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Abstract

Objective Atherosclerosis, which causes cardiovascular disease, is a major cause of death in hemodialysis

(HD) patients. Eicosapentaenoic acid (EPA), an anti-hyperlipidemic agent, is known to have antioxidative or

anti-inflammatory effects, resulting in improvements in atherosclerosis. In the present study, we examined

whether EPA improves the all-cause mortality in patients receiving regular HD therapy.

Methods We enrolled 176 patients treated with maintenance HD therapy and performed a longitudinal ob-

servational cohort study for three years. We divided the patients into two groups based on whether or not the

received EPA treatment [EPA(+) and EPA(-), respectively]. The primary end-point was all-cause death. We

also matched the two groups using propensity score matching and examined the effect of EPA.

Results Before matching, the all-cause mortality rates were 24.0% in the EPA(+) and 11.8% in the EPA(-)

groups, which were significantly different (p=0.044). After propensity score matching, the EPA(+) group still

showed a significantly better prognosis than the EPA(-) group (p=0.038). A multivariate analysis showed that

EPA treatment significantly reduced the risk of all-cause mortality both before and after propensity score

matching.

Conclusion EPA treatment is independently associated with lower mortality in HD patients.
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Introduction

Cardiovascular disease (CVD) remains one of leading

causes of mortality in patients with end-stage renal dis-

ease (1). Although traditional risk factors, such as old age,

smoking, hypertension, and diabetes mellitus, are fairly

common in maintenance hemodialysis (HD) patients, hyper-

lipidemia is less common in the population (2). The cause(s)

of atherosclerosis in HD patients are complicated, but the

accumulation of atherogenic lipoproteins in the plasma

could be one of the risk factors (3). Further, oxidative stress

is elevated in the HD population compared with healthy

controls, which may contribute to the high levels of CVD

mortality (4). It is possible that remnant lipoproteins and

oxidized low-density lipoprotein (LDL) play a key role in

the acceleration of atherosclerosis (5). An imbalance in oxi-

dative stress and the generation of reactive oxygen species

(ROS) can be caused by several factors, such as a loss of

antioxidants by HD, or interaction with the dialysis mem-

brane (6).

Polyunsaturated fatty acids (PUFA) of fish oil origin, es-

pecially eicosapentaenoic acid (EPA), have been used to

treat or prevent hyperlipidemia. Further, EPA has been re-

ported to have several protective roles, such as attenuating

lipid metabolism, lowering blood pressure, improving the

vascular endothelial function, reducing neutrophil and mono-

cyte cytokine production and inhibiting thrombogenesis and

the inflammatory response (7-10). EPA also upregulates the

expression of antioxidant enzymes, downregulates genes as-

sociated with the production of ROS, and suppresses the

production of oxidative stress by decreasing the production
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of pro-inflammatory cytokines (11, 12). The inhibitory role

of EPA on the progression of atherosclerosis may be benefi-

cial for decreasing the morbidity due to CVD in the HD

population. Ando et al. reported that oral administration of

EPA effectively reduced both the plasma remnant lipopro-

teins and oxidative LDL levels in HD patients (5). However,

the potential benefits of administering EPA to the HD popu-

lation remain unclear. One reason may be that EPA is not

administered to many HD patients, because most of them do

not show hyperlipidemia. In the present study, we evaluated

whether EPA has a beneficial effect on the all-cause mortal-

ity in patients receiving regular HD therapy.

Materials and Methods

This was a longitudinal observational cohort study con-

ducted over a period of three years from January of 2008 to

December of 2011 (mean follow up, 36.9±9.2 months). We

enrolled 176 patients treated with maintenance HD therapy

(HD duration >3 months) at Tokyo Women’s Medical Uni-

versity Hospital (Tokyo, Japan) and Tsuruta Clinic (Tokyo,

Japan). All of the patients provided written informed consent

before their enrollment in the study. Of these patients, those

undergoing combination treatment comprising HD and peri-

toneal dialysis or immunosuppressive therapy, those with

significant infections or clinically apparent malignancy, and

patients younger than 20 or older than 85 years old were ex-

cluded. We also excluded the patients who underwent renal

transplantation or moved to other dialysis centers for any

reason.

We divided the patients into two groups based on whether

they received EPA treatment [EPA(+) and EPA(-) groups].

Basically, the EPA prescription was started for most patients

to treat mild hyperlipidemia, but for some patients, it was

prescribed due to the high viscosity of circulating blood.

The dose of EPA was 1,800 mg daily. The amount of EPA

was reduced to 600 mg or 1,200 mg daily in three patients

in the EPA(+) group, but none of the patients stopped taking

EPA during the observation period. The patients in the

EPA(-) group did not have an EPA prescription during the

follow-up period.

The causes of uremia in the HD patients were chronic

glomerulonephritis (n=101), diabetes mellitus (n=29), neph-

rosclerosis (n=7), polycystic kidney disease (n=13) and other

diseases, including diseases with unknown causes (n=26).

The patients underwent stable maintenance HD three times a

week. HD was performed with single-use hollow-fiber dia-

lyzers equipped with modified cellulose-based or polysul-

fone membranes at a blood flow rate of 150-300 mL/min

and a dialysate flow rate of 500 mL/min. The dialysate solu-

tion contained Na+ (140 mmol/L), K+ (2.0 mmol/L), Ca2+

(1.5 mmol/L) and HCO3
- (30 mmol/L). Regular heparin was

used for the treatment.

The primary endpoint of the study was all-cause death.

The clinical profiles and analytical data for the patients were

collected from hospital records. Blood samples for hemato-

logical and biochemical analyses were collected after at least

10 hours of fasting, just before the first HD session of the

week, and were tested in the laboratory at SRL (Tokyo, Ja-

pan). A paired t-test or the Mann-Whitney U-test was used

to compare parametric or non-parametric data from the he-

matological and biochemical analyses, respectively. The Chi-

square test was used to compare categorical data such as the

sex ratio, primary disease, complications, etc. The survival

rate was analyzed using Kaplan-Meier curves and the log-

rank test. Hazard ratios (HRs) for all-cause mortality were

determined using a multivariate Cox proportional hazards re-

gression analysis.

In order to assemble a cohort of patients for comparisons

between groups, propensity score matching was performed.

The following covariates were used to match the patients:

age, gender, dialysis vintage, diabetes mellitus status, and

the hemoglobin, albumin, Ca, P, ferritin, and C-reactive pro-

tein levels. Matching was performed using a 1:1 matching

protocol without replacement (Greedy matching algorithm)

with a caliper width equal to 0.2 of the standard deviation

(SD) of the logit of the propensity score. The data in the

text, tables, and figures are basically expressed as the means

± SD. A value of p <0.05 was considered to be statistically

significant. All analyses were performed using the JMP

11.2.0 software program (SAS Institute, Cary, USA).

Results

Table 1 shows the characteristics of the participants in the

EPA(+) and EPA(-) groups. The baseline characteristics of

matched patients (n=49 in each group) are also shown in Ta-

ble 1. After matching, there were no significant differences

in the clinical data, primary disease, complications, or medi-

cations between the two groups, except for the use of anti-

platelet agents. The laboratory data at the start of the obser-

vational period are shown in Table 2. Except for the serum

ferritin levels, there were no significant differences in any of

the hematological or biochemical factors between the two

groups. There was also no significant difference observed in

the serum triglyceride or total cholesterol level between the

two groups. Before matching, 30 (24%) and six (11.8%) of

the patients in the EPA(+) and EPA(-) groups (respectively)

had died. After matching, six (12.2%) patients in the EPA(+)

group and 13 (26.5%) patients in the EPA(-) group had

dead. Table 1 shows the numbers of cardiovascular-,

cerebrovascular-, and other deaths in each group. There was

a significant difference in the all-cause mortality between

the two groups both before and after matching (Figure).

Next, we performed a multivariate analysis that included

several important prognostic factors, such as age, the pres-

ence of diabetes mellitus, serum hemoglobin levels, serum

albumin levels, serum calcium levels, serum phosphate lev-

els, serum ferritin levels, and the serum C-reactive protein

levels. After adjustment, the EPA(+) group still showed a

significant reduction of the HR for all-cause mortality com-

pared to the EPA(-) group both before and after matching
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Table　1.　The Basal Characteristics of the Hemodialysis Patients with and without Eicosapentaenoic 
Acid (EPA) Supplementation.

(Table 3). These findings indicate that EPA administration

was independently associated with lower mortality in HD

patients.

Discussion

In the present study, we investigated the effects of EPA

on the all-cause mortality of HD patients. There were sev-

eral previous reports that described the beneficial effects of

PUFA on the mortality from CVD in non-HD popula-

tions (13, 14). Intervention trials also demonstrated the pre-

ventative effects of PUFA on CVD events (15). Despite the

high incidence of CVD, the severity of hyperlipidemia is

generally mild in HD population, resulting in a low fre-

quency of administration of anti-hyperlipidemic agents.

Kunter et al. reported that fish oil did not lead to a signifi-

cant reduction in the CVD deaths in HD patients (16). In

another study, PUFA supplementation significantly reduced

the incidence of myocardial infarction in HD patients (17).

A new finding of the present study is that EPA treatment

was associated with reduced mortality in the HD population,

even when there was no significant differences in the serum

lipid levels between the EPA(+) and the EPA(-) groups.

Several mechanisms may contribute to the beneficial ef-

fects of EPA for reducing the all-cause mortality in HD pa-

tients. In an in vivo study, EPA reduced the severity of

warfarin-induced arterial medial calcification in rats (18).

EPA reduces the serum remnant lipoprotein and oxidative

LDL in HD patients, suggesting that it has an antioxidative

role (5). EPA attenuates the infiltration and activation of in-

flammatory cells in atherosclerotic lesions (19).

EPA and docosahexaenoic acid (DHA) are two different

types of PUFA. Hamazaki reported that HD patients with

higher levels of DHA in their red blood cells showed a bet-

ter prognosis than those with lower levels (20). It remains to

be determined which of the PUFAs is more effective for re-

ducing mortality in HD patients. However, it is likely that

not only the anti-hyperlipidemic effects, but also the antioxi-

dative and anti-inflammatory effects of PUFAs have a bene-

ficial impact on the mortality of HD patients.

The administration of EPA has some advantages com-

pared to other agents, such as fibrates or statins. Fibrates

strongly reduce the serum triglyceride-rich lipoprotein levels

because they stimulate the catabolism of VLDL (21). How-

ever, using these agents for HD patients is not recommended

because of the various adverse effects associated with their
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Figure.　The Kaplan-Meier estimates of the all-cause mortal-
ity at 45 months for HD patients with or without eicosapentae-
noic acid (EPA) treatment. (A) The patients were divided into 
two groups based on their EPA use. No propensity score match-
ing was performed (pre-matching). (B) The patients in the two 
groups were matched using propensity score matching and the 
all-cause mortality was examined (post-matching).

Table　2.　The Laboratory Data of the Participants at Entry into the Study.

use (22). Statins have been shown to decrease the mortality

and CVD events in people with early stages of CKD, but

have little or no effect on the HD population, and have un-

certain effects in kidney transplant recipients (23). The de-

tailed relationships among the plasma cholesterol level, cho-

lesterol reduction, the use of statins, and the reduction of

CVD have not been proven in the HD population (24).

Thus, although fibrates and statins are not indicated for HD

patients without hyperlipidemia, EPA or DHA supplementa-

tion may be suitable for treating milder disorders of lipid

metabolism because of their rare induction of adverse reac-

tions.

Despite the novel findings, the present study suffers from

several limitations. First, there was a wide range of pre-

study HD history and EPA administration prior to the study,

although the duration of pre-study HD was adjusted as a co-

variate. Second, the number of patients who died in each

disease category was not sufficiently large to separately cal-

culate the effects of EPA. Third, the present study included

only two HD centers, so the results may not translate to

other centers. For example, Japanese subjects have a higher

dietary intake of fish compared to those in the USA and

northern Europe (25), and this may have affected the find-

ings.

In conclusion, EPA treatment is independently associated

with lower mortality in HD patients. Further studies, such as

a large clinical trial, will be needed to determine whether
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Table　3.　The Results of the Multivariate Cox Analysis for All-Cause Mortality.

HD patients should receive EPA treatment to obtain a better

prognosis.
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