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Background & aims: Dietary and supplemental long chain omega-3 polyunsaturated fatty acids (n-3
PUFA) have shown vascular beneﬁts for the general population, but effects among people with chronic
kidney disease (CKD) are largely uncertain. We aimed to evaluate the effects of n-3 PUFA intake among
patients with CKD.
Methods: We searched MEDLINE, Embase, and CENTRAL through January 12, 2018. Eligible studies were
randomized controlled trials evaluating n-3 PUFA intake (supplementation or dietary) compared with
placebo, standard care, or other treatment, on cardiovascular and all-cause mortality, end stage kidney
disease (ESKD), acute transplant rejection, and allograft loss. Risks of bias and evidence certainty were
assessed using Cochrane and Grading of Recommendations Assessment, Development and Evaluation
processes.
Results: Sixty trials (4129 participants) were eligible, all of supplementation, with a median follow-up of
6 months. Low to very low certainty evidence suggested that n-3 PUFA supplementation reduced cardiovascular death for participants on hemodialysis (39 events; relative risk (RR) 0.45, 95% conﬁdence
interval (CI) 0.23e0.89), prevented ESKD (29 events; RR 0.30, CI 0.09e0.98) in participants with CKD not
receiving renal replacement therapy, and made little or no difference in all-cause mortality (215 events;
RR 1.05, CI 0.84e1.33), acute transplant rejection (188 events; RR 0.98, CI 0.80e1.21) or allograft loss (39
events; RR 0.98, CI 0.54e1.81]). Risk of bleeding (44 events; RR 1.40, CI 0.78e2.49) and gastrointestinal
side-effects (103 events; RR 1.14, CI 0.79e1.67) were uncertain.
Conclusions: n-3 PUFA supplementation may reduce cardiovascular mortality in patients on hemodialysis but it is uncertain whether supplementation prevents mortality or ESKD in patients with CKD.
© 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Chronic kidney disease (CKD) affects around 10e15% of
community-dwelling adults [1e3] and increases their risk of cardiovascular death by 2e3 times compared with the general population [4,5]. The accelerated onset of cardiovascular risk may be
caused by inﬂammation, oxidative stress, and altered mineral
metabolism, leading to vascular calciﬁcation [5,6]. Compared with
other high cardiovascular risk groups, interventions aimed at preventing cardiovascular complications, such as statins and antiplatelets, have smaller beneﬁcial effects for patients with
advanced kidney disease. Interventions targeting a range of other
vascular injury pathways in CKD may be beneﬁcial [7e11].
Long chain n-3 polyunsaturated fatty acid (n-3 PUFA), contained
in fatty ﬁsh and ﬁsh oil, can modify abnormal lipid metabolism [12],
decrease platelet aggregation, and improve endothelium function
[13,14], blood pressure [15], heart rate [16], oxidative stress [17],
and inﬂammation [18]. Intake of approximately 1 g per day of n-3
PUFA is recommended for secondary cardiovascular prevention in
the general population [19], although emerging evidence has
challenged this recommendation [20,21].
Patients with advanced CKD have substantially lower blood
levels of n-3 PUFA compared with the general population, probably
due to lower dietary intake, inﬂammation, malabsorption, metabolic changes, and loss of n-3 PUFA during the dialysis process
[22e24]. This deﬁciency is independently associated with premature cardiovascular disease [25,26]. n-3 PUFA supplementation or
dietary modiﬁcation may therefore be a promising strategy to
improve cardiovascular health in patients treated with hemodialysis [27e29].
In patients with CKD not receiving yet dialysis, n-3 PUFA may
lower the risk of progression to end-stage kidney disease (ESKD) by
reducing blood pressure and inﬂammation, and improving endothelial
function
and
erythrocytes
membrane
ﬂuidity
[13,15,18,30,31].
Existing systematic reviews of n-3 PUFA among patients with
CKD have been restricted to people with ESKD and have largely
focused on dialysis vascular access [32] and transplantation outcomes [33]. We aimed to evaluate the evidence for n-3 PUFA
(supplementation or dietary intervention) on cardiovascular and
all-cause mortality, renal, and transplant outcomes for adults and
children with CKD across all stages.
2. Materials and methods
This systematic review followed a pre-speciﬁed protocol registered in the International Prospective Register of Systematic Reviews (PROSPERO) (registration number: CRD42016038865) and is
reported in accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) checklist [34].
2.1. Data sources and searches
We searched MEDLINE (1946 through January 12, 2018), Embase
(1947 through January 12, 2018), and the Cochrane Central Register
of Controlled Trials (CENTRAL, through issue 1 of 12, 2018), without
language restriction, using search strategies designed by the ﬁrst
author in consultation with two specialist information managers
(Table S1). We also searched reference lists of included studies.
2.2. Study selection
Eligible studies were randomized controlled trials (RCTs) or
quasi RCTs of n-3 PUFA, provided either as ﬁsh (any type of ﬁsh rich
in n-3 PUFA, including salmon, anchovies and sardines, fresh or
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canned) or n-3 PUFA supplementation, compared with placebo,
standard care, or any other treatment. Studies comparing low dose
versus high dose n-3 PUFA supplementation were also eligible.
Children and adults with CKD across all stages were included [35].
Eligible studies reported one or more of the following outcomes:
cardiovascular mortality, all-cause mortality, major cardiovascular
events (including myocardial infarction, stroke, and transient
ischemic attack, either individually or in a composite), dialysis access failure, progression to ESKD, biomarkers of kidney function
(including proteinuria, albuminuria, glomerular ﬁltration rate
[GFR] and creatinine clearance), acute transplant rejection, delayed
kidney transplant function, allograft loss, health related quality of
life (any measure) and adverse effect (including gastrointestinal
effects and bleeding). Primary outcomes were cardiovascular and
all-cause mortality, progression to ESKD, acute transplant rejection
and allograft loss. We did not exclude studies based on follow-up
duration. Two authors (V.S. and A.v.Z.) independently reviewed
all retrieved records for eligibility (titles, abstracts, and full texts
when necessary) using reference management software. Studies
reported in non-English languages were translated before assessment. Uncertainties were resolved in consultation with a third
author (G.W.).
2.3. Data extraction and quality assessment
Data extraction was undertaken by V.S. using standard data
extraction forms. We sought unclear or missing information from
authors where possible. When more than one publication of the
same study was available, reports were grouped together, and all
possible relevant data were extracted. Risks of bias in included
studies were adjudicated independently by V.S. and A.v.Z., using
Cochrane methodology [36]. The evidence certainty related to each
primary outcome was then assessed by V.S. and rated as high,
moderate, low or very low using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach
[37,38].
2.4. Data synthesis and analysis
Dichotomous outcomes (death, major cardiovascular events,
dialysis vascular access failure, progression to ESKD, 50% reduction
in GFR, halving of proteinuria, doubling of serum creatinine, acute
transplant rejection, delayed graft function, allograft loss, and
adverse events) were summarized as relative risk (RR). Continuous
outcomes (GFR, proteinuria [g/24 h], creatinine clearance, serum
creatinine [mmol/L], albuminuria [mg/24 h] and health related
quality of life) were summarized as mean difference (MD) or
standardized mean difference when different scales were used
(SMD, for GFR and creatinine clearance). We considered a SMD of
0.2, 0.5 and 0.8 a small, moderate and large effect, respectively [39].
Change in continuous outcomes (between baseline and end of
treatment) was included in meta-analysis together with end of
treatment values. Continuous outcomes reported as median and
range (or interquartile range) were included in meta-analysis after
conversion of median values into mean and range or interquartile
range into standard deviations [40,41]. Risk estimates were reported with 95% conﬁdence intervals (CI), using random-effects
meta-analysis.
Adverse effects were assessed quantitatively when there were
sufﬁcient data. Data from studies with three different comparisons
of low dose versus high dose n-3 PUFA supplementation versus
placebo were analyzed both for the comparison of high versus low
dose n-3 PUFA supplementation, and n-3 PUFA supplementation
versus placebo (combining data from the two n-3 PUFA supplementation arms). Similarly, data from multi-arm studies of n-3
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PUFA supplementation versus placebo or another treatment were
analyzed for the comparison of n-3 PUFA supplementation versus
placebo and n-3 PUFA supplementation versus other treatment,
taking care not to include participants in an analysis more than
once. We extracted outcome data at the end of the ﬁrst study phase
in cross-over trials.
Statistical heterogeneity was quantiﬁed using a Chi2 test on
n  1 degrees of freedom, with an alpha of 0.05 used for statistical
signiﬁcance, and the I2. An I2 value < 25% was considered to
represent low heterogeneity and >75% as high heterogeneity [42].
Pre-speciﬁed subgroup analyses were conducted to explore potential sources of heterogeneity (age, sex, CKD category, diabetes,
smoking, physical activity, country, sample size, dose and duration
of n-3 PUFA treatment, and study methodological quality), when
signiﬁcant heterogeneity was observed, sufﬁcient data were available (number of studies and reported covariates), and the distribution of pre-speciﬁed covariates differed among studies.
Funnel plots in conjunction with Egger test were performed to
evaluate small study effects when at least ten studies were included
in meta-analysis [43].
Analyses were performed using Review Manager version 5.3.
3. Results
3.1. Study selection
Electronic database and reference searching identiﬁed 922
unique records (Fig. 1). Sixty trials (4129 participants) met the
eligibility criteria [27,28,44e132] (Table 1 and Table S2). Data for
meta-analysis were available in 53 trials (4009 participants).
All included studies examined n-3 PUFA supplementation as the
intervention, with none evaluating the effects of dietary modiﬁcation. Fifty-eight compared n-3 PUFA supplementation with placebo or standard care (3966 participants); two (one of which was a
three arm study; 80 participants) compared high dose versus low
dose of n-3 PUFA supplementation; and three (two of which were
Number of records identified
through systematic search (N=1325)
CENTRAL N=721
MEDLINE N=518
Embase
N=86

three arm studies) compared n-3 PUFA supplementation with
another treatment, vitamin E (2 trials, 60 participants) or Coenzyme Q10 (1 trial, 44 participants).
The duration of treatment and follow-up varied from 1 to 48
months (median, 6 [interquartile range, IQR, 3e12] months). The n3 PUFA supplementation dosage was between 0.4 and 18.0 g per
day (median, 4.0 [IQR 2.6e6] g per day). Studies involved participants from six continents including Europe (45%), North America
(23%) and Asia (23%). Sample sizes varied between six and 567
participants (median, 41 [IQR 30e74]). Twenty studies included
1080 participants with CKD stage 1e5, 24 studies involved 2141
participants treated with dialysis, and 16 studies involved 908 recipients of a kidney transplant. Two studies involved children. The
outcome measures are summarized in Tables S3 and S4.
3.2. Risk of bias and evidence certainty
Study risk of bias is shown in Fig. 2 and Table S5. Studies were
generally at low risk of bias for blinding of participants and investigators (75%) and at unclear risk of bias for most other domains
including random sequence generation (75%), allocation concealment (82%), blinding of outcomes assessment (80%) and selective
reporting (87%). Completeness of outcome reporting was at low
risk in 29 studies (48%), unclear in 9 (15%), and high in 22 (37%).
Thirteen studies (22%) had other sources of bias including abstractonly publication (4 studies), data not extractable for meta-analysis
(8 studies) and sponsor involved in authorship (2 studies). Overall,
the evidence certainty for primary outcomes was rated from low to
very low according to GRADE (Table 2 and Fig. S1).
3.3. Effects of interventions
3.3.1. n-3 PUFA supplementation compared with placebo or
standard care
Low certainty evidence suggested that n-3 PUFA supplementation (median 2.7 g per day) may decrease cardiovascular mortality

Number of additional records identified
through other sources
N=1

Number of records after duplicates removed
N=922

Number of records screened in title and abstract
N=922

Number of articles assessed in full text
N=204

Number of studies included in systematic review
N=60
(in 91 publications, involving 4129 participants)

Number of studies with available data for meta-analysis
N=53 (4009 participants)
CKD stage 1-5
Dialysis
Transplant

N=20 (1005 participants)
N=24 (2125 participants)
N=16 (879 participants)
Fig. 1. Study selection.

Number of records excluded (N=718)
Not chronic kidney disease
N=421
Not examining intervention of interest N=223
Not randomized controlled study
N=74
Number of articles excluded (N=113)
Not chronic kidney disease
Not examining intervention of interest
Not randomized controlled study
Not reporting outcomes of interest

N=9
N=15
N=33
N=56
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Table 1
Summary characteristics of included studies (n ¼ 60).
Characteristic
Publication year

Geographical regiona

Sample size

Trial design
Number of centers

CKD stagea

Proportion male

Age (mean), years

Intervention
Intervention dose (g/d)

Comparisonb

Duration (months)c

N (%)
1989e1994
1995e2000
2001e2006
2007e2012
2013e2018
Europe
North America
Asia
Oceania
Africa
South America
Not speciﬁed
0e50
51e100
101e300
>300
Parallel
Cross over
Single center
Multi center
Unclear
CKD stage 1e5
Hemodialysis
Peritoneal dialysis
Transplant
50
<50
Not speciﬁed
<60
60
Not speciﬁed
EPA þ DHA
EPA
0.4e3
3.4e6
8e18
Placebo/control
No treatment
Other
0e6
6e12
13e24
>24

16 (27)
11 (18)
6 (10)
14 (23)
13 (22)
27 (45)
14 (23)
14 (23)
3 (5)
2 (3)
1 (2)
1 (2)
35 (58)
15 (25)
8 (13)
2 (3)
54 (90)
6 (10)
28 (48)
18 (30)
13 (22)
20 (33)
23 (38)
5 (8)
16 (27)
43 (72)
7 (12)
10 (17)
41 (68)
10 (17)
9 (15)
58 (97)
2 (3)
25 (42)
29 (48)
6 (10)
53 (88)
5 (8)
5 (8)
25 (42)
24 (40)
6 (10)
3 (5)

a
These percentages exceed 100 because one study was conducted both in Oceania and Europe and four studies included both patients treated with hemodialysis
and peritoneal dialysis.
b
Placebo/control (as stated by the authors): 36 studies administered a control oil
(olive [16], corn [10], coconut [4], soy [2], mixture of soybean and corn oil [1],
margarine [1] and unclear if corn or canola oil [2]; two studies administered saline
or parafﬁn; and 14 studies did not specify. Other comparisons include: vitamin E [2
studies; of which, one used vitamin E as placebo, but we considered vitamin E
sufﬁciently different from n-3 PUFA to be analyzed as such; the other one was a
three arms study of n-3 PUFA versus vitamin E versus placebo and was counted also
in the placebo/control group]; and n-3 PUFA low dose [2 studies, of which one is a
three arms study (n-3 PUFA high dose, n-3 PUFA low dose, and placebo) and was
counted also in the placebo/control group]; Coenzyme Q10 [1] in a three arms study
(n-3 PUFA, placebo and Coenzyme Q10) that was counted also in the placebo/control
group. Since three studies were counted twice the total number of studies is 62 and
the percentages exceed 100.
c
For prospective studies (therefore the denominator for the percentage calculation is 57). Abbreviations: EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

(8 trials; 1104 participants; 40 events; RR, 0.44, 95% CI 0.23e0.86;
I2 ¼ 0%) (Table 2, Fig. 3). Data were limited to participants treated
with hemodialysis (7 trials; 1045 participants; 39 events; RR, 0.45,
95% CI 0.23e0.89; I2 ¼ 0%) and one trial involving recipients of a
kidney transplant (Fig. 3).
Low certainty evidence suggested that n-3 PUFA supplementation (median 2.4 g per day) may lead to little or no difference in allcause mortality (15 trials, 1862 participants; 215 events; RR 1.05,
95% CI 0.84e1.33; I2 ¼ 0%) across all CKD categories (Table 2, Fig. 4).
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n-3 PUFA supplementation had uncertain effects on major
cardiovascular events (Table 3). Three studies (567 participants)
evaluated a composite of cardiovascular events among hemodialysis patients ﬁnding a non-signiﬁcant reduction in the
composite outcome (123 events; RR 0.70, 95% CI 0.46e1.06;
I2 ¼ 38%). Three studies (two in transplantation and one in
hemodialysis) reported data on fatal or non-fatal myocardial
infarction, ﬁnding a RR of 0.39 (95% CI 0.15e1.05; 19 events;
I2 ¼ 0%). Data for the outcome of stroke were reported in one
study (206 hemodialysis patients) showing no difference between n-3 PUFA supplementation and control [129]; metaanalysis was not possible.
In very low certainty evidence n-3 PUFA supplementation
appeared to reduce the progression to ESKD in people with CKD not
receiving renal replacement therapy (3 studies; 170 participants;
29 events; RR 0.30, 95% CI 0.09e0.98; I2 ¼ 42%) (Table 2, Fig. S2). n-3
PUFA supplementation resulted in a small increase in GFR
compared to placebo or standard care (15 studies; 764 participants;
SMD 0.22, 95% CI 0.08e0.37; I2 ¼ 0%) (Table 3, Fig. 5), and lower
serum creatinine levels in 14 studies (592 participants; MD 19.42,
95% CI 35.21 to 3.63 mmol/L; I2 ¼ 66%) (Table 3). The effects of n3 PUFA supplementation were uncertain with regards to other
biomarkers of kidney function including proteinuria and creatinine
clearance (Table 3).
n-3 PUFA supplementation had little or no effect on dialysis
vascular access failure (5 trials; 792 participants; 387 events; RR
0.84; 95% CI, 0.61e1.17; I2 ¼ 56%), acute transplant rejection (10
trials; 543 participants; 188 events; RR 0.98, 95% CI 0.80e1.21;
I2 ¼ 0%) or allograft loss (7 trials; 434 participants; 39 events; RR
0.98, 95% CI 0.54e1.81; I2 ¼ 0%) (Table 3, Figs. S3 and S4).
Treatment with n-3 PUFA supplementation had uncertain risks
of commonly reported adverse effects including gastrointestinal
effects (such as bloating, nausea, vomiting and diarrhea) (18 trials;
1455 participants; 103 events; RR 1.14, 95% CI 0.79e1.67; I2 ¼ 0%)
and bleeding (3 trials; 770 participants; 44 events; RR 1.40, 95% CI
0.78e2.49; I2 ¼ 0%) (Table 3, Table S6). In two studies involving 88
hemodialysis patients, n-3 PUFA supplementation resulted in
moderate increases in health related quality of life (SMD, 0.79; 95%
CI, 0.35e1.22; I2 ¼ 0%) (Table 3).
3.3.2. Low dose versus high dose n-3 PUFA supplementation
Two studies compared high dose n-3 PUFA supplementation
versus low dose on renal function. Of these, one was conducted in
CKD stage 1e5 (73 participants) and measured progression to ESKD
and serum creatinine, the other one was conducted in transplant
recipients (40 participants) and measured GFR and creatinine
clearance levels. Neither study reported any treatment differences
[53,75].
3.3.3. n-3 PUFA supplementation compared with other treatments
In two studies among 119 patients treated with hemodialysis, n3 PUFA compared with vitamin E had uncertain effect on all-cause
mortality (RR 2.97, 95% CI 0.49, 18.12; I2 ¼ 0) [49,115]. In one study
among 41 patients with CKD stage 1e5, n-3 PUFA compared with
Coenzyme Q10 had uncertain effect on biomarkers of renal function
such as GFR, serum creatinine, proteinuria and albuminuria [112].
3.4. Subgroup analyses
Potential sources of heterogeneity between studies were
explored for the outcomes of serum creatinine, proteinuria, and
dialysis vascular access failure (Table S7). Subgroup analyses could
not be performed for major cardiovascular events and progression
to ESKD due to insufﬁcient data. For effects on serum creatinine,
there was evidence of treatment interactions with CKD stage and
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Fig. 2. Summary risk of bias in included studies. The risks of bias domains have been evaluated according to the criteria established by the Cochrane Collaboration. The numbers
within the bars show the numbers of trials adjudicated as low, unclear, or high risk of bias for each domain. The selective reporting bias was assessed by comparing the trial
publication with the published protocol or the protocol information reported in the trial registration (e.g. at clinicaltrial.gov) when available; other assessment methods were not
applied as studies were selected based on their reported outcomes. In presence of more than one measured outcome, the summary risks from blinding and incomplete outcome
data were considered high or unclear if the risk was high or unclear for at least one of the reported outcomes. The summary of risks of bias for each primary outcome is illustrated in
Fig. S1.

Table 2
Effect of n-3 PUFA compared to placebo or standard care on primary outcomes.
Outcome

Studies

Participants

Events

Relative risk
(95% CI)

Heterogeneity
(I2)

Certainty of evidence (GRADE)

Comments on downgrading of the
certainty of evidence

Cardiovascular mortality

8

1104

40

0.44 (0.23,
0.86)

0%

Low for dialysis; Very low for
CKD stage 1e5 and
transplantation

All-cause mortality

15

1862

215

0%

Low

End-stage kidney disease

3

170

29

1.05 (0.84,
1.33)
0.30 (0.09,
0.98)

42%

Very low

Acute transplant rejection

10

543

188

0%

Low

Allograft loss

7

434

39

0.98 (0.80,
1.21)
0.98 (0.54,
1.81)

0%

Very low

Study limitations (1 downgrade);
imprecision (1 downgrade);
indirectness (1 downgrade for CKD
stage 1e5 and transplantation).
Study limitations (1 downgrade);
imprecision (1 downgrade),
Study limitations (1 downgrade);
imprecision (1 downgrade);
inconsistency (1 downgrade).
Study limitations (1 downgrade);
imprecision (1 downgrade)
Study limitations (1 downgrade);
severe imprecision, 2 downgrades).

Abbreviations: CI, conﬁdence interval; GRADE, grading of recommendations assessment, development and evaluation [38]; CKD, chronic kidney disease.

Fig. 3. Effects of n-3 PUFA supplementation on cardiovascular mortality.
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Fig. 4. Effects of n-3 PUFA supplementation on all-cause mortality.

geographical area. n-3 PUFA supplementation reduced serum
creatinine levels in transplant recipients, but had insigniﬁcant effects for patients with CKD not requiring dialysis (P ¼ 0.01 for
subgroup difference). The beneﬁts were apparent for patients from
Northern Europe (Denmark, Sweden, France and Netherland) but
not Southern Europe (Italy, Spain and Greece) or other countries

(Australia, Korea and Japan) (P ¼ 0.02 for subgroup difference).
Treatment effects on serum creatinine level were not modiﬁed by
the duration follow-up. For effects on dialysis vascular access failure and proteinuria, the observed heterogeneity was not explained
by pre-speciﬁed covariates which could be assessed in subgroup
analyses.

Table 3
Effect of n-3 PUFA compared to placebo or standard care on secondary outcomes.
Outcome
b

Composite of major cardiovascular events
Fatal or nonfatal myocardial infarction
Nonfatal stroke
Dialysis vascular access failurec
Biomarkers of renal function
Glomerular ﬁltration rate
Serum creatinine (mmol/L)
Creatinine clearance
Proteinuria (g/24 h)
Albuminuria (mg/24 h)
50% reduction in glomerular ﬁltration rate
Doubling of serum creatinine
Halving of proteinuria
Delayed graft function
Quality of lifed
Adverse events
Gastrointestinal effects
Bleeding
Fish aftertaste
a

Studies

Participants

Relative risk or weighted mean differencea (95% CI)

Heterogeneity (I2)

3
3
1
5

567
299
206
792

0.70 (0.46, 1.06)
0.39 (0.15, 1.05)
Not estimable
0.84 (0.61, 1.17)

38%
0%
Not applicable
56%

15
14
16
8
2
2
2
1
2
2

764
592
713
310
76
92
134
30
135
88

0.22 (0.08, 0.37)
19.42 (35.21, 3.63)
0.06 (0.09, 0.21)
0.14 (0.40, 0.13)
55.28 (162.53, 273.08)
0.61 (0.05, 7.98)
0.19 (0.07, 0.53)
Not estimable
1.50 (0.85, 2.66)
0.79 (0.35, 1.22)

0%
66%
0%
49%
0%
81%
0%
Not applicable
0%
0%

18
3
4

1455
770
207

1.14 (0.79, 1.67)
1.40 (0.78, 2.49)
3.57 (0.61, 20.88)

0%
0%
26%

Standardized mean difference for glomerular ﬁltration rate and creatinine clearance.
Composite of any major cardiovascular event including myocardial infarction, stroke, and cardiac death (see Table S4 for deﬁnitions in the included studies).
c
Any dialysis vascular access failure including thrombosis and requirement of radiological or surgical intervention (see Table S4 for deﬁnitions in the included studies).
d
Measured by the Medical Outcome Study 36-Item Short-Form Health Survey and the Kidney Disease Quality of Life-Short Form questionnaire in which higher values
represent better quality of life. Glomerular ﬁltration rate was either measured or estimated. Abbreviations: CI ¼ conﬁdence interval.
b
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Fig. 5. Effects of n-3 PUFA supplementation on glomerular ﬁltration.

3.5. Publication bias
There was no evidence of small-study effects for the outcomes
of all-cause mortality, GFR, serum creatinine, or creatinine clearance (Figs. S5eS8). Data were insufﬁcient to perform funnel plots
for other outcomes.
4. Discussion
In this meta-analysis, we summarized the effect of n-3 PUFA
supplementation on patient-centered outcomes, including cardiovascular and all-cause mortality, renal and transplantation outcomes for adults with CKD. Data for children were sparse. In low
certainty evidence including few cumulative mortality events, n-3
PUFA supplementation may reduce cardiovascular mortality but
may lead to little or no difference in all-cause mortality. Data for
cardiovascular mortality were restricted to hemodialysis. Although
the effect estimate suggested a possible beneﬁcial effect of n-3
PUFA supplementation on preventing ESKD in people with CKD not
yet receiving renal replacement therapy, the evidence certainty was
very low due to reliance on few clinical events. Effects of n-3 PUFA
on acute transplant rejection and allograft loss were uncertain.
There was no evidence that n-3 PUFA supplementation increased
gastrointestinal side effects or bleeding.
To date, randomized controlled trials of n-3 PUFA supplementation in hemodialysis patients have shown cardioprotective effects
on intermediary outcomes including improved lipid proﬁle, heart
rate, and systemic inﬂammation [112,133e135]. Our meta-analysis
adds knowledge to the existing literature suggesting that n-3 PUFA
supplementation (in the magnitude of around 3 g per day) may
reduce the risk of cardiovascular death in patients treated with
hemodialysis. Of note, the observed cardioprotective effect of n-3
PUFA supplementation in this population contrasts with emerging
evidence showing little or no beneﬁts in the general population
[20,21]. In the hemodialysis populations, the pathogenesis of cardiovascular disease differs from the general population and this
may explain the observed different effect [5,6]. However, our
ﬁndings were limited by low evidence certainty as included studies
were small, with very low event rates.

A recent systematic review of RCTs, which assessed the effects of
n-3-PUFA supplementation on dialysis vascular access outcomes,
found beneﬁcial effects on vascular access primary patency but not
on cardiovascular mortality in hemodialysis patients [32]. The
different ﬁndings observed in our study may be attributed to the
inclusion of four additional trials [67,78,93,114], which were
excluded from the other review because not reporting vascular
access outcomes. Our ﬁndings of an apparent cardiovascular
beneﬁt of n-3 PUFA in hemodialysis are consistent with a metaanalysis of RCTs reporting lower incidence of combined fatal and
non-fatal cardiovascular events in hemodialysis patients treated
with n-3 PUFA supplementation compared with placebo. However,
this meta-analysis included fewer studies and did not evaluate
cardiovascular mortality as a distinct outcome [135].
We did not observe increased harms in people treated with n-3
PUFA compared with placebo or standard care, including gastrointestinal effects and bleeding. The observed lack of increased
bleeding is in agreement with a recent systematic review of RCTs
showing that, while n-3 PUFA ﬁsh oil supplementation reduces
platelet aggregation in healthy individuals, this effect is not translated into increased bleeding or blood transfusions during or after
surgery [136]. Bleeding risk is especially relevant in people with
CKD, as they have impaired hemostasis and n-3 PUFA may affect
platelet function and aggregation [13]. However, uncertainty exists
in the evidence from our study due to the small number of studies
reporting bleeding data and the limited number of events.
The apparent cardiovascular beneﬁt and minimal harms of n-3
PUFA supplementation in patients on hemodialysis are promising.
However, larger, longer-term trials are needed to assess the
beneﬁts and harms of n-3 PUFA therapy in this population. A large
international trial (Protection Against Incidences of Serious Cardiovascular Events Study With Daily Fish Oil Supplementation in
Dialysis Patients [PISCES]) is ongoing to assess the effect of n-3
PUFA supplementation on major fatal and non-fatal cardiovascular events in up to 5000 hemodialysis patients [137]. This metaanalysis highlights that evidence is also needed for the effect of n3 PUFA supplementation on cardiovascular complications and
mortality for people with CKD not yet requiring renal replacement
therapy.
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The observed lower progression to ESKD in patients treated
with n-3 PUFA supplementation may be explained by the pleiotropic effects of this agent including blood pressure reduction,
anti-inﬂammatory effects, improved endothelial function, and
alteration of cell membrane ﬂuidity and functionality
[13e15,18,30,31]. However, these ﬁndings are uncertain due to
the small number of studies, low event rates, and the presence of
moderate heterogeneity. Potential sources of heterogeneity
include differing study population, treatment dosage, and duration follow-up, but they could not be adequately explored due to
insufﬁcient data. The observed improvement in some biomarkers
of renal function, such as GFR and serum creatinine, may provide
biological plausibility to the observed reduction in progression to
ESKD.
This review has several strengths. It involved a comprehensive
evaluation of a broad range of clinically relevant efﬁcacy and safety
outcomes in patients with any stage of CKD. It was conducted according to methods outlined by Cochrane, including a systematic
search revised by two specialist trial information managers, and the
rigorous assessment of evidence quality that was incorporated into
conclusions using the GRADE guidelines. Potential limitations
should be also considered. First, we did not assess all core outcomes
identiﬁed by patients, caregivers and clinicians within the Standardized Outcomes in NephroloGy (SONG) initiative, in particular
fatigue in hemodialysis [138], or infection and cancer for people
with a kidney transplant [139]. Second, despite the highly sensitive
search strategy, unpublished studies could have been missed. We
did not observe small-study effects in some analyses, but there was
lower power in these assessments for the key mortality and cardiovascular end-points.
In conclusion, n-3 PUFA supplementation may decrease cardiovascular mortality in patients treated with hemodialysis and it
is uncertain whether it reduces the progression to ESKD in patients with CKD not yet receiving renal replacement therapy. High
quality trials adequately powered for these clinical outcomes are
needed to assess efﬁcacy and safety of n-3 PUFA therapy in these
populations.
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