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Abstract
Objective: Hemodialysis patients with chronic kidney disease often exhibit inflammation characterized by elevated levels of 
C-reactive protein, Interleukin 6 and tumor necrosis factor-alpha, and they are shown to be associated with cardiovascular 
impairment and enhanced renal failure. This study aims to assess the impact of fish oil intake on inflammation indicators in 
adult hemodialysis patients.
Methods: From the inception to December 2023, the datasets Cochrane Central, Google Scholar, Science Direct, Embase, 
and Pubmed were examined. Two authors independently searched, selected, and screened the literature. The pooled 
results are represented by weighted mean difference (WMD) with 95% confidence intervals. To investigate the causes of 
heterogeneity, subgroup analysis was done. Sensitivity analysis was then used to evaluate the validity of the combined findings.
Results: Thirteen randomized control trials studies were included. The pooled results showed that fish oil supplementation 
caused a significant reduction of the C-reactive protein level (WMD, −2.92 mg/L; 95% Confidence interval, −5.23, to −0.61; 
p = 0.01; I2 = 99%), especially in patients with baseline C-reactive protein ⩾5 mg/L (WMD, −4.39 mg/L; 95% Confidence 
interval, −5.93 to 2.85; p < 0.00001; I2 = 33%). Subgroup analyses showed that C-reactive protein baseline level (C-reactive 
protein <5 mg/L) was the main source of heterogeneity. Fish oil intake may not reduce the level of Interleukin 6 (WMD, 
−2.26; 95% Confidence interval: −19.61 to 15.09; p = 0.80; I2 = 93%), nor will it reduce the level of tumor necrosis factor-
alpha (random model: WMD, −2.51; 95% Confidence interval: 6.08 to 1.06; p = 0.17; I2 = 98%).
Conclusion: Hemodialysis patients, especially those with C-reactive protein > 5 mg/L, responded to fish oil supplementation 
to reduce their C-reactive protein level; however, Interleukin 6 and tumor necrosis factor-alpha levels did not appear to be 
affected.
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Introduction

With an estimated prevalence of 8–16%, chronic kidney dis-
ease (CKD) is a massive public health issue, having a surge 
in incidence globally.1 Kidney disease has been ranked as the 
12th most common cause of death, being responsible for 
1.1 million deaths globally according to the 2015 Global 
Burden of Disease Study.2 It often involves a progressive 
loss of kidney function necessitating renal replacement ther-
apy (dialysis or transplantation), and the condition is called 
end-stage renal disease (ESRD). Patients with CKD, particu-
larly those with ESRD and undergoing maintenance dialysis 
therapy have been shown to have chronic inflammation with 
severely elevated cytokines, proinflammatory markers, and 
oxidative stress mediators. Particularly those of importance 
are C-reactive protein (CRP), Interleukin 6 (IL-6), and tumor 
necrosis factor-alpha (TNF-α), as these factors are associ-
ated with cardiovascular impairment and enhanced renal 
failure.1 These individuals also have a 2–3 times higher risk 
of death due to cardiovascular diseases (CVD) compared 
with the general population.3

There is evidence that patients with high-stage CKD have 
lower levels of n−3 polyunsaturated fatty acids (PUFAs) in 
their blood than the general population, possibly due to a lower 
dietary intake of n−3 PUFAs, as well as changes in metabolic 
processes, inflammation, loss of n−3 PUFAs, and malabsorp-
tion during dialysis.4 The omega-3 fatty acids are known to 
reduce the risk of developing of ESRD as they reduce platelet 
aggregation, restore impaired lipid metabolism, modulate 
blood pressure, and reduce inflammation and oxidative stress.5 
When supplemented with 1.3 gm of fish oil daily, they can 
improve outcomes by reducing inflammatory markers in 
hemodialysis patients, such as CRP, TNF-α, and IL-6.6 
Evidence shows that fish eaters who were also on maintenance 
hemodialysis had a reduction in cardiovascular events, which 
may be due to fish oil’s high content of omega-3 fatty acids.7

We did a meta-analysis to see the effects of consuming 
fish oil on inflammatory markers to assess if there was 
mechanistic probability that its use can improve CV out-
comes. Study objectives include investigating the effective-
ness of fish oil on patients who are undergoing hemodialysis 
and plotting levels of inflammatory markers in response to 
fish oil supplementation.

Methods

Literature search and strategy

This systematic review and meta-analysis was performed 
according to the preferred reporting items for systematic 
review and meta-analyses (PRISMA) guidelines.8 The litera-
ture from PubMed, EMBASE, Google Scholar, Science 
Direct, and Cochrane Library databases from their inception 
to December 2023 was systematically searched using an 
extensive search strategy, shown in the Supplemental mate-
rial Table 1. The following MeSH terms were used: renal 

replacement therapy, renal dialysis, hemodiafiltration, hemo-
filtration, dialysis solutions, renal insufficiency, omega three 
fatty acids, docosahexaenoic acid (DHA), eicosapentaenoic 
acid (EPA), fish oil, tumor necrosis factor alpha, IL-6, and c 
reactive protein. In addition, we manually screened the refer-
ence list of retrieved trials, previous meta-analyses and review 
articles to identify any relevant studies.

Study selection

The following eligibility criteria were used to select studies: 
(a) published randomized controlled trials (RCT) with a fol-
low-up of at least 2 months; (b) adult male or female patients 
undergoing hemodialysis; (c) fish-oil or ω-3 fatty acid being 
compared with placebo or plant-derived oil; and (d) change 
in inflammatory markers in each group before and after the 
intervention, including CRP, IL-6 or TNF-α. Exclusion of 
patients who were undergoing peritoneal dialysis or hemodi-
alysis due to acute kidney injury was implemented.

Data extraction and quality assessment

Using the Endnote Reference library, duplicate articles were 
identified and removed from the articles retrieved through 
the systemic search. Observational studies, review articles, 
conference extracts, editorials, case reports or series, and 
non-English studies were excluded. Two separate reviewers 
carried out a thorough evaluation of the remaining articles. 
Only those trials that fulfilled the predetermined criteria 
were chosen. Initially, the shortlisting of the trials was based 
on their title and abstract, followed by a thorough review of 
the full articles to ensure their relevance. A third investigator 
was consulted to resolve any discrepancies. From the final-
ized trials, the following outcomes were extracted: change in 
CRP levels; change in IL-6 levels; and change in TNF-α lev-
els. The risk of bias was assessed using the Cochrane Risk of 
Bias tool 2.0 (Cochrane Collaboration) for assessing RCTs.9

Statistical analysis

For the meta-analysis, the Cochrane Review Manager soft-
ware RevMan 5.4.1 (Cochrane Collaboration) was used to 
perform the statistical calculations. The meta-analysis was 
performed using the Inverse–Variance random effects model. 
The difference between arithmetic means with a 95% confi-
dence interval was used to measure effect size, and a p-value 
of <0.05 was considered significant. As the study by Ruperto 
et  al. did not report SD of change from baseline, we first 
calculated the correlation coefficient (R) using another 
study’s which had reported its results in considerable detail 
and then computing them in the following formula: [(SD 
baseline)2 + (SD final)2 − (SD change)2]/[2 × SD base-
line × SD final].10 The R was calculated to be 0.5. Following 
that, we calculated the SD of change using the formula: [(SD 
baseline)2 + (SD final)2 − (2R × SD baseline × SD final)]½.10 
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Publication bias was checked using funnel plots and asym-
metry tests (Begg’s test and Egger’s test).11 When the p-value 
of either Egger’s test or Begg’s test was less than 0.05, pub-
lication bias was considered significant. Heterogeneity was 
analyzed using the Chi-square test and the inconsistency 
index (I2). According to the Cochrane Collaboration tool, 
heterogeneity was classified as unimportant (0%–40%), 
moderate (30%–60%), substantial (50%–90%), and consid-
erable (75%–100%). A p-value <0.05 was considered sig-
nificant. To ensure the robustness of our findings, we 
conducted a leave-one-out sensitivity analysis when high 
heterogeneity was observed, which involved removing one 
study at a time.

Results

Literature was searched in Cochrane Library, PubMed, 
Google Scholar, Science Direct, and Embase databases. 

Following the removal of duplicates and the evaluation of 
titles and abstracts, 17 articles were screened based on eligi-
bility criteria (Figure 1). Ultimately, a systematic review and 
meta-analysis were conducted on a selected pool of 13 arti-
cles with 767 participants (Table 1).12–24 The focused varia-
bles were comorbidities, CRP baseline levels, publication 
year, follow-up duration, age, and sex ratio. The duration 
period for published studies was from 2007 to 2023. The 
study duration of included studies was 2.5–6 months. The 
mean age of study participants was 52.9 (±15.9) years in the 
fish oil and 57.9 (±7.2) years in the placebo group. Males 
were more dominant than females. Mostly, subjects were 
found with chronic stabilized hemodialysis and diabetes 
mellitus complications. Some RCTs also reported CVD, 
severe vitamin D deficiency (<30 pg/ml), CRP ⩾5 mg/L, 
and albumin ⩽3.9 g/dl as other complications of studied par-
ticipants. In all studies, subjects with hemodialysis were 
treated with EPA and DHA ranging from 1.3 to 3 g as fish oil 

Table 1.  Basic characteristics of the included studies.

Study Study 
design

Country No. of 
patients

Gender 
M/F

Mean age Intervention Control Outcome Duration 
(months)

Ruperto et al.12 RCT Spain 42 A:16/5
B:13/8

A:65.7±16.7
B:67.7±14.6

645 mg DHA 3/week Placebo CRP 2

Valle Flores et al.13 RCT Venezuela 93 A:30/16
B:32/15

A:52.1±8.2
B:49.6±8.3

2.4 g ω-3 (360 mg 
EPA + 240 mg DHA)

Paraffin oil CRP, IL-6, 
TNF- α

3

Zakaria et al.14 RCT United States 40 A:12/8
B:11/9

A:50.25±14.44
B:46.40±15.62

3 soft gel capsules (each 
capsule 203 mg
EPA and 148 mg 
DHA) + 100 mg wheat 
germ oil (0.255 mg vitamin 
E)

Placebo CRP 4

Asemi et al.15 RCT Iran 120 A:20/10
B:20/10

A:55.2±17.0
B:59.9±15.7

1.25 g ω-3 (600 mg EPA, 
300 mg DHA and 350 mg 
of other
w-3 fatty acids)

Placebo CRP 3

Harving et al.16 RCT Denmark 162 A:55/28
B:51/28

A:65.5±11
B:68±11

1.7 g ω-3 (45% EPA and 
37.5% DHA)

Olive oil CRP 3

Lee et al.17 RCT Korea 15 A:2/6
B:3/4

A:60.0±7.3
B:64.4±8.5

2.4 g ω-3 + Vit D Olive oil—
Vit D

CRP 3

Gharekhani et al.18 RCT Iran 45 A:13/12
B:12/8

A:56.8±13.09
B:57.2±15.19

1.8 g ω-3 (0.36 g EPA and 
0.24 g DHA)

Paraffin oil CRP, IL-6, 
TNF- α

4

Hung et al.19 RCT United States 38 A:14/3
B:13/4

A:50 (38,58)
B:53 (45,65)

2.9 g ω-3 (EPA+DHA) Placebo CRP, IL-6, 
TNF-α

3

Daud et al.20 RCT United States 63 A:20/11
B:12/20

A:59±13
B:58±13

30 ml liquid protein + 
2.4 g ω-3 3/week (1.8 g 
EPA + 0.6 g DHA)

Protein – 
olive oil

CRP 6

Kooshki et al.21 RCT Iran 34 A:10/7
B:11/6

A:50±18
B:50±17

2.08 g ω-3 (4 capsules, 
each containing 310 mg 
EPA and 210 mg DHA)

MCT oil CRP, IL-6, 
TNF- α

2.5

Bowden et al.22 RCT United States 33 A:11/7
B:8/7

A:57.2±12.8
B:64.3±14.2

3 g fish oil supplement 
(0.96 g EPA + 0.6 g DHA)

Corn oil CRP 6

Saifullah et al.23 RCT United States 23 A:11/4
B:7/1

A:58±12
B:57±14

1.3 g (EPA + DHA) Soybean/
corn oil

CRP 3

de Lima et al.24 RCT Brazil 59 36/23 54±11 2 g ω-3 (0.36 g EPA + 
0.24 g DHA)

Placebo CRP 2

A: Fish oil; B: Placebo; CRP; c-reactive protein; IL-6; interleukin-6; RCT: randomized controlled trial; TNF-α: tumor necrosis factor alpha; w-3: omega-
three fatty acids.
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supplementation. The control group was treated with pla-
cebo or paraffin oil, olive oil, corn oil, MCT oil, olive oil + 
vitamin D, and protein + olive oil. The CRP level as the 
main outcome was reported in all studies. Nonserious 
adverse events such as inability to swallow pills, fishy taste, 

and mild transient gastrointestinal disturbances were com-
monly reported.

By comparing different studies, this meta shows that CRP 
level decreases significantly by using fish oil supplementa-
tion (WMD, −2.92 mg/L; 95% CI: −5.23 to −0.61; p = 0.01; 

Figure 1.  Flow diagram of literature search and study selection.
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I2 = 99%) (Figure 2). Heterogeneity sources and fish oil 
effects on specific subpopulation was determined by further 
analyzing the subgroups. Subgroup analysis revelaed that 
CRP levels significantly decrease in patients with baseline 
CRP ⩾5 mg/L (WMD, −4.39 mg/L; 95% CI: −5.93 to 2.85; 
p < 0.00001; I2 = 33%), as compared to those with a lower 
CRP baseline level (Figure 2). The main source of heteroge-
neity in studies with CRP baseline level <5 mg/L was 
observed in the studies by Kooshki et  al.21 and de Lima 
et  al.24 (Supplemental material file). While comorbidity 
(albumin ⩽3.9 g/dl and/or chronic inflammation) and dura-
tion to follow-up (<3 months) were the potential heteroge-
neity sources (Figure 2). Publication bias was statistically 
insignificant (p-value for Egger’s regression test: 0.727).

Overall, four studies reported the IL-6 levels with no 
effect of fish oil supplementation [WMD: −2.26 ng/L (95% 
CI: −19.61 to 15.09); p = 0.80; I2 = 93%] (Figure 3). 
Publication bias was statistically insignificant (p-value for 
Egger’s regression test: 0.367). Only three studies reported 
the TNF-α levels and suggested that TNF-α levels do not 
reduce with fish oil supplementation [WMD: −2.51 ng/L 
(95% CI: 6.08–1.06); p = 0.17; I2 = 98%] (Figure 4). 
Publication bias was statistically insignificant (p-value for 
Egger’s regression test: 0.12). Sensitivity analyses were 
removed in each study and showed that there is no change in 
pooled results (Supplemental material file).

Quality assessment

For the quality assessment using the Cochrane tool for 
assessing the risk of bias in RCTs, 9 out of 11 studies were at 
low risk of bias, 3 had a moderate risk, and one was of high 
risk. Other than that, 11 studies are at low risk of random 
sequence generation. Eight are at low risk for allocation con-
cealment. Eleven are at a low risk of performance bias and 
detection bias. Nine are at low risk of attrition bias (Figure 5 
and Supplemental material Figure 1).

Discussion

This pooled analysis of 13 RCTs gathered data from 767 par-
ticipants treated with omega-3 fatty acids supplements or 
fish oils. We found that supplementation with either fish oil 
or omega-3 fatty acids supplements in patients with CKD, 
undergoing hemodialysis, is associated with reduced levels 
of CRP, whereas this association was not found with IL-6 
and TNF-α. The results were consistent with a previous 
meta-analysis carried out by Zhou et  al.25 These findings 
support a promising role for increased supplementation of 
omega-3 or fish oil for decreasing inflammatory markers like 
CRP in patients with CKD.

In ESRD patients, there is evidence that proinflammatory 
cytokines are involved in malnutrition and CVD pathogene-
sis.26,27 In terms of cardiovascular events, these cytokines are 

Figure 2.  Forest plot for CRP.
CI: Confidence interval; CRP: C-reactive protein; IV: inverse variance.
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more prognostic than traditional risk factors.28 Chronic 
hemodialysis patients experience inflammation for a wide 
variety of reasons, some of which include infections of grafts 
or fistulas, bioincompatible dialysis membranes, dialysate 
exposure, endotoxins, back filtration, chronic infections, and 
malnutrition.29,30

The level of CRP increases during the inflammatory pro-
cess, with the plasma concentration fluctuating by at least 
25%.31,32 The level of CRP in the blood, which is provoked 
by IL-6, is a predictor of cardiovascular morbidity and death 
in hemodialysis patients.33–36 CRP has been shown to bind to 
injured cell membranes, such as infarcted heart tissue, and 

participate in local complement activation, causing further 
damage, for example, to heart tissue.37 TNF-α and IL-6 are 
key cytokines that are implicated in both acute and chronic 
inflammation and lead to cardiovascular morbidity and mor-
tality in predialysis and dialysis patients.38,39 Furthermore, 
plasma levels of IL-6 are a better predictor of death in dialy-
sis patients with CKD than other inflammatory markers.27,40

Several mechanisms have been proposed to explain how 
EPA and DHA found in fish oil can reduce inflammation in 
the body. Early studies have shown that EPA and DHA can 
inhibit the production of IL-6 and IL-8 by human endothelial 
cells when stimulated by endotoxins.41 Additionally, EPA or 

Figure 4.  Forest plot for TNF-α.
CI: Confidence interval; TNF-α; tumor necrosis factor alpha; IV: inverse variance.

Figure 5.  Risk of bias for included randomized controlled trials in the study.

Figure 3  Forest plot for IL-6.
CI: Confidence interval; IL-6; Interleukin 6; IV: inverse variance.
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fish oil can inhibit endotoxin-induced TNF production by 
cultured monocytes.42 Fish oil has been shown to reduce the 
production of inflammatory cytokines and down-regulate the 
expression of genes associated with inflammation (via 
NFκB, PPAR-γ, GPR120 etc.).43 Moreover, enzymatic oxi-
dation of EPA and DHA can produce resolvins and protec-
tins, which help with inflammation resolution; however, 
studies have shown that to achieve this mechanism, omega-3 
fatty acid concentrations as high as 3 g may be needed.44

A prior meta-analysis found that fish oil supplementation 
significantly lowered CRP levels in trials with baseline CRP 
levels of more than 5 mg/L (WMD −4.43 mg/L; 95% CI: 
−6.10 to −2.76. p = .00001: p = 41%), which is similar with 
our pooled findings.25 This meta-analysis supports the con-
clusion that supplementing fish oil to reduce CRP levels is an 
effective strategy when CRP is greater than 5 mg/dl at base-
line. This meta-analysis also demonstrates consistent find-
ings for TNF-α and IL-6 levels after fish oil consumption. 
Nevertheless, we included the results by Ruperto et al.12 to 
explore the effects of fish oil on CRP (13 RCTs), IL-6 (4 
RCTs), and TNF-α (3 RCTs). Subsequently, to explore the 
sources of heterogeneity, subgroup, and sensitivity analysis 
was conducted.

Our meta-analysis is in agreement with a recent meta-
analysis done by Liu et al, in that it showed decreased levels 
of CRP by omega-3 supplementation, but it failed to show a 
significant decrease in TNF-α levels as demonstrated by de 
Abreu et al.45 Another study which used vegetable and other 
dietary sources with high levels of alpha-linolenic acid 
(ALA) in CKD patients going through dialysis also showed 
that CRP levels were significantly reduced after the interven-
tion.46 There are several possible reasons that could have 
influenced the outcome, including the number of patients 
who were studied, the duration of the treatment, the dose of 
omega-3 fatty acids that were used (including the ratio of 
EPA/DHA), and the baseline level of inflammation markers. 
It is also possible that the patient’s current medical condition 
or other treatments they were receiving could have affected 
the outcome.

In terms of inflammatory biomarkers, this meta-analysis 
found conflicting results from numerous RCTs, showing that 
fish oil was not significantly different from the control. A 
nonsignificant increase in CRP levels was reported by 
Zakaria et al.14 in the fish oil and control groups, the control 
group being higher. According to Asemi et al.15 and de Lima 
et al.,24 omega-3 fatty acid supplements did reduce CRP lev-
els, but the drop was not significant compared to the placebo 
and alpha-tocopherol groups. In a study by Harving et al.,16 
omega-3 fatty acid supplementation did not significantly 
affect the level of CRP after 3 months. It is possible that, 
since Ruperto et  al.’s12 study followed the two groups for 
only 8 weeks, they failed to detect any significant difference 
in s-CRP levels between the treatment and control groups 
despite substantial declines in the treatment group. Lee 
et al.17 observed that 3 months of n−3 PUFA supplementation 

increased mean CRP in the omega-3 fatty acid group while 
decreasing mean CRP in the placebo group. Hung et al.’s19 
study found that the average CRP levels in the placebo group 
were higher than those in the treatment group; however, the 
CRP level difference between the two groups was not statis-
tically significant. Additionally, there was no noteworthy 
shift in IL-6 levels from baseline levels. During the 6-month 
study conducted by Daud et  al.,20 the omega-3 group had 
lower mean CRP levels compared to the placebo group, but 
when the median CRP values were taken into account, the 
differences between the two groups were not statistically sig-
nificant. Kooshki et al.21 found that there were no significant 
variations in the serum concentrations of CRP, TNF-α, and 
IL-6 in either group over time.

According to a quasi-experimental study by Moreira 
et al.,47 low-dose omega-3 didn’t affect CRP in the treatment 
group, but when patients were stratified according to CRP 
tertiles, CRP levels fell in those with higher levels, similar to 
what we observed in our results. Furthermore, in mice with 
adenine-induced CKD, fish oil supplementation significantly 
decreased IL-6, and other pro-inflammatory markers; how-
ever, renal histo-morphological changes such as tubular dila-
tation and interstitial infiltration persisted after treatment, 
indicating it had no significant influence on renal 
function.48

Marine omega-3 fatty acids, which include EPA, DHA, 
and docosapentaenoic acid, among others, is an important 
element found in significant amounts in fish and different 
types of seafood. In a typical fish oil supplement, EPA and 
DHA collectively contribute to roughly 30% of the total fatty 
acid content. Therefore, a standard 1 g fish oil capsule typi-
cally delivers around 0.3 g of EPA + DHA.43 Studies on fish 
oil often fail to take into account the effects of other types of 
fatty acids and do not measure plasma levels. This makes it 
difficult to determine the correct dosage due to the varying 
concentrations and ratios of supplements. It is important to 
conduct more research, with a focus on isolating EPA, DHA, 
and other omega fatty acids, in order to gain a better under-
standing of their specific impacts on inflammation.

Our study has several strengths. Combining the results of 
13 RCTs gave us a large sample size that reduced potential 
effect modifiers that may be present in individual RCTs. Our 
findings are generalizable because we conducted analyses 
across RCTs that included diverse demographic backgrounds 
and had different incident CKD rates. The outcomes of the 
studies were measured in a laboratory setting, which reduces 
the likelihood of bias. To detect any publication bias, funnel 
plots were utilized, and no bias was observed as the plot was 
almost symmetrical.

Our study also has some limitations. There were marked 
differences among baseline levels in individual RCTs and 
measurement of variables occurred once only at baseline and 
then once at follow-up times which could affect the results. 
Follow-up times of the studies were very different as well so 
it cannot be determined whether there is a given time 
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duration at which significant or nonsignificant results are 
obtained. Fish oil intake may have different effects on pro-
inflammatory markers based on gender. A preliminary study 
found men maintained or lowered CRP and IL-6 levels, 
while women increased inflammatory markers; without 
exceeding the reference level.49 In the present meta-analysis, 
no adverse events serious enough to warrant attention were 
identified. Adverse reactions were typically mild, consisting 
of brief episodes of gastrointestinal discomfort, fishy odors, 
and difficulty swallowing pills. Finally, there is minimal 
information available about the impact of omega-3 fatty 
acids on IL-6 and TNF-α levels; IL-6 has only been studied 
in four studies, and TNF-α in three. In light of this, the find-
ings should be regarded with caution. Moreover, this study 
wasn’t registered in PROSPERO.

Conclusion

In our pooled analysis of 13 RCTs with 767 participants, 
higher supplementation of omega-3 fatty acid and fish oil 
was associated with lowering CRP levels resulting in the 
reduced inflammatory effect of CRP in patients with CKD 
on hemodialysis. Two other inflammatory markers, TNF-α 
and IL-6 failed to show significant reductions. Additionally, 
further RCTs and cohort studies are required to prove the 
potential benefits of fish oil supplementation to include this 
in the treatment regimen of CKD patients.
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