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Does omega-3 supplementation improve the inflammatory profile
of patients with heart failure? a systematic review and meta-analysis
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Abstract

Omega-3 fatty acids are potential anti-inflammatory agents that may exert beneficial outcomes in diseases characterised
by increased inflammatory profile. The purpose of this study was to comprehensively evaluate the existing research on
the effectiveness of n-3 fatty acid supplementation in lowering levels of circulating inflammatory cytokines in patients
with heart failure (HF). From the beginning until October 2022, randomised controlled trials (RCTs) were the subject of
PubMed, Scopus, Web of Science, and Cochrane Library literature search. Omega-3 fatty acid supplementation vs. placebo
were compared in eligible RCTs to see how they affected patients with HF in terms of inflammation, primarily of tumour
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and c-reactive protein (CRP). A meta-analysis employing the random
effects inverse-variance model and standardised mean differences was performed to assess group differences. Ten studies
were included in this systematic review and meta-analysis. Our main analysis (k=35) revealed a beneficial response of n-3
fatty acid supplementation on serum TNF-a (SMD: —1.13, 95% CI: — 1.75-—0.50, I>=81%, P=0.0004) and IL-6 levels
(k=4; SMD:—1.27,95% CI. — 1.88——0.66, P=81%,P< 0.0001) compared to placebo; however, no changes were observed
in relation to CRP (k=6; SMD: —0.14, 95% CI: —0.35-0.07, > =0%, P=0.20). Omega-3 fatty acid supplementation may be
a useful strategy for reducing inflammation in patients with HF, but given the paucity of current studies, future studies may
increase the reliability of these findings.
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Introduction

Heart failure (HF) is a clinical illness brought on by ana-
tomical and functional myocardial abnormalities that limit
ventricular filling or blood ejection [1, 2]. While hemo-
dynamic and neurohormonal responses are triggered to
ensure enough tissue perfusion in order to counteract this
ventricular dysfunction, their continued activation over the
long term results in structural and functional damage [3].
HF is divided in three distinct phenotypes based on left
ventricular ejection fraction (LVEF), particularly, reduced
(HFrEF; <40% EF), preserved (HFpEF; >50% EF), and
mid-range (HFmrEF; 41-49% EF) [1, 2]. Differentiation of
patients with HF based on LVEF is important due to differ-
ent underlying aetiologies, demographics, co-morbidities,
and response to therapies [4].

In HFrEF, myocardial injury activates the inflammatory
responses regulated by the innate and adaptive immune
system [5, 6]. The inflammatory responses are described
by an initial increase in proinflammatory cytokines and
chemokines in conjunction with infiltration of neutrophils
and monocytes into the damaged myocardium [6]. Inflam-
mation is considered a critical pathophysiological factor
in HF, predicting poor prognosis independent of LVEF
[7]. Some notable inflammatory biomarkers in HF include
tumour necrosis factor alpha (TNF-a), interleukin 1 (IL-
1), interleukin-6 (IL-6), interleukin-8 (IL-8), myeloper-
oxidase (MPO), inducible nitric oxide synthase (iNOS),
and c-reactive protein (CRP) [3]. Several interventional
trials have attempted to target or regulate the activity of
those inflammatory markers. Indeed, medical treatment
has shown promising results to reduce inflammation in
people with HF [7], while following a healthy diet has
also displayed a beneficial impact [1]. However, whether
non-pharmacological interventions such as dietary sup-
plements could benefit patients with HF is currently
underexplored.

Attention to the role of n-3 fatty acids in human health and
disease has been continuously increased during recent dec-
ades. Many clinical and epidemiological studies have shown a
positive role for n-3 fatty acids in cardiovascular disease out-
comes [8]. More specifically, n-3 fatty acids such as eicosap-
entaenoic acid (EPA) and docosahexaenoic acid (DHA) have
been reported to modulate the expression of genes involved
in the nuclear factor-kappa B (NF-xB) pathway [9]. A recent
systematic review and meta-analysis assessed the effect of
n-3 fatty acids on left ventricular remodelling in HF [10],
indicating that a n-3 dosage of > 600 g/day could decrease
serum TNF-a, IL-6, and high sensitivity-CRP (hsCRP)
[10]. Nevertheless, the robustness of this systematic review
and meta-analysis is questioned due to inflammatory out-
comes being secondary outcomes of interest; hence, there
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was (i) inclusion of non-placebo treated and/or non-
randomised controlled studies, (ii) the lack of subgroup anal-
ysis based on duration, dose, age, and type of HF, and (iii) the
lack of sensitivity analyses.

The aim of this study was to systematically assess the
published literature pertinent to the efficacy of n-3 fatty acid
supplementation in reducing the inflammatory cytokine lev-
els of TNF-a, IL-6, and CRP, in patients with HF. A second-
ary aim was to assess the effect of n-3 fatty acid supplemen-
tation on IL-1, intercellular adhesion molecule 1 ICAM-1),
vascular adhesion molecule 1 (VCAM-1), and monocyte
chemoattractant protein-1 (MCP-1), which also play a central
role in the regulation of inflammatory responses.

Methods

This systematic review and meta-analysis were conducted
in accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [11].
The protocol was registered in the PROSPERO (Interna-
tional Prospective Register of Systematic Reviews) database
(CRD:42,022,367,713).

Search strategy

Two independent reviewers (KP and PG) searched PubMed,
Scopus, Web of Science, and the Cochrane library from
inception until October 2022. A search strategy involving the
following terms was used: “heart failure”” OR “ejection frac-
tion” AND “omega-3*” OR “n-3.” A manual search of ref-
erences cited in the selected articles and published reviews
was also performed. Discrepancies in the literature search
process were resolved by a third investigator (MI). Studies
were included according to the PICOS (Population, Inter-
vention, Comparator, Outcomes, and Study design) process
(Table S1). The following inclusion criteria were applied:
(1) studies were randomised controlled trials (RCTs); (2)
population comprised of patients with HF; (3) intervention
group received n-3 supplementation; and (4) control group
received a placebo. Studies were excluded if (1) they were
not RCTs; and (2) a full text was not available.

Data extraction and risk of bias

Two authors (KP and JM) extracted data independently.
Extracted data included the name of first author, country,
date of publication, study design, age, sex, type of HF, num-
ber of participants, outcomes measured, dose and duration
of treatment, and whether dietary intake and serum omega-3
levels were assessed. Disagreements between authors were
resolved by a third reviewer (PG). The quality of the included
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studies was assessed using version 2 of the Cochrane risk-
of-bias 2 tool for randomised trials (RoB 2) and evaluated
by two independent reviewers (PF and AM). Appraisal of
risk of bias using the RoB 2 tool included the assessment
of the following domains of bias in RCTs: (1) randomisa-
tion process, (2) deviations from intended interventions, (3)
missing outcome data, (4) measurement of the outcome, and
(5) selection of the reported result. In accordance with the
RoB 2 tool scoring system, study quality was defined as low
risk of bias, some concerns, or high risk of bias.

Statistical analysis

In this meta-analysis, quantitative data were treated as con-
tinuous measurements, and changes in outcomes from base-
line to follow-up were compared between groups to calcu-
late mean differences. When units of measurements were
inconsistent and could not be converted to units required
to be included in the analysis, standardised mean differ-
ences were used. Added to this, we combined studies that
used both normal and similarly high-sensitivity markers of
inflammation (i.e., trials that assessed hsCRP with CRP),
considering their identical outcomes. Statistical signifi-
cance was assessed using the random-effects model and the
inverse-variance method. Any changes between baseline
and follow-up outcome measurements for which standard
deviations were missing were estimated by calculating a cor-
relation coefficient from a known change from the baseline
standard deviation derived from a similar study.

Statistical heterogeneity of outcome measurements
between different studies was assessed using the overlap of
their 95% confidence intervals (95%Cls) and expressed as a
measurement of Cochran’s Q (¢ test) and I>. Data were clas-
sified as moderately heterogeneous when I* values ranged
from 50 to 74.9% and as highly heterogeneous when val-
ues were 75% and above. Furthermore, sensitivity analy-
sis was performed to evaluate the robustness of reported
statistical results by discounting the effects of the HFmrEF
and the effects of olive oil as placebo. Subgroup analyses
based on age (<65 years vs. > 65 years), treatment dura-
tion (<12 weeks vs.> 12 weeks), dose (low dose <2 g/day
vs. high dose >2 g/day), and type of HF (acute vs. chronic)
were also performed. The meta-analysis of data was synthe-
sised using Cochrane’s Review Manager (RevMan 5.4.1)
software.

Results
Search results

Our initial literature search tallied 964 publications. After
the exclusion of 187 duplicates, 777 unique publications

were screened. Overall, 751 publications were marked as
ineligible, while full-text screening of the remaining 26 pub-
lications resulted in 14 eligible RCTs examining n-3 fatty
acid supplementation on patients with HF. Finally, 11 RCTs
were included in the systematic review and meta-analysis
[12-22], for which one could not be included in our meta-
analysis due to inadequate data [22]. Regarding the excluded
studies, one study was missing baseline values, one study
used coadministration of n-3 with glutamine, and one study
used no treatment as control (Fig. 1).

Characteristics of the included studies

A comprehensive description of the included studies is pre-
sented in Table 1.

Risk of bias assessment

Of the included studies, four studies were classified as hav-
ing overall some concerns [12, 16, 20, 21], due to unclear
description of randomisation process, and as to whether
participants were aware of the intervention. In one study
[21], the intervention group was comprised of patients with
greater body mass index compared to controls. In addition,
in the same study, there was no clear description on blinding
of the investigators [21]. The rest of the studies were identi-
fied having low risk [13-15, 17-19, 22]. A detailed traffic
light plot is presented in Table S2.

Omega-3 supplementation and TNF-a

Our main analysis (k=5) revealed a significant impact
of n-3 fatty acid supplementation to lower TNF-a levels
compared to placebo, showing a high degree of hetero-
geneity (SMD: —1.13, 95% CI: —1.75--0.50, I’=81%,
P=0.0004) (Fig. 2). Subgroup analysis showed a sig-
nificant change by lower dose (k=3; SMD: —1.20, 95%
CI: — 1.98-—0.43, ’=86%, P=0.002), but not using higher
doses (k=2; SMD: —1.07, 95% CI: —2.54-0.41, ?=75%,
P=0.16) (Fig. S1). In addition, longer treatment duration
(k=4; SMD: —1.31, 95% CI: —2.00-—0.62, I*=80%,
P=0.0002) (Fig. S2) and being below 65 years of age (k=4;
SMD: — 1.29, 95% CI: —2.00-—0.59, I*=77%, P=0.0003)
(Fig. S3) were significant contributors in lowering TNF-a
levels compared to placebo.

Omega-3 supplementation and IL-6

Our main analysis (k=4) revealed a significant impact of n-3
supplementation on suppressing IL-6 levels compared to pla-
cebo with a high degree of heterogeneity (SMD: —1.27,95%
CI: — 1.88——0.66, I’=81%, P <0.0001) (Fig. 3). Subgroup
analysis showed a significant change by lower dose (k=3;
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Fig. 1 Flowchart of the litera- () - -
ture search - Records identified from:
= PubMed (n = 264) Records marked
&) Web of Science (n = 498) .
= . _ > as duplicates
= Cochrane Library (n = 86) — 187
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E Reports sought for retrieval | Reports not retrieved
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(n=14) Missing outcomes (n = 1)
No treatment as control (n=1)
) l
k5
S Studies included in
S Systematic review and meta-
= .
— analysis (n=11)

SMD: —1.37,95% CI: —2.15-—0.60, I’ =86%, P=0.0005)
(Fig. S4), longer treatment duration (k=3; SMD: —1.37,
95% CI: —2.15——0.60, I*=86%, P=0.0005) (Fig. S5), and
patients below 65 years of age (k=3; SMD: —1.50, 95%
CIL: —2.05-—0.95, ?=64%, P <0.0001) (Fig. S6).

Omega-3 supplementation and CRP

Our main analysis (k=6) showed no significant dif-
ferences between n-3 supplementation and placebo on
CRP, analysing studies with low degree of heterogeneity
(SMD: —0.14, 95% CI: —0.35-0.07, I’=0%, P=0.20)
(Fig. 4). Subgroup analysis showed no significant changes
by lower (k=4; SMD:-0.12, 95% CI: -0.36-0.11,
P=0%, P=0.31) or higher dose (k=2; SMD: -0.19, 95%
CIL: —0.62-0.25, I’=0%, P=0.40) (Fig. S7), type of acute
(k=3; SMD: —0.14, 95% CI: — 0.52-0.23, I*= 0%, P=0.46)
or chronic HF (k=3; SMD: -0.14, 95% CI. -0.39-0.11,
I’=0%, P=0.29) (Fig. S8), and patients 65 years of age
and above (k=5; SMD:-0.17, 95% CI: -0.44-0.10,
P=0%, P=0.22) (Fig. S9). Sensitivity analysis based on
LVEF >40% (one study had a mean of 42%) and a concern-
ing risk for bias [21] did not alter the findings of the main
analysis (k=5; SMD: —0.15, 95% CI: — 0.37-0.07, P=0%,

@ Springer

P=0.18) (Fig. S10). Likewise, exclusion of two studies due
to having olive oil as placebo [15, 20] showed no changes
(k=4; SMD: —0.15, 95% CI: —0.44-0.14, = 0%, P=0.32)
(Fig. S11).

Due to inadequate data for which one study provided
only the differences between the treatment vs. placebo [22],
levels of CRP followed a decreasing trend following a 4 g
daily dose of omega-3 supplementation (—25% vs. placebo),
albeit no statistically significant differences occurred.

Omega-3 supplementation and IL-1, ICAM-1,
and viCAM-1

Our main analysis (k=3) showed no significant differences
between n-3 supplementation and placebo on IL-1, using
RCTs of high degree of heterogeneity (SMD: —0.94, 95%
CI: —2.66-0.78, I =95%, P=0.28) (Fig. S12). Additionally,
similar results were found regarding ICAM-1 and vVICAM-1
(k=2) (SMD: —0.19, 95% CI: —0.95-0.56, I>=86%,
P=0.61) (Fig. S13). Subgroup analysis based on lower n-3
dose showed a significant reduction of IL-1 compared to
placebo, although a high degree of heterogeneity was identi-
fied (k=2; SMD: — 1.81, 95% CI: —3.23——0.40, I’=92%,
P=0.01) (Fig. S14).
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Omega-3 Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Mehra 2006 -0.96 0.89 7 0.56 0.52 7 11.9% -1.95[-3.30,-0.60) — =

Nodari 2009 6 491 21 0 44 20 20.2% -1.26 [-1.94, -0.58] —

Moertl 2011 06 1.12 27 -0.2 0.38 16  20.9% -0.43 [-1.05, 0.20] — &

Zhao 2009 -12.7 165 38 -54 85 37 231% -0.58 [-1.04, -0.11] —

Nodari 2011 -10.8 11.18 67 4.4 466 66 23.9% -1.76 [-2.16, -1.36] —=

Total (95% CI) 160 146 100.0% -1.13 [-1.75, -0.50] ‘

Heterogeneity: Tau? = 0.39; Chi2 = 21.36, df = 4 (P = 0.0003); I*= 81% 2 1 > 2

Test for overall effect: Z = 3.53 (P = 0.0004)

1
1
Omega-3 Placebo

Fig.2 Effect of n-3 fatty acid supplementation on TNF-a levels in patients with HF

Discussion

In this study, we reviewed RCTs investigating the effect of
n-3 fatty acid supplementation on alleviating inflamma-
tory cytokine levels in patients with HF. Our main analysis
revealed that n-3 fatty acid supplementation suppresses
circulating TNF-a and IL-6 levels. Subgroup analyses
identified a beneficial effect of supplementation in patients
aged < 65 years, longer treatment duration (> 12 weeks),
and lower dose (<2 g/day), in both cytokines. There was
no significant effect of n-3 fatty acid supplementation on
serum CRP, IL-1, ICAM-1, and VCAM-1.

Findings from subgroup analyses

Our subgroup analysis based on the dose of n-3 fatty acid
supplementation showed that lower dose (<2 g/day) led
to a significant suppression of TNF-a and IL-6, while a
higher dose (>2 g/day) did not. Although a biological
rationale behind this finding has not been explored, we
speculate that the high 95% CIs and SD values of the low
number (k=2) of studies and sample size included in this
subgroup analysis could explain these contrasting results.
In the study by Moertl et al. (2011), the authors utilised
a lower dose of n-3 supplementation (1 g/day) in 14 par-
ticipants, showing statistically similar findings (P=0.17),
with a minor clinical difference compared to the higher
dose of 4 g/day (P=0.07) (1 g/day—pre: 2.6 (2.4-3.29)

to post: 2.4 (1.9-2.5) pg/mL; 4 g/day—pre: 2.1 (1.6-2.6)
to post: 1.5 (0.1-2.1) pg/mL; n=13) [19]. It may be more
illuminating to determine whether a larger number of stud-
ies demonstrating that high n-3 doses have a negligible
impact on TNF-a could yield a statistically significant
result in a future meta-analysis or whether a biological
mechanism of increased doses could negate its efficacy in
lowering this inflammatory marker.

From previous studies, mechanistically, n-3 fatty
acids displace arachidonic acid on cell membranes and
produce eicosanoids that are deemed anti-inflammatory
[23]. N-3 fatty acids also downregulate the expression of
cyclooxygenase (COX); a key enzyme in production of
pro-inflammatory cytokines by inhibition of NF-kB sig-
nalling [24]. Previous research has also showed that n-3
fatty acid supplementation has resulted in lower levels of
inflammatory cell infiltration and fibrosis in cardiac tissue
in murine models [25] and has augmented the polarisa-
tion of the anti-inflammatory M2 macrophage, resulting
in cardiac remodelling [25, 26].

Moreover, while our subgroup analysis demonstrated
a significant reduction in TNF-a and IL-6 in trials with
longer treatment duration (> 12 weeks), only one study
included in our main analysis followed a shorter term dura-
tion (<12 weeks) [19]. In particular, this study revealed a
significant reduction of IL-6 with 4 g/day of n-3 fatty acid
supplementation, although a non-significant but decreas-
ing trend with 1 g/day. Albeit these findings may support

Omega-3 Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nodari 2009 -6.7 6 21 0.15 075 22 22.4% -1.59[-2.29,-090) — =&
Moertl 2011 23 3.17 27 0.3 1.71 16  23.2% -0.94 [-1.59, -0.28] B
Zhao 2009 -3.1 6.7 38 16 6.8 37 26.7% -0.69 [-1.16, -0.22] - &
Nodari 2011 -7.47 5.57 67 1.1 3.31 66 27.7% -1.86 [-2.26, -1.45] — @ —
Total (95% CI) 153 141 100.0% -1.27 [-1.88, -0.66] i
Heterogeneity: Tau? = 0.31; Chi? = 15.57, df = 3 (P = 0.001); I = 81% 2 1 3 1 2

Test for overall effect: Z = 4.07 (P < 0.0001)

Omega-3 Placebo

Fig. 3 Effect of n-3 fatty acid supplementation on IL-6 levels in patients with HF
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Omega-3 Placebo Std. Mean Difference Std. Mean Difference
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Omega-3 Placebo

Fig.4 Effect of n-3 fatty acid supplementation on CRP levels in patients with HF

a higher dose to reduce IL-6 levels, the same study found
a non-significant decrease in TNF-a utilising a higher dose
(4 g/day). Therefore, in spite of the low sample size in this
study, it is worth stating that the non-statistically signifi-
cant result in the subgroup analysis utilising higher doses
of n-3 fatty acids may had also been impacted by insuf-
ficient treatment duration.

Our subgroup analysis based on age showed a reduc-
tion of serum TNF-a and IL-6 in patients with HF
aged < 65 years. However, there was only one RCT dem-
onstrating a significant decrease in serum TNF-a and IL-6
in patients > 65 years following 3 months of 2 g/day n-3
fatty acid supplementation [13], and as such, these results
cannot be extrapolated in patients aged > 65 years. Inter-
estingly, longitudinal research in patients with HF above
65 years has demonstrated that ageing is a significant con-
tributor to higher levels of inflammatory markers and is
linked to a greater risk of HF development [27]. There-
fore, further clinical trials are required to explore whether
patients aged > 65 years would experience similar reduc-
tions in TNF-a and IL-6.

Strengths and limitations

To our knowledge, this is the first meta-analysis of RCTs
with the main aim to investigate the effect of n-3 fatty
acid supplementation on pro-inflammatory cytokines in
patients with HF. HF in patients aged < 65 years may have
a different aetiology compared to their older counterparts
[28] and, hence, different response to the anti-inflammatory
effects of n-3 fatty acids. Therefore, our results may be rep-
resented more accurately in patients with HF aged < 65 years,
given that middle-aged (i.e., <65 years) and older
(i.e.,> 65 years) patients with HF may display similar
cardiac remodelling during disease progression but dif-
fering inflammatory profiles [29]. In addition, our analysis
was limited by a small number of available RCTs to draw
conclusions pertinent to lower vs. higher dose and shorter

vs. longer treatment duration. Hence, the results from sub-
group analyses should be interpreted with caution due to
the limited number of studies (i.e., k=3 for lower dose,
and k=2 for higher dose; regarding TNF-a).

Conclusion

This systematic review and meta-analysis demon-
strated the potential of n-3 fatty acid supplementation
to suppress markers of inflammation in patients with
HF. Whether these results may be applicable to only
lower doses, longer treatment duration, and patients
aged < 65 years have yet to be investigated, concerning
the limited research around this field. Supplementation
with n-3 fatty acids is an inexpensive non-pharmaco-
logical agent; hence, more research on the topic could
yield prominent findings pertaining to HF treatment by
mediating patients’ inflammatory response.
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