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Abstract

Aims: Adequate intake of long-chain (LC) omega-3 polyunsaturated fatty acids (n-3 PUFAs] is
considered important for cardiovascular health. However, the effects of LC n-3 PUFAs on the
risk of heart failure (HF) remain unclear. This systematic review and meta-analysis aimed to

determine the role of LC n-3 PUFAs in the incidence of HF.

Materials and Methods: Electronic databases were searched for studies up to 31 July 2021.
Studies were included for the meta-analysis if they reported the adjusted associations
between different dietary intakes or circulating concentrations of LC n-3 PUFAs and the risk
of HF. A random-effect model was used to calculate the pooled estimated hazard ratios
(HRs) and 95% confidence intervals (Cls) for higher LC n-3 PUFA concentrations.

Results: Thirteen studies were included in the meta-analysis. Eight studies comprising
316,698 individuals (11,244 incident HF cases), with a median follow-up of 10.7years,
showed that a higher dietary intake of LC n-3 PUFAs was associated with a lower risk of

HF (highest versus lowest quintile: HR=0.84, 95% Cl=0.75-0.94). Six studies, comprising
17,163 participants (2520 HF cases) with a median follow-up of 9.7 years, showed that higher
circulating LC n-3 PUFA concentrations were associated with a lower risk of HF (highest
versus lowest quintile: HR=0.59, 95% C1=0.39-0.91). Higher circulating docosahexaenoic
acid concentrations were associated with a decreased risk of HF (top versus bottom quintile:
HR=0.44, 95% Cl=0.26-0.77). The associations between eicosapentaenoic acid (HR=0.58, 95%
Cl=0.26-1.25), docosahexaenoic acid (HR=0.66, 95% Cl=0.24-1.82), and the risk of HF were

not significant.

Conclusion: High LC n-3 PUFA concentrations measured by dietary intake or circulating
biomarkers are associated with a lower risk of developing HF.
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Introduction

With an improved life expectancy and an aging
population, heart failure (HF) has become a
growing global public health burden. More than 5
and 37.7million patients are estimated to have
HF in the United States and worldwide, respec-
tively.1»2 Although there have been remarkable
improvements in the management of HF, the
5-year mortality in patients with HF is still as high
as 50%.3 This finding suggests the importance
of identifying novel preventive risk factors and
treatment modalities of HF.

Long-chain (LC) omega-3 polyunsaturated fatty
acids (n-3 PUFAs), which are obtained in the diet
from seafood or in the form of supplements, are
considered important regulators of cardiovascular
health. Evidence from observational studies has
suggested that LC n-3 PUFAs reduce the risk of
coronary heart disease, especially sudden cardiac
death.® 10 However, the effects of LC n-3 PUFAs
on the risk of HF are not well established. Although
some studies showed that fish consumption and
dietary intake of LC n-3 PUFAs were associated
with a protective effect for HF,!1-14 other studies
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did not find a similar association.!>"!® In contrast
to food questionnaire estimates, circulating L.C
n-3 PUFA concentrations provide objective meas-
ures of exposure, reflecting dietary consumption
and related biological processes, such as absorption,
incorporation, and metabolism. To overcome
inconsistencies related to measurement error in
food questionnaire-based studies, some studies
evaluated the associations between circulating
(serum or plasma) LC n-3 PUFA concentrations
and incident HF,!%19-23 although inconsistent
results were found. In addition, LC #n-3 PUFAs
comprise several specific individual types of fatty
acids, including eicosapentaenoic acid (EPA,
20:5n-3), docosapentaenoic acid (DPA, 22:51-3),
and docosahexaenoic acid (DHA, 22:6n-3).19,20,22
These specific individual LC 7-3 PUFAs may have
different biological effects, and whether their effects
on HF are similar has not been well evaluated.

To address these issues, we performed a meta-
analysis of observational studies to synthesize
data on the associations between LC n-3 PUFAs
and the risk of incident HF. We aimed to deter-
mine (1) whether LC n-3 PUFAs, as evaluated by
dietary intake and circulating concentrations,
play a role in the risk of HF and (2) whether spe-
cific individual LC #n-3 PUFAs have different
effects on the prevention of HF.

Methods

Search strategy and selection criteria

We performed our study by following the recom-
mendations of the Meta-analysis of Observational
Studies in Epidemiology group.?* Electronic
databases (PubMed, Google Scholar, Cochran
Library, and EMBASE) were searched for studies
from inception until 31 July 2021. We used a
combined text and MeSH heading search strat-
egy, with terms related to ‘#-3 PUFASs’ and ‘heart
failure’. There were no restrictions on language or
publication forms. However, we restricted the lit-
erature to human studies. Reference lists of the
included studies and the most recent reviews were
manually checked to identify potentially related
studies. The detailed strategy used for searching
PubMed is shown in Supplementary File 1. The
strategies for searching other databases were
similar, but with adaptations where necessary.

We included studies for analysis if they met the
following criteria: (1) prospective cohort studies

or nest case—control studies with adult partici-
pants (aged = 18years); (2) dietary intake or cir-
culating LC »n-3 PUFA concentrations and other
associated risk factors were detected at baseline;
and (3) the risk of HF associated with different
LC n-3 PUFA concentrations was reported.

Studies were excluded if they met the following
criteria: (1) they were cross-sectional studies; (2)
the risk of HF was not adjusted for other con-
founders; (3) the follow-up duration was <1 year;
and (4) duplicated articles were derived from the
same participants’ dataset. If multiple reports
were derived from the same participants’ cohort,
only the latest published data were included in
our study.

Data extraction and quality assessment

Two investigators (S.Z. and X.L.) independently
conducted article searches and screened the titles
and abstracts of the retrieved reports. Full texts of
potentially suitable studies were subsequently
reviewed. Important information of the included
studies, such as the study design, participants’
characteristics, ethnicity, study sample, sex,
mean/median age, methods for detecting #-3
PUFAs, and follow-up duration, were recorded.
The principal authors were contacted for any
additional data if required.

We wused the Newcastle-Ottawa Quality
Assessment Scale to evaluate the study quality
on the basis of the following: selection (3 items,
1 point each), comparability (1 item, up to
2points), and exposure/outcome (3 items, 1
point each), with a total score ranging from 0 to
9.25 Included studies were classified by quality
as good (=7points), fair (4—6 points), or poor
(<4 points).26:27

Data synthesis and analysis

The primary outcome was the risk of incident HF
in individuals with different levels of dietary
intake or circulating LC n-3 PUFA concentra-
tions. The secondary outcome was the risk of
incident HF associated with individual LC 7-3
PUFA concentrations (EPA, DHA, and DPA).
Outcome data adjusted for the maximal number
of confounders were extracted for analysis.

The associations of the HF risk and LC n-3 PUFA
concentrations were reported in different ways in
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the included studies, such as per quartiles or quin-
tiles of LC #n-3 PUFA concentrations, or per 1
standard deviation (SD) increment in the contin-
uous trait. Therefore, to perform a consistent
approach for analysis and enhance the interpreta-
tion of the findings, two comparison methods
were performed in our study. We compared the
hazard ratios (HRs) of the HF risk in individuals
with the highest quintile of LC #n-3 PUFAs with
those with the lowest quintile. We then calculated
the HRs per 1 SD increment in baseline concen-
trations of LC n-3 PUFAs. If the included studies
did not report effect measures per quintile or per
1 SD change, we converted the results according
to previously reported methods.?® Briefly, we
assumed that the exposure variable (LC #n-3
PUFAs) was normally distributed, and the asso-
ciation with outcome (HF) was log linear. The
expected difference in means was 1.96 SDs for the
top versus bottom median of the standard normal
distribution, 2.18 SDs for the top versus bottom
tertiles, 2.54 SDs for the top wversus bottom quar-
tiles, and 2.80 SDs for the top wversus bottom quin-
tiles.2® Therefore, HRs reported for the top wversus
bottom median comparison were converted to per
1 SD change by applying a division conversion
factor of 1.96 to the log HRs. Similarly, estimates
for comparisons of extreme tertiles, quartiles, and
quintiles were divided by 2.18, 2.54, and 2.80,
respectively. The HRs reported for comparisons
of extreme quartiles or tertiles were converted to
comparisons of extreme quintiles by applying a
multiplication conversion factor of 2.80/2.54 or
2.80/2.18, respectively, to the log HRs.

We combined the log RRs or log HRs and the
corresponding standard errors using the inverse
variance approach.?® We used I? statistics to test
heterogeneity, and an I? value of >50% was con-
sidered to indicate significant heterogeneity.
However, even when no statistical heterogeneity
was observed, we reported results from the
random-effects models as the primary analysis (as
opposed to the fixed-effects model), considering
the unavoidable clinical and methodological
heterogeneity (e.g. baseline characteristics of the
patients, methods for detecting the exposure,
adjustment of confounders, and follow-up dura-
tion).3 Subgroup analyses of the primary outcome
were performed according to region, age, sex,
follow-up duration, the measure of exposure
(EPA, DHA, or DPA), and the measurement
method (gas chromatography or gas-liquid chro-
matogram) if appropriate. The publication bias

was evaluated by inspecting funnel plots for the
primary outcome and further tested using Begg’s
test and Egger’s test. Sensitivity analyses were
conducted by changing the random-effects model
to the fixed-effects model for the meta-analysis.
We also recalculated the HRs by omitting one
study at a time to evaluate the effect of individual
studies on the estimated risk.

The analyses were performed using RevMan 5.3
(The Cochrane Collaboration, Copenhagen,
Denmark) and Stata 15.0 (StataCorp LP, College
Station, TX, USA). All p values are two-tailed,
and the statistical significance was set at 0.05.

Results

Retrieved studies

A total of 1897 articles were identified from the
searched electronic databases. After duplication
records were removed, two authors indepen-
dently screened the titles and abstracts. The full
text from 51 articles was reviewed, and 13 studies
were included in the final analysis (Figure 1). In
the included studies, seven reported the dietary
intake of LC n-3 PUFAs,11-1416-18 fiye reported
circulating LC #n-3 PUFA concentrations,!9-23
and only one study report both dietary intake and
circulating LC #n-3 PUFAs concentrations.!>
Therefore, eight and six studies were included for
evaluating incident HF associated with dietary
and circulating LC »n-3 PUFA concentrations,
respectively. According to quality assessment cri-
teria, only two studies were graded as fair, and
all other studies were graded as good quality
(Supplementary File 2).

Dietary LC n-3 PUFA intake and the risk of HF

The 8 studies on dietary LC n-3 PUFA intake
and incident HF included 316,698 individuals
for analysis. The main characteristics of the
included studies are shown in Table 1. Two
studies enrolled only women, two studies enrolled
only men, and all others included both sexes.
After a median follow-up of 10.7years (range:
7-12.7years), 11,244 cases of HF were recorded.
The adjusted confounders in the studies are
shown in Supplementary File 3.

No significant heterogeneity among the included
studies was observed for the association of dietary
LC »n-3 PUFA intake and incident HF, as assessed

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 13

Potentially relevant articles identified and screened for retrieval (n=1897)

» Records after duplicates removed (n=425)

\4

Potentially relevant articles (n=1472)

——>

abstracts (n=1421)

Not associated with fatty acids and risk of HF by review of titles and

v

Potential articles for detailed evaluation (n=51)

Full-text articles excluded (n=38)

> No associated events data (n=12)

No prospective cohort studies or nest case control studies (n=5)
No evaluation of long-chain n-3 PUFAs on risk of HF (n=21)

v

Articles included in the meta-analysis (n=13)

Figure 1. Flowchart of studies included in the review.

Cls, confidence intervals; HF, heart failure; PUFAs, polyunsaturated fatty acids; RRs, relative risks.

by quintiles (I?=36%, p=0.14) or per 1 SD incre-
ment (?=36%, p=0.16). A random-effects
model analysis showed that a higher intake of LC
n-3 PUFAs was associated with a lower risk of
HF [highest quintile wersus lowest quintile:
HR=0.84, 95% confidence interval (CI)=0.75—
0.94, p=0.002; per 1 SD increment: HR=0.94,
95% CI=0.90-0.98, p=0.001] (Figure 2). No
evidence of publication bias was shown by visual
inspection of the funnel plot (Supplementary File
4), or using Egger’s or Begg’s test (both p>0.10).

Circulating LC n-3 PUFA concentrations and the
risk of HF

We included six studies comprising 17,163 par-
ticipants for evaluating the association between
circulating LC »n-3 PUFA concentrations and
the risk of HF. The main characteristics of the
included studies are shown in Table 2. One
study enrolled only men, and all of the others
included women and men. One study enrolled
patients with acute myocardial infarction, and
all other studies included individuals without
baseline cardiovascular disease. After a median
follow-up of 9.7years (range: 3.0-14.3years),
2520 cases of HF were recorded. The adjusted
confounders in the studies are shown in
Supplementary File 3.

There was significant heterogeneity among the
included studies, as assessed by quintiles (2=76%,
p»=0.001) or per 1 SD increment (I?=77%,
$»<0.001). A random-effects model analysis
showed that higher circulating LC n-3 PUFA
concentrations were associated with a lower risk
of HF (highest quintile versus lowest quintile:
HR=0.59, 95% CI=0.39-0.91, p=0.02; per 1
SD increment: HR=0.82, 95% CI=0.70-0.97,
p»=0.02) (Figure 3). No evidence of publication
bias was found by visual inspection of the funnel
plot (Supplementary File 5), or using Egger’s or
Begg’s test (both p>0.10).

Individual LC n-3 PUFA concentrations and the
risk of HF

In studies that reported data of individual circu-
lating LC 7n-3 PUFA concentrations and the
risk of HF, pooled analyses showed that a higher
circulating DHA concentration was associated
with a decreased risk of HF (top quintile versus
bottom quintile: HR=0.44, 95% CI=0.26-0.77,
$»=0.003). The associations of EPA (HR=0.58,
95% CI=.26-1.25, p=0.18) and DPA
(HR=0.66, 95% CI=0.24-1.82, p=0.43) with
the risk of HF were not significant (Figure 4).
However, no significant heterogeneity was
observed among different individual LC #n-3
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI Year IV. Random, 95% CI
Highest Quintiles vs Low Quintiles
Mozaffatian 2005 -0.462 0.2042 6.1% 0.63[0.42, 0.94] 2005
Yamagishi 2008-JACC study -0.5447 0.2405  4.6% 0.58 [0.36, 0.93] 2008 — =
Levitan 2010 -0.2877 01276 12.3% 0.75(0.58, 0.96) 2010 =
Belin 2011 -0.0682 0.0768 21.4% 0.93(0.80, 1.09 2011 i
Wilk 2012 -0.0619 01152 14.1% 0.94[0.75,1.18) 2012 =8
Dijkstra 2009 -0.1165 01277 12.3% 0.89[0.69, 1.14] 2019 ==
Akesson 2019 -0.2744 0.0957 17.4% 0.76 (0.63,0.92] 2019 T
Levitan 2009 0 01307 11.9% 1.00(0.77,1.29 2019 o
Subtotal (95% CI) 100.0% 0.84 [0.75, 0.94] L 4
Heterogeneity: Tau®= 0.01; Chi*= 10.94, df= 7 P = 0.14); F= 36%
Test for overall effect: Z=3.16 (P = 0.002)
Per SD increment
Mozaffarian 2005 -0.1649 0.0737  59% 0.85(0.73,0.98] 2005 =
Yamagishi 2008-JACC study -0.1948 0.087  4.4% 0.82(0.69, 0.98] 2008 =
Levitan 2010 -0.1031 0.0468 12.0% 0.90(0.82, 0.99 2010 s
Belin 2011 -0.0263 0.0274 21.9% 0.97(0.92,1.03] 2011 b
Wilk 2012 -0.0222 0.0413 14.1% 0.98 [0.90, 1.06) 2012 i
Akesson 2019 -0.0981 0.0341 17.7% 0.91[0.85, 0.97] 2019 =
Dijkstra 2009 -0.0419 0.0462 12.2% 0.96 (0.88, 1.05] 2019 -
Levitan 2009 0 0.0476 11.7% 1.00(0.91,1.10) 2019 I
Subtotal (95% CI) 100.0% 0.94[0.90, 0.98] 4
Heterogeneity: Tau®= 0.00; Chi*= 10.58, df= 7 P = 0.16); F= 34%
Test for overall effect: Z=3.19 (P = 0.001)

0.1 0.2 05 1 2 5 10

Higher N3 PUFA intake Lowest N3 PUFA intake

Figure 2. Forest plot of the risk of HF associated with dietary LC n-3 PUFA intake.
Cl, confidence interval; HF, heart failure; LC, long chain; PUFAs, polyunsaturated fatty acids.

PUFA concentrations and the risk of HF (I2=0%,
p=0.76). Similar results were observed when the
risk was evaluated as per 1 SD increment of indi-
vidual circulating LC »#-3 PUFA concentrations
(Supplementary File 6).

Sensitivity analyses and subgroup analyses

We conducted several sensitivity analyses to con-
firm that the primary outcomes were not changed
by using the fixed-effects model instead of the
random-effects model, or recalculating the HRs
by omitting one study at a time. No significant
heterogeneity was observed among all subgroup
comparisons for dietary LC #-3 PUFA intake and
the risk of HF (all p=0.16, Table 3). The subgroup
analyses for the risk of HF and circulating L.C #n-3
PUFA concentrations are shown in Table 4.
There was significant heterogeneity among the
subgroups stratified by sex and tissue type (serum
versus plasma phospholipids). However, no sig-
nificant heterogeneity was observed among other
subgroup comparisons (age, follow-up duration,
region, measurement method, and type of HF).

Discussion
In this comprehensive meta-analysis, we found
that a higher dietary LC 7n-3 PUFA intake was

associated with a decreased risk of incident HF.
Similarly, higher circulating LC #-3 PUFA con-
centrations appeared to play a protective role in the
risk of HF. This effect was more robust for DHA,
although no significant heterogeneity was observed
among specific individual LC n-3 PUFAs.

Similar to our study, a previous meta-analysis by
Djousse ez al.?? aimed to evaluate the association
between LC n-3 PUFAs and the risk of HF.
However, they only included seven studies for
analysis and found that a higher fish intake was
associated with a lower risk of HF (highest versus
lowest category of fish intake, RR=0.85, 95%
CI=0.73-0.99, »p=0.04). However, the corre-
sponding value for #n-3 PUFAs was not significant
(RR=0.86, 95% CI=0.74-1.00, p=0.05). In
this study, we updated the studies published dur-
ing the past decade and included a much larger
number of studies, with a sufficient sample size to
separately analyze dietary intake and circulating
LC n-3 PUFA concentrations (rather than com-
bining these together as the same exposure). We
found that a higher dietary intake or circulating
LC #n-3 PUFA concentrations were consistently
associated with a lower risk of HF. Furthermore,
we examined the role of specific individual LC
n-3 PUFAs (DHA, EPA, and DPA) in HF.
We find that the evidence was more robust for

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

S Zheng, M Qiu et al.

‘uoljeINSp pJepuess ‘qs ‘spioe
Aey pajeaniesunAjod ‘sy4nd !a1ge)ieAR Jou ‘YN ‘uleys buo) ‘07 feaniey Jieay ‘4H ‘wedbojewolyd pinbn-seb ‘979 t10jdejap-uoieziuol-sweyy/ydesboyewoiya-seb ‘gi4-99 ‘Aydeiborewolyd

seb ‘99 ‘pioe dlouseyuadesodls ‘Y3 ‘ploe d10useyuadesodop ‘Yd(d ‘PIoe J10USBXaYRS020p “YH( ‘S2IHUNWIWO0Y Ul ¥SIY SIS049)IS0I8YlY ‘Y ‘UoIIdIeul |eIpledoku 8ynde ‘|NY

VHQ + vd3 Apmis
(979) VHA Sjuspisad S9181S JldV-¢z 7€ 19
eyl (9°G) L€S L6l (%Y'E€G) GLSE pidnoydsoyd ewse)d vd3 Aunwwog payun lysibewex
vda + VHd + vd3
vdd
(@14-29) VHA sjuspisal S9jels 1€ 49
L6 (VN) ¢°GL GGG (%0°8G) GELL prdioydsoyd ewselq vd3 Aunwwog payun UBLIBYEZON
(29) sueldisAyd salelg
7’8 (VN] £'8G 98L (%0]) 9481 prdnoydsoyd ewse)d vdad + VHA + Vd3 a1ew Aynesy psyun s 7€ 19 MM
VHA
0¢ (YN] 0°G9 Gg (%CCC) ZLL (09) wnJss vd3 syuaned [Ny ueder 1z’ 1€ }9 BleH
VHA + Vd3
vdd
(@14-29) VHA Sjuspisad S91e1S
€l (0'0L) 0°€9 6 (%0°28) 2999 prdnoydsoyd ewse)d vd3 Aunwwog psyun 0z'1€ 19 %2019
vdd
VHQ sjuaplsal s91e1S ANLERE
L6 (7"7) L' LL GG9  (%C'L9) €00¢ (09) wnJag vd3 Ajunwwog payun assnol(
(sdeaAf) (as 40 abueu) (u) (uswom %) (poyisw bulinsesw) saljsiiajoeleyd uoibau
dn-moyjo4 abeusae ‘(sueak) aby ased 44 9zis 9)dwes adAyanssi] ainsodxa Jo aunses|y uoyoy /Anuno) Apnis

JH J0 %Sl pue y4nd £-U 7 BueIN2.Id Lo S31pn3s Jo SINsIeIdeIEY) Z 91qe]

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 13

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Highest Quintile vs Lowest Quintile
Yamagishi 2008-ARIC study -0.2614 0.2519  5.9% 0.77 [0.47,1.26] 2008 —
Mozaffarian 2011 -0.659 0.3362 4.0% 0.52[0.27,1.00] 2011 |
Wilk 2012 -0.0834 0.1884  7.9% 0.92[0.64, 1.33] 2012 G
Hara 2013 -1.2623 04377 2.7% 0.28[012,067] 2013 —
Block 2019 -1.726 0.4646  2.4% 018[0.07, 0.44) 2018 &
Djousse 2021 0 01505 9.4% 1.00[0.74, 1.34] 2021 I
Subtotal (95% Cl) 32.5% 0.59 [0.39, 0.91] ~i--
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Figure 3. Forest plot of the risk of HF associated with circulating LC n-3 PUFA concentrations.
Cl, confidence interval; HF, heart failure; LC, long chain; PUFAs, polyunsaturated fatty acids.
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Figure 4. Forest plot of the risk of HF associated with individual circulating LC n-3 PUFA concentrations.
Cl, confidence interval; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; HF, heart
failure; LC, long chain; PUFAs, polyunsaturated fatty acids.
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Table 3. Subgroup analyses of the association between dietary LC n-3 PUFAs intake and risk of HF.

Studies (N)  Quintile 5 versus Quintile 1 Per 1 SD increment
HR (95% Cl) pvalue?/I2 HR(95% Cl) p value?/|?
Average age (years)
<60 4 0.84[0.72,0.971 0.98/0% 0.94[0.89,0.991 0.98/0%
~40 4 0.84 [0.70, 1.01] 0.94[0.88, 1.00]
Sex
Female 5 0.91[0.81,1.02] 0.28/14.2%  0.98[0.94,1.02] 0.16/49.4%
Male 5 0.83[0.75, 0.93] 0.94[0.91, 0.97]
Follow-up duration (years)
<10 3 0.89[0.78, 1.03] 0.45/0% 0.96[0.90, 1.02] 0.36/0%
~10 5 0.83[0.75, 0.92] 0.92 [0.88, 0.98]
Measure of exposure
EPA + DHA 6 0.84[0.75,0.95] 0.72/0% 0.94[0.90,0.98] 0.73/0%
EPA + DHA + DPA 2 0.77 [0.49, 1.23] 0.91[0.77, 1.08]
Region
Europe 4 0.83[0.74,0.93] 0.16/46.1% 0.94[0.89,0.98] 0.17/44.2%
United States 3 0.90[0.80, 1.02] 0.96[0.90, 1.02]

Asia

1

0.58 [0.36, 0.93]

0.82[0.69, 0.98]

Cl, confidence interval; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; HF, heart

failure; HR, hazard ratio; LC, long chain; PUFAs, polyunsaturated fatty acids; SD, standard deviation.

aFor heterogeneity among subgroups.

DHA than for the other LC 7-3 PUFAs. In addi-
tion, no significant association was found for EPA
or DPA, although the overall CI was wide, and
there was no significant heterogeneity among the
three individual LC »-3 PUFAs.

Basic research on individual LC n-3 PUFAs on
cardiac function has yielded inconsistent results.
In a rat model with cardiac hypertrophy, DHA
supplementation decreased mitochondrial mem-
brane viscosity, accelerated Ca%" uptake, attenu-
ated susceptibility to mitochondrial permeability
transition, and prevented the development of car-
diac dysfunction.?! In a mouse model of pressure
overload-induced HF, EPA, but not DHA, pre-
served left ventricular function and prevented
interstitial fibrosis.32:33 However, when the same
research group used data from the Multi-Ethnic

Study of Atherosclerosis, they found that high
plasma DHA, DPA, and EPA plus DHA concen-
trations had similar effects on the risk of HF.?0
This finding indicates that, unlike mice, humans
may benefit from LC n-3 PUFAs for protection
against HF. Similarly, data from the Cardiovascular
Health Study showed that when analyses were
limited to 7 years to minimize exposure misclassi-
fication over time, all three LC n-3 PUFAs and
total LC n-3 PUFA concentrations were inversely
associated with incident HF.22 Taken together,
these data suggest that all three LC n-3 PUFAs
may have a similar protective effect on cardiac
function. However, further human studies are
required to confirm this possibility.

Several biological effects of LC #n-3 PUFAs,
including improvement of the cardiometabolic
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Table 4. Subgroup analyses of the association between circulating LC n-3 PUFAs and risk of HF.

Studies Quintile 5 versus Quintile 1 Per 1 SD increment

M HR (95% ClI) p value3/2 HR (95% ClI) p value3/2
Average age [years)
<60 2 0.86 [0.64,1.16]  0.11/59.8% 0.95[0.86, 1.05]  0.11/60.3%
=60 4 0.4310.19, 0.97] 0.74[0.55, 0.99]
Sex
Female 1 0.37[0.16,0.84] 0.03/78.8% 0.70[0.52, 0.95]  0.04/75.9%
Male 2 0.981[0.71, 1.34] 0.981[0.87, 1.11]
Follow-up duration (years)
<10 4 0.70[0.45, 1.08]  0.45/0% 0.88[0.75,1.03]  0.44/0%
=10 2 0.39[0.09, 1.63] 0.7110.42, 1.19]
Region
United States 5 0.67 [0.44,1.02] 0.08/68.3% 0.86[0.74,1.00]  0.08/66.7%
Asia 1 0.28[0.12, 0.67] 0.64[0.47, 0.86]
Measure of exposure
EPA + DHA 3 0.36[0.14,0.92] 0.08/67.7% 0.69[0.49,0.97]  0.08/68.1%
EPA + DHA + DPA 3 0.87[0.65, 1.17] 0.95[0.86, 1.06]
Tissue type
Serum 2 0.23[0.12,0.42]  <0.001/93.6% 0.581[0.47,0.72]  <0.001/94.2%
Plasma phospholipid 4 0.87[0.69, 1.08] 0.95[0.88, 1.03]
Measuring method
GC 3 0.75[0.46, 1.24]  0.35/17.3% 0.90[0.75, 1.08]  0.30/16.9%
GC-FID 2 0.32[0.11, 0.90] 0.66 [0.45, 0.97]
GLC 1 0.77[0.47, 1.26] 0.91[0.77, 1.08]
Type of HF
HFpEF 2 0.27[0.02,3.86] 0.71/0% 0.63[0.24, 1.65]  0.74/0%
HFrEF 2 0.49[0.10, 2.37] 0.76 [0.43, 1.34]

Cl, confidence interval; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; GC, gas
chromatography; GC-FID, gas-chromatograph/flame-ionization-detector; GLC, gas-liquid chromatogram; HF, heart failure;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio;

LC, long chain; PUFAs, polyunsaturated fatty acids; SD, standard deviation.
aFor heterogeneity among subgroups.

risk profile, anti-inflammatory and anti-fibrosis modification of cardiac ion channels, may explain
effects, improvement of cardiac energy metabo- their protective associations with the incidence of
lism and the vascular endothelial response, and HF.3438 However, no published randomized

10 journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

S Zheng, M Qiu et al.

controlled trials have assessed the effect of dietary
LC »n-3 PUFA intake on primary prevention of
HF. Therefore, the science advisory from the
American Heart Association has not yet made any
recommendations on 7n-3 PUFA intake for the
primary prevention of HF.3° Considering the high
and growing disease burden of HF worldwide,
our findings underscore the potential importance
of LC n-3 PUFAs for preventing HF. Our find-
ings also highlight the urgent need for high-quality
and adequately powered randomized controlled
trials to test the causal effect of LC n-3 PUFAs in
preventing HF. It would be interesting to further
explore whether increasing the level of LC n-3
PUFA by nonpharmacological or pharmacologi-
cal means would confer a superior protection
regarding the incidence of HF.

Our study has several major strengths. First, only
prospective studies with a multivariable-adjusted
estimated risk were included for analysis, and most
of them were adjusted for multiple confounders,
including traditional cardiovascular risk factors
and energy intake. However, residual confounding
by unmeasured or imprecisely measured factors
cannot be excluded. Second, the association of
exposure and outcome was consistently deter-
mined by category (top quintile versus bottom
quintile) or continuous (per 1 SD) increment of
LC n-3 PUFAs. The robustness of the main results
was supported by comprehensive subgroup analy-
ses and sensitivity analyses. However, several limi-
tations of the study should be noted. First, most of
the included studies were from European coun-
tries or the United States, and only two studies
were from Japan (one each for dietary intake
and circulating concentrations). LC #n-3 PUFA
concentrations are affected by dietary patterns.
Therefore, whether the association of LC n-3
PUFA concentrations with incident HF is consist-
ent among other populations remains unknown,
and further studies are required. Second, only a
single measurement of L.C n-3 PUFAs was per-
formed in the observational studies. The individu-
als’ dietary patterns and fatty acid metabolism will
change over time, and random error caused by a
single measurement of LC n-3 PUFA concentra-
tions at baseline may attenuate associations toward
the null. However, data from the Physicians’
Health Study showed a modest correlation between
measurements of plasma phospholipid fatty acids
over 15years.* Importantly, use of a single base-
line concentration or the mean L.C n-3 PUFA con-
centration obtained from blood samples collected

years apart yielded similar conclusions on their
relation with HF.#0 Third, studies that examined
the association between individual LC 7n-3 PUFAs
(DHA, EPA, and DPA) and the risk of HF are
limited. Therefore, further studies on the role of
specific individual LC 7-3 PUFAs in HF are
required.

Conclusion

Higher L.C #-3 PUFA concentrations, as assessed
by self-reported intake or circulating biomarkers,
are associated with a lower risk of developing HF.
Future randomized controlled trials are required
to evaluate whether LC n-3 PUFAs are effective
in the primary prevention of HF.
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