to HDL and CE from
HDL particles to TG-rich lipoproteins. The phospholipid
transfer of TG-rich lipoproteins to HDL occurs through the
action of the phospholipid transfer protein (Rader and
Hovingh, 2014). CETP plays a fundamental role in the
indirect pathway of reverse cholesterol transport. On the
other hand, in metabolic disorders resulting in
hypertriglyceridemia, including CVD, an increased plasma
pool of TG-rich lipoproteins increases the final transfer of
triglyceride to low-density lipoprotein (LDL) and HDL by
CETP, temporarily forming LDL and HDL enriched in
triglyceride (Bays, 2004). Hepatic lipase hydrolyses the
triglyceride of these lipoproteins resulting in small dense
LDL (sd-LDL) and small dense HDL particles. The sd-
LDL is more atherogenic than the larger buoyant LDL
particles, while the small dense HDL is eliminated by the
kidneys, promoting a decrease in the levels of HDL-
cholesterol (HDL-C) in the blood plasma (Bays, 2004).

In this context, exercise programs and some non-
pharmacological approaches, including n-3 PUFA
supplementation, have been independently explored in
order to control and minimize the risk of cardiovascular
events in patients with heart disease such as HF. However,
to the best of our knowledge, the beneficial effects of n-3
PUFA have not been investigated in HF patients
undergoing  complete medical  treatment, i.e,
pharmacological therapy and exercise training. Therefore,
herein, we  hypothesize ~ whether n-3  PUFA
supplementation could promote additional improvement of
serum lipid metabolism and decrease inflammatory
biomarkers in HF patients participating in cardiac physical
exercise program and who have stable plasma biochemical
parameters. The primary end points were absolute or
percentage change in serum lipid parameters, including
LDL-cholesterol ~ (LDL-C), non-HDL-C, HDL-C,
triglyceride and sd-LDL-cholesterol (sd-LDL-C) levels
and in vitro transfer of lipids to HDL particles, and
changes in serum levels of the inflammatory biomarkers
ultrasensitive C-reactive protein (us-CRP), interleukin
(IL)-1B, IL-1, IL-6, IL-10, monocyte chemotactic protein-1
(MCP-1), vascular endothelial growth factor (VEGF), and
tumor necrosis factor-alpha (TNF-a).

METHODS

SUBJECTS

Sixteen eligible volunteers (men) with a clinical
diagnosis of ischemic, hypertensive or idiopathic heart
failure and enrolled in the Cardiopulmonary Rehabilitation
Program of the State University of Santa Catarina,
Florianopolis-SC, Brazil, for at least 3 months (McKelvie
et al, 2002), participated in the study. Prior to n-3 PUFA
supplementation, HF patients were evaluated over 30 days
for baseline monitoring of the serum biochemical
parameters. After this period, HF patients consumed four
capsules of fish oil (Fish Oil Double Strength® —Nature’s
Bounty, Bohemia, NY, USA) daily, totalizing 2.51 g of
docosahexaenoic acid and eicosapentaenoic acid in a ratio
of 1.0:1.83, over 60 days. Compliance with n-3 PUFA
supplementation was measured weekly during the study.
All HF subjects performed supervised exercise three times
a week at the same intensity and frequency throughout the
study. Activity sessions were comprised of 10 min of
warm-up articulation and stretching, 40 min of continuous
aerobic exercise and finally 5 min of relaxation and
stretching. The exercise intensities were previously
determined by a cardiopulmonary exercise test, according
to the heart rate equivalent to the anaerobic threshold.
During the sessions, the heart rate was controlled by a
RS800 heart rate monitor (Polar-Kempele, Finland) in
order to ensure that the patient was within his training
target zone.

At baseline (0 day) and after 30 and 60 days of n-
3 PUFA supplementation, blood samples were collected
for biochemical analysis. In addition to blood collections,
anthropometric data collection, clinical evaluation, a check
of compliance, and dietary intake assessment through 3-
day food reports were also performed. The study was
conducted according to the Declaration of Helsinki
principles and all participants read and signed informed
consent forms before any study procedures were
performed. The study protocol was approved by the
appropriate committee of the Federal University of Santa
Catarina (number 05977212.4.0000.0121).

Heart failure was diagnosed by ejection fraction
<55% (Bocchi, et al 2012), and the recruited patients were
classified as functional class Il or Il (Williams, et al
1995). Exclusion criteria were patients who were unstable,
undergoing medication adjustments, smokers, suffering
from untreated hypertension, kidney, thyroid or liver
diseases or suffering from cancer, as well as patients using
anti-inflammatory medications or dietary supplements
containing n-3 fatty acids, vitamins or minerals.

LABORATORY METHODS

Blood samples were collected after 12 h overnight
fasting in tubes without additives for serum isolation by
centrifugation (750 x g, 10 min). Total cholesterol and
triglyceride were determined by routine enzymatic
methods (Allain, et al 1974, Bucolo and David 1973) using
Labtest reagents (Lagoa Santa-MG, Brazil). HDL-
cholesterol (HDL-C) was measured by homogeneous
reagent (Sugiuchi, et al 1995) and the LDL-C was
estimated according to the Friedewald formula for
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triglyceride levels < 4.52 mmol/L (Friedewald, et al 1972).
For samples which were found to contain levels of
triglyceride > 4.52 mmol/L, LDL-C was directly measured
by the homogeneous LDL-C method (Labest — Lagoa
Santa-MG, Brazil) (Sugiuchi, et al 1998). In order to
minimize the variation, the direct LDL-C method was used
for all serum samples of the patients who had triglyceride
> 4.52 mmol/L, i.e., samples collected before and after n-3
PUFA treatment. The lipid analysis was carried out in
automated equipment (Cobas-Mira Plus — Roche, Basel,
Switzerland). Non HDL-C was calculated as the difference
between total cholesterol and HDL-C. The concentrations
of IL-1B, IL-1, IL-6, IL-10, MCP-1, VEGF, and TNF-a
were determined by the Luminex® 200 method
(XMAPtechnology, Austin, Texas, USA), using the
commercial kit HCYTOMAG-08-60K (MilliplexMap,
Millipore, Missouri, USA) (Codices, et al 2013), according
to the manufacturer’s instructions, and the us-CRP was
measured by immunonephelometry (DadeBehring BNII
nephelometer, Siemens Healthcare Diagnostics, Deerfield,
Illinois, USA) (Rifai, et al 1995).

MEASUREMENT OF SD-LDL-CHOLESTEROL

The sd-LDL-C was determined using the
homogeneous LDL-C reagent (Labest — Lagoa Santa-MG,
Brazil) after selective precipitation of the other
apolipoprotein B-containing lipoproteins, including the
large buoyant LDL particles, with heparin and magnesium,
according to the procedure described previously by Hirano
et al. (2003) and modified by Cavalcante and Silva (2012).
Briefly, serum samples (0.1 mL) were vortex mixed (30 s)
with 150 IU/mL heparin-sodium and 90 mmol/L
magnesium chloride (0.1 mL) and incubated at 37 °C for
10 min. The samples were kept in an ice bath for 15 min
and the tubes were then centrifuged (9,500 x g, 15 min, 4
°C). The supernatant containing the sd-LDL and HDL
particles was collected and sd-LDL-C was directly and
selectively measured by the homogeneous method for
LDL-C, according to the manufacturer’s instructions.
Serum samples containing triglyceride levels > 3.39
mmol/L were diluted by a factor of 1.2 with 100 mmol/L
phosphate buffer pH 8.5 (Cavalcante and Silva, 2012) and
the sd-LDL was isolated and measured as described above.

LIPID TRANSFER FROM LDL-LIKE
NANOEMULSION TO HDL IN VITRO

The in vitro assay of the simultaneous transfer of
radioactively-labeled phospholipid (PL), triglyceride (TG),
free cholesterol (FC), and cholesteryl-ester (CE) from an
artificial nanoemulsion to the HDL plasma fraction was
performed as described by LoPrete et al (2009). Briefly,
the donor lipid nanoemulsions containing *H- cholesteryl
oleate and **C-phosphatidy! choline or *H-triolein and **C-
cholesterol were incubated with whole plasma in an orbital
shaker (Gyromax™ 70GR, Amerex, Lafayette, CA) for 1
h. After chemical precipitation of the nanoemulsion and
the apolipoprotein B-lipoprotein fractions using 0.2%
dextran sulfate and 0.3 mol/L (v/v) magnesium chloride,
the supernatant containing the HDL fraction was subjected
to radioactivity counting in a scintillation solution using a
Packard 1600 TR model Liquid Scintillation Analyzer
(Palo Alto, CA). The percentage radioactivity of each lipid

(TG, CE, FC, and PL) transferred from the nanoemulsions
to HDL was then estimated.

STATISTICAL ANALYSIS

Quantitative data were expressed as the mean and
standard deviation (SD), while categorical data were
expressed as absolute and relative frequency. Data
normality was tested using the Kolmogorov-Smirnov test.
For variables that presented Gaussian distribution (directly
or after logarithmic transformation), the differences
promoted by n-3 PUFA supplementation were detected by
applying the paired Student’s t-test. For variables that
presented a non-Gaussian distribution, the Wilcoxon test
was used. The Pearson’s correlation was considered to
verify an association between serum levels of triglyceride
at baseline and after n-3 PUFA supplementation. A two-
tailed p value < 0.05 was considered statistically
significant. All calculations were performed using
SigmaPlot 12.0 (Systat Software Inc. (SSI), San Jose,
California, USA). This study is registered with Universal
Trial Number (UTN) U1111-1139-2673286.

RESULTS

SUBJECT CHARACTERISTICS

Eighteen subjects were recruited to participate in
the study but two patients did not complete the
intervention period for personal reasons and were excluded
from the study. Thus, 16 male volunteers with HF
effectively participated in the intervention trial. All
patients followed the experimental protocol and adverse
effects of n-3 PUFA consumption were not reported. The
clinical features and biodemographic characteristics of the
participants are given in Table 1. The daily energy and
nutrient intake estimated from the 3-day food record did
not differ after each period (results not shown).

LABORATORY DATA FOR SERUM ANALYSIS
Two measurements of the serum biochemical
parameters taken 30 days apart confirmed the stability of
the parameters (coefficient of variations < 10%; data not
shown) prior to the n-3 PUFA supplementation, as has
been previously described for HF patients undergoing
physical exercise training (McKelvie, et al 2002,
Belardinelli, et al 1999). Compared to the baseline value (0
day), the n-3 PUFA supplementation promoted significant
reductions in the triglyceride levels of 28.9% after 60 days
of supplementation (Table 2). The decrease in triglyceride
was dependent on the serum baseline levels of triglyceride.
Figure 1 shows a slight, but significant, inverse correlation
between the baseline triglyceride levels and the percentage
of change due to n-3 PUFA supplementation (r = -0.60; p
= 0.01; Pearson correlation). Moreover, the non-HDL-C
fraction reduced by 9.0% (p < 0.05) after 60 days of
supplementation. The sd-LDL-C levels decreased by
14.6% and 16.2% (p < 0.05) after 30 and 60 days of
supplementation, respectively. We also observed a
significant decrease of 20% in the relative amount of sd-
LDL-C in relation to the total LDL-C (baseline: 74.4% vs.
30 or 60 days supplementation: 59.5%; p < 0.05) (Table 2).
Considering the inflammatory parameters analyzed, only
serum levels of TNF-a reduced significantly by 17.8% (p <
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0.05) after 60 days of n-3 PUFA supplementation (Table
3).

Table 1- Physical and clinical characteristics of the
heart failure patients at baseline®

Age (years) 58.8+1.2
Body mass index (kg/m?) 29.9+1.1
Waist circumference (cm) 98.9+3.0
Smoking habit, n (%) 1 (6.2%)

Ex-smokers, n (%) 9 (56.2%)
Hypertension, n (%) 15 (93.7%)
Type 2 diabetes mellitus, n (%) 3 (18.7%)
Familial history of CVD, n (%) 14 (87.5%)

®Values are means = SD (n = 16). CVD = Cardiovascular disease.

Table 2 - Serum lipid parameters of the heart failure

patients before and after n-3 fatty acids
supplementation?
Cholesterol Baseline Study time
(mmol/L) 30 days 60 days
Total 4.45 £ 0.80 452+1.1 4,23 +0.82
(1.6%) (-4.9%)
HDL 0.91+0.16 0.94+£0.14 0.92+0.14
(3.3%) (1.1%)
LDL 2.66 + 0.57 2.84+0.84 2.79 £ 0.65
(6.8%) (4.9%)
sd-LDL 1.98 £ 0.52 1.69+£0.78* | 1.66+0.67*
(-14.6%) (-16.2%)
Non-HDL | 354+0.71 | 3.64+105 3.22+0.76*
(2.2%) (-9.0%)
Triglycerid 2.04+£1.19 181+1.18 1.45 + 0.56*
e (mmol/L) (-11.3%) (-28.9%)

®Values are means = SD (n=16). Numbers in bracket represent
variations in relation to baseline values. *p < 0.05, compared
with respective baseline values (paired Student’s t-test).

Table 3 - Serum inflammatory biomarkers of the heart
failure patients before and after n-3 fatty acids
supplementation®

Baseline Study time
30 days 60 days
PCR-us (mg/L) 1.3+07 1.1+£09 1.0+£1.0
(-15.3%) (-23.1%)
TNF-o 129+7.1 11.7+538 10.6 £ 6.7*
(pg/mL)
(-9.8%) (-17.8%)
IL-10 (pg/mL) 48+9.7 22+09 45+8.1
(-54.1%) (-6.2%)
IL-1B (pg/mL) 1,76 £0.2 1.11+£0.2 0.74+0.2
(-36.9%) (-57.9%)
IL-4 (pg/mL) 1.91+04 136 £0.4 1.53+0.4
(-28.7%) (-19.8%)
IL-6 (pg/mL) 3.71+0.5 252+0.5 2.81+0.5
(-32.0%) (-24.2%)
VEGF (pg/mL) | 126.9+62.1 | 128.2+66.1 | 128.3+65.5
(1.0%) (1.1%)

®alues are means + SD (n=16). Numbers in brackets
represent variations in relation to baseline values. TNF-a =
tumor necrosis factor alpha, us-PCR = ultra sensitivity C-
reactive protein, IL = interleukin, VEGF = vascular
endothelial growth factor. *p < 0.05, compared to

respective baseline values (paired Student’s t-test).

Table 4 - Transfer of labeled lipids to HDL particle
before and after n-3 fatty acids supplementation in
heart failure patients?

Baseline Study time
30 days 60 days
*H-CE (%) 1.3+0.1 1.8+0.1** | 1.6+0.1*
“C-PL (%) 22.2+0.2 22.9+0.3 22.1+0.4
*H-TG (%) 3.1+0.2 34+0.1 3.240.2
“C-FC (%) 40+0.2 39+0.2 36+0.2

®alues are means + SD (n=16). CE = Cholesteryl-ester,
PL = Phospholipids, TG = Triglyceride, FC = Free
cholesterol. *p < 0.05 and **p < 0.001, compared with
respective baseline values (paired Student’s t- test).

LIPID TRANSFER

After n-3 PUFA supplementation, 38.4% and
23.1% increases were seen in the transfer of CE from the
lipidic nanoemulsion to HDL particles after 30 (p < 0.001)
and 60 days (p < 0.05) of supplementation, respectively.
The transfer of triglyceride, phospholipid and free
cholesterol did not change, as shown in Table 4.

20
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Fig. 1 — Pearson’s correlation between variation in
serum triglyceride concentration after 60 days of n-3
fatty acids supplementation and baseline serum
triglyceride levels in heart failure subjects on physical
exercise program (n = 16).

Discussion

Dyslipidemia and low-grade inflammation are
considered important predictors for the development of
secondary events in patients with HF (Bocchi, et al 2012,
Piepoli, et al 2011, Goble and Worcester, 1999). In the
current intervention trial, we found that n-3 PUFA
supplementation over 8 weeks significantly decreased the
plasma levels of triglyceride, sd-LDL-C and TNF-a and
increased the CE transfer to HDL in HF patients
undertaking exercise training and statin therapy, whose
plasma biochemical parameters were stable. Based on
these results, we may accept the hypothesis that n-3 fatty
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acids supplementation improves the lipid metabolism and
low-grade inflammation in HF patients undergoing
complete medical treatment, i.e., pharmacological therapy
and exercise training. The n-3 PUFA supplementation
decreased the triglyceride values after 30 and 60 days.
Furthermore, the baseline triglyceride levels were a partial,
but significant, determinant of the response to n-3 PUFA
supplementation. In HF patients with low baseline
triglyceride values (average of 1 mmol/L), the n-3 PUFA
supplementation had little effect in terms of the final
triglyceride reduction (4.5%), while for HF subjects with
elevated triglyceride values (average of 4.5 mmol/L) the
same n-3 PUFA dose caused a much greater effect
(average of 54.2% triglyceride reduction). These results
are consistent with findings described by Balk et al (2006)
in other populations.

It has been shown that physical exercise can
improve the lipid parameters in HF patients through
mechanisms which are not well defined (Lavie, et al 2009).
In this study, it was not clear whether accumulated effects
of exercise with n-3 PUFA supplement occurred or if
specific biochemical mechanisms for the effects of n-3
PUFA were acting in HF patients undergoing exercise
training and pharmacological therapy. Therefore, common
n-3 PUFA mechanisms previously described elsewhere
were considered to explain our findings. N-3 fatty acids
may reduce serum triglyceride by modulating the nuclear
receptors, peroxisome proliferator-activated receptor alpha
and gamma (PPAR-o and PPAR-y), and the sterol
regulatory element-binding transcription factor 1c, which
control the expression of enzymes involved in the
triglyceride metabolism, stimulating hepatic beta-oxidation
and insulin sensitivity, and inhibiting the synthesis of
lipids (Duda, et al 2009, Jacobson, 2008, Jacobson, et al
2012). Other proposed mechanisms are the inhibition of
the enzymes diacylglycerol acyltransferase  and
phosphohydrolases 1 and 2, resulting in reduced VLDL
synthesis and secretion (Jacobson, 2008), and the elevation
of triglyceride clearance from plasma through increased
activity of lipase lipoprotein, explained in part by PPAR
activation, transforming VLDL into larger, buoyant LDL
particles, which are less atherogenic (Smith, et al 2006,
Jacobson, et al 2012). In the study reported herein we
observed a significant reduction in the sd-LDL-C levels
after 30 and 60 days of n-3 PUFA supplementation. This
decrease was not accompanied by a reduction in LDL-C,
which indicates an increase in the number of larger,
buoyant LDL particles representing a shift to a less
atherogenic pattern (Kelley, et al 2007). The mechanisms
by which n-3 fatty acids modulate the LDL particle size
are still unclear. Triglycerides are the main determinants of
the LDL and HDL particle size, partly due to the exchange
of triglyceride to CE mediated by CETP (Rader and
Hovingh, 2014). In this regard, we speculate that reduced
plasma levels of triglyceride due to n-3 PUFA
supplementation provided low triglyceride transfer to LDL
and HDL by CETP, thus decreasing the formation of LDL
enriched with triglyceride and consequently the number of
sd-LDL particles formed after triglyceride hydrolysis by
hepatic lipase. The decreased plasma triglyceride
concentrations after n-3 PUFA supplementation may have

also been responsible for the increased CE transfer to
HDL. The transfer of CE to HDL via CETP is an essential
metabolic step for reverse cholesterol transport in which
cholesterol ~ from  peripheral  tissues, including
atherosclerotic lesions, is carried back to the liver and
excreted in the bile (Rader, et al 2014). Therefore, it can be
proposed that as more CE is transferred to HDL particles
more CE will be excreted by the liver. The absence of
increased serum levels of HDL-C supports such an
effective transfer of cholesterol from HDL to the liver.
Overall, these results suggest that reverse cholesterol
transport was improved by n-3 PUFA supplementation in
HF patients undergoing exercise training and
pharmacological therapy.

Heart failure is also associated with high plasma
levels of inflammatory mediators, such as eicosanoids and
cytokines. These markers are involved in myocyte
hypertrophy, apoptosis and ventricular remodeling, leading
to HF (Adamopoulos, 2002). In this study, the
supplementation with n-3 PUFA significantly reduced the
plasma concentrations of TNF-a by 19.5%. It has been
previously shown that n-3 fatty acids are able to reduce the
plasma concentrations of some cytokines, such as TFN-a,
in healthy and cardiac patients (Dangardt, et al 2010,
Bloomer, et al 2009). Although the mechanisms by which
n-3 fatty acids affect cytokine synthesis are not well
understood, it has been shown that n-3 fatty acids can
inhibit the activity of the nuclear transcription factor kappa
B (NF-kB), which regulates cytokine synthesis and is
activated in HF patients (Duda, et al, 2009, Bloomer, et al
2009, Zhao, et al 2009). In addition, PPAR-o and PPAR-
v, which are activated by n-3 fatty acids, inhibited the NF-
kB activation and mRNA expression of TNF-a (Duda, et al
2009). It is noteworthy that, in this study, the subjects
showed no significant variations in the intake of total
calories and carbohydrates, proteins, lipids, saturated fatty
acids, monounsaturated fatty acids, polyunsaturated fatty
acids (including n-3 PUFA) and fiber. This unchanged
dietary profile and the fact that individuals were already
adapted to physical exercise strengthen the hypothesis that
the observed improvements in the lipid parameters and
inflammatory markers were exclusively the result of n-3
PUFA supplementation. However, the small number of
participants, a relatively short duration of n-3 PUFA
treatment and the absence of a control group might be
considered as limitations of this study.

CONCLUSIONS

In summary, in this clinical trial we demonstrated
that n-3 PUFA supplementation in HF patients receiving
exercise training and pharmacological treatment can
promote beneficial effects by lowering the risk factors
associated with secondary events in HF patients, such as
hyperlipidemia, some inflammatory markers and lipid
transfer. We suggest therefore the expansion of this study,
with a higher number of participants and long-term
intervention.
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