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Abstract
It has been demonstrated that regular fish consumption is associated with a reduced mortality from atherosclerotic cardio-
vascular disease (ASCVD). However, data are scarce regarding the correlation between the changes in the serum eicosa-
pentaenoic acid/arachidonic acid (EPA/AA) ratio associated with regular fish consumption and the changes in the serum 
lipid profile variables. This study was designed as a hospital-based longitudinal study to investigate the relationship between 
the changes in the serum EPA/AA ratio and changes of the serum lipid levels in patients with one or more risk factors for 
ASCVD. In 475 patients followed-up for at least 1 year, univariable and multivariable regression analyses conducted after 
adjustments for the risk factors of ASCVD revealed that the absolute change of the EPA/AA ratio (∆EPA/AA ratio) was 
independently and significantly associated with the changes of the serum levels of low-density lipoprotein cholesterol 
(LDL-C) (β = − 0.129, p = 0.005), triglyceride (TG) (β = − 0.108, p = 0.019), non-high-density lipoprotein cholesterol (non-
HDL-C) (β = − 0.149, p = 0.001), and TG/HDL-C ratio, a marker of the LDL particle size (β = − 0.104, p = 0.02), while not 
being correlated with any other lipid parameters. On the other hand, while the ∆ docosahexaenoic acid (DHA)/AA ratio 
was inversely correlated with the changes of the serum HDL-C level and positively correlated with the changes of the TG/
HDL-C ratio, possibly serving to promote development of atherosclerosis. The results suggest that an increase of the EPA/
AA ratio might be associated with decrease of the serum levels of LDL-C, TG and non-HDL-C levels, as well as with an 
increase of the TG/HDL-C ratio, which represents increased LDL particle size, all of which play a role in the development 
of ASCVD. A high EPA/AA ratio, but not DHA/AA ratio, derived from fish consumption might reduce the risk of ASCVD 
through reducing the risk of development of atherosclerosis.
Clinical Trial Registration Information: UMIN (http://www.umin.ac.jp/), Study ID: UMIN000010603.

Keywords  Atherosclerotic cardiovascular disease (ASCVD) · Arachidonic acid · Eicosapentaenoic acid · Coronary artery 
disease (CAD) · EPA/AA ratio · n-3 polyunsaturated fatty acid (n-3 PUFA)

Introduction

Japan ranks very high among the nations in the world in 
terms of dietary fish consumption of the population [1]. 
Regular fish consumption has been correlated with a reduced 
mortality from coronary artery disease (CAD), and it has 
been suggested that the cardioprotective effects associated 
with elevated levels of n-3 polyunsaturated fatty acids (n-3 
PUFAs) associated with fish consumption might have a bear-
ing on the suppression of CAD morbidity in the Japanese 
population [2–5]. The Japan EPA Lipid Intervention Study 
(JELIS) reported a 19% reduction of the risk for CAD after 
long-term use of pure eicosapentaenoic acid (EPA) in Japa-
nese hypercholesterolemic patients [6]. This result suggests 
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that interventions targeting the serum EPA/arachidonic acid 
(AA) ratio could be useful for the prevention of CAD [7].

It has been suggested that measurement of the EPA/AA 
ratio may possibly serve various cardioprotective effects, 
such as anti-inflammatory effect, vascular endothelium func-
tion-improving effect, and inhibition of platelet aggregation 
[8, 9]. However, there are few reports of observational stud-
ies conducted to investigate the mechanisms underlying the 
suppression of ASCVD by elevation of the serum EPA/AA 
ratio, particularly the effect of fish intake-dependent changes 
of the EPA/AA ratio on the serum lipid profile. We therefore 
ventured the hypothesis that the improved serum lipid pro-
file mainly involved in suppressing the risk of ASCVD in 
regular fish eaters might be related to increase of the EPA/
AA ratio associated with such a diet.

The purpose of this study was to examine the relation-
ship of the changes of the serum EPA/AA ratio with the 
changes in the serum lipid profile through a longitudinal 
study approach.

Method

Study design and populations

This study was designed as a hospital-based longitudinal 
study to investigate the relationship between the changes 
in the serum EPA/AA ratio and changes in the serum lev-
els of each important lipid parameter in subjects who were 
available for additional measurements 1 year after their 
participation in our previous study. The study population 
for this study were those subjects from our previous cross-
sectional study [UMIN (http://www.umin.ac.jp/); Study ID: 
UMIN000010603], who underwent follow-up hematologic 
and blood biochemical tests at this institution at least 1 year 
after their participation in the previous study [10, 11].

The criterion for patient registration was the presence of 
one or more risk factors for atherosclerosis. The diagnostic 
criteria for coronary risk factors were as follows: a diagnosis 
of hypertension was made when the systolic pressure was 
≥ 140 mmHg, the diastolic pressure was ≥ 90 mmHg, or the 
patient was taking anti-hypertensive medication. Diabetes 
mellitus (DM) was defined as a fasting plasma glucose con-
centration ≥ 126 mg/dL and an HbA1c ≥ 6.5% or current 
treatment with anti-diabetic agents. A diagnosis of dyslipi-
demia was made when the LDL cholesterol (LDL-C) level 
was ≥ 140 mg/dL, triglyceride (TG) level was ≥ 150 mg/
dL, the high-density lipoprotein cholesterol (HDL-C) level 
was ≤ 40 mg/dL, or if the patient was already taking lipid-
lowering medication. A diagnosis of hyperuricemia was 
made when the serum uric acid level was ≥ 7.0 mg/dL or the 
patient was taking medications. The severity of chronic kid-
ney disease (CKD) was determined based on the estimated 

glomerular filtration rate (eGFR) using the abbreviated mod-
ification of diet in renal disease (MDRD) study equation, 
modified by a Japanese coefficient [12]; CKD was defined as 
eGFR < 60 mL/min/1.73 m2. Obesity was defined as a body 
mass index (BMI) ≥ 25 kg/m2.

Patients were not enrolled if they met any of the follow-
ing exclusion criteria: hepatic dysfunction (alanine ami-
notransferase and aspartate aminotransferase ≥ 2 times the 
upper limit of the normal values), known malignant disease, 
refusal to provide consent for participation in the study, cur-
rent treatment with n-3 PUFAs, or the diagnosis of acute 
coronary syndrome within 3 months prior to the study. The 
Nihon University Surugadai Hospital Ethics Committee 
approved the design and purpose of the study.

Measurement of laboratory parameters

Fasting blood samples were collected early in the morning 
after a 12-h fast. The serum fatty acid levels were measured 
using capillary gas chromatography (SRL Co., Ltd., Tokyo, 
Japan). The serum total cholesterol (TC), HDL-C, and TG 
levels were measured using standard methods. LDL-C lev-
els were estimated using the Friedewald formula [13]. The 
RLP-C level was measured using an immunoadsorption 
assay (SRL). The serum apo and Lp (a) levels were deter-
mined using turbidimetric latex agglutination assays (Daiichi 
Pure Chemicals Co., Ltd., Tokyo, Japan). The malondialde-
hyde-modified LDL (MDA-LDL) level was measured using 
an enzyme-linked immunosorbent assay (SRL). The high-
sensitivity C-reactive protein (hs-CRP) level was measured 
using a nephelometric assay (Behring Diagnostic Marburg, 
Germany).

Statistical analysis

Data were expressed as the mean ± standard deviation for 
continuous variables and as percentages for discrete vari-
ables. For variables with a significantly skewed distribution, 
the data were expressed as the interquartile range. First, we 
investigated the correlations between the absolute change 
in the EPA/AA ratio (∆ EPA/AA ratio) and the ∆ serum 
level of each important lipid parameter, with a view to deter-
mining which specific lipid parameter(s) contributed to the 
improved serum lipid profile associated with the increase 
in the ∆ EPA/AA ratio. We then carried out univariate and 
multivariate analyses of the data to examine the independent 
lipid level-improving effect of the ∆ EPA/AA ratio, using 
the ∆ serum level of each lipid parameter that was identified 
as being correlated with the ∆ EPA/AA ratio as a depend-
ent variable, and the age, gender, risk factors for ASCVD, 
intake of lipid-modifying drugs, ∆ EPA, ∆ DHA, ∆ AA, 
and the ∆ EPA/AA ratio as independent variables. All vari-
ables in which ∆ lipid level correlated was the ∆ EPA/AA 
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ratio at p < 0.05 in the univariable regression analysis which 
were entered into the multivariable model. A p value less 
than 0.05 was considered to indicate statistical significance. 
All the statistical analyses were performed using the SPSS 
software program (SPSS Inc., Chicago, Illinois, USA) for 
Windows (version 12.0.1).

Results

Patients

The patient characteristics and laboratory profile are shown 
in Tables 1 and 2. Among the subjects enrolled in our previ-
ous cross-sectional study [8, 9], 475 subjects who underwent 
follow-up hematologic and blood biochemical tests at least 
1 year after participation in the previous study were enrolled 
in the present study. Of these 475 patients, none had experi-
enced any cardiovascular events during the 1-year interval 
from the previous study.

Univariable and multivariable analyses to verify 
the independent association of the ∆ EPA/AA ratio 
with the ∆ lipid level

Table 3 shows the simple correlations between the ∆ EPA/
AA ratio and the changes in the serum levels of each of the 

important lipid parameters, and the correlation between the 
former and the ∆ TG/HDL-C ratio. While the ∆ EPA/AA 
ratio was found to be inversely correlated with the ∆ LDL-C, 
∆ TG, ∆ non-HDL-C, and the ∆ TG/HDL-C, it showed no 
correlation with any of the other lipid parameters assessed. 
We subsequently carried out four univariate and multivariate 
analyses using the ∆ LDL-C, ∆ TG, ∆ non-HDL-C, and the 
∆ TG/HDL-C ratio as dependent variables, to verify whether 

Table 1   Baseline patient characteristics

BMI Body mass index, Hb hemoglobin, Hb hemoglobin, eGFR esti-
mated glomerular filtration rate, CKD chronic kidney disease, ACEI 
angiotensin converting enzyme inhibitor, ARB angiotensin receptor 
blocker

N = 475

Male/female, n (%) 331 (70)/144 (30)
Age (years) 63.7 ± 12.9
BMI (kg/m2) 24.2 ± 3.8
Hypertension, n (%) 370 (78)
Diabetes mellitus, n (%) 135(28)
 HbA1c (%) 5.96 ± 0.73

Current smoking, n (%) 58 (12)
Dyslipidemia, n (%) 322 (58)
eGFR (mL/min/1.73 m2) 69.5 ± 17.8
CKD stage ≥ 3, n (%) 171 (23)
Number of risk factors 2.7 ± 1.3
Coronary artery disease, n (%) 120 (25)
Concomitant drugs, n (%)
 Anti-platelets 166 (35)
 ACEs/ARBs 266 (56)
 β  blockers 113 (24)
 Calcium channel blockers 282 (60)
 Lipid-modifying drugs 285 (60)

Table 2   Baseline laboratory profile

TC Total cholesterol, LDL low-density lipoprotein, HDL high-density 
lipoprotein, MDA malondialdehyde-modified, Lp lipoprotein, RLP 
remnant-like particle, apo apolipoprotein, hs-CRP hypersensitive 
C-reactive protein, PUFA polyunsaturated fatty acid
a Median; interquartile range in parentheses

N = 475

Lipids
 TC (mg/dL) 194 ± 37
 LDL-C (mg/dL) 108 ± 30
 HDL-C (mg/dL) 57 ± 16
 TG (mg/dL)a 119 (90/147)
 Non-HDL-C (mg/dL) 137 ± 34
 MDA-LDL (U/L) 109 ± 44
 Lp (a) (mg/dL)a 12 (6/25)
 TG/HDL-C ratioa 2.19 (1.47/3.07)

Apolipoproteins
 apo A-1 (mg/dL) 146 ± 30
 apo B (mg/dL) 89 ± 21

Inflammatory markers
 hs-CRP (mg/L)a 0.5 (0.3/1.3)

PUFAs (μg/mL)
 EPAa 63 (40/90)
 DHAa 129 (102/160)
 AA 166 ± 45
 DHA/AA ratioa 0.808 (0.639/1.047)
 EPA/AA ratioa 0.388 (0.248/0.599)

Table 3   Correlation between the ∆EPA/AA ratio and ∆ serum lipid 
levels

R p

∆ LDL-C − 0.152 0.001
∆ HDL-C 0.015 0.744
∆ TG − 0.110 0.017
∆ Non-HDL-C − 0.124 0.008
∆ MDA-LDL − 0.038 0.430
∆ LP(a) 0.007 0.893
∆ apo A-1 0.014 0.763
∆ apo B − 0.046 0.321
∆ RLP-C − 0.056 0.225
∆ TG/HDL-C ratio − 0.115 0.013
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the ∆ EPA/AA ratio could be independently associated with 
the above-mentioned changes of the serum lipid parame-
ters. The results revealed that the ∆ EPA/AA ratio showed 
independent inverse associations with the ∆ LDL-C, ∆ TG, 
and ∆ non-HDL-C. Furthermore, the ∆ EPA/AA ratio also 
showed an independent inverse association with the ∆ TG/
HDL-C ratio as an indicator of the estimated LDL particle 
size (Table 4). Meanwhile, the ∆ DHA and ∆ AA showed a 
trend towards the direction of promoting atherosclerosis in 
univariable regression analysis. 

Figure 1 shows the correlograms of the ∆ EPA/AA ratio 
with the ∆ LDL-C, ∆ TG, ∆ non-HDL-C, and the ∆ TG/
HDL-C ratio.

As seen, the ∆ DHA/AA ratio showed an inverse asso-
ciation with ∆ HDL-C and positive association with the ∆ 
TG/HDL-C ratio (Table 5). Similarly, in univariable and 
multivariable analyses using ∆ HDL-C and the ∆ TG/
HDL-C ratio as dependent variables, the ∆ DHA/AA ratio 
was independently negatively associated with ∆ HDL-C and 
positively associated with the ∆ TG/HDL-C ratio (Table 6).

Discussion

The present longitudinal study revealed the following. 
Changes in the EPA/AA ratio mainly associated with die-
tary fish intake in daily living showed independent inverse 
associations with the changes in the serum levels of LDL-C, 
serum TG, and serum non-HDL-C. The findings suggest that 
increase of the EPA/AA ratio associated with regular fish 
intake was associated with lowering of the serum levels of 
the atherosclerogenic lipids. Furthermore, subjects showing 
elevated EPA/AA ratios also showed an increase of the LDL 
particle size as estimated from the serum TG/HDL-C ratio. 
On the other hand, there was no association of the ∆ DHA/
AA ratio with improvement of the lipid metabolism.

These findings may lend support to the results of the 
Japan Public Health Center-Based (JPHC) Study Cohort 
I conducted in Japanese subjects, which showed that the 
greater the daily dietary fish intake, the lower the incidence 
of myocardial infarction [3]. The conclusions were drawn 
theoretically in this paper, with the sole aim of verifying the 
research hypothesis, so that we cannot conclusively state in 
a strict sense that changes in the EPA/AA ratio contribute 
to improved serum lipid metabolism. Although the duration 
of observation in this study was short, the fact that Japanese 
people, with obviously high fish intake levels, have been 
exposed to this phenomenon for a long period may explain, 
at least in part, the low CAD morbidity rates in the Japanese 
population [14].

Of profound interest was that there was no appreciable 
serum lipid metabolism-improving effect when the assess-
ment was made based on changes in the serum EPA level 

Table 4   Univariable and multivariable analyses to verify the inde-
pendent association of the ∆ EPA/AA ratio with the ∆ lipid level

Univariable Multivariable

Variable r p value β p value

1. Dependent variable: ∆ LDL-C; multiple R = 0.203, F = 9.954, 
p < 0.0001

 Age 0.096 0.036 0.071 0.135
 Male gender 0.001 0.125
 BMI − 0.124 0.008 − 0.106 0.026
 Smoking 0.005 0.911
 Hypertension 0.034 0.463
 Diabetes mellitus 0.039 0.397
 Dyslipidemia 0.012 0.794
 Lipid-modifying drugs 0.049 0.284 – –
 ∆ EPA − 0.032 0.486 – –
 ∆ DHA 0.206 <0.0001 – –
 ∆ AA 0.363 <0.0001 – –
 ∆ EPA/AA − 0.124 0.008 − 0.129 0.005

2. Dependent variable: ∆ non-LDL-C; multiple R = 0.198, 
F = 6.226, p = 0.004

 Age 0.089 0.052
 Male gender 0.072 0.116
 BMI − 0.182 0.006 − 0.134 0.0036
 Smoking 0.011 0.819
 Hypertension 0.054 0.244
 Diabetes mellitus 0.015 0.754
 Dyslipidemia 0.024 0.595
 Lipid-modifying drugs 0.067 0.145
 ∆ EPA − 0.066 0.152 – –
 ∆ DHA 0.092 0.042 – –
 ∆ AA 0.302 <0.0001 – –
 ∆ EPA/AA − 0.152 0.001 − 0.149 0.001

3. Dependent variable: ∆ TG; multiple R = 0.208, F = 5.204, 
p = 0.0004

 Age − 0.107 0.020 − 0.092 0.052
 Male gender 0.063 0.174
 BMI 0.101 0.030 0.075 1.117
 Smoking 0.027 0.560
 Hypertension 0.031 0.181
 Diabetes mellitus − 0.062 0.181
 Dyslipidemia 0.122 0.008 0.105 0.023
 Lipid-modifying drugs 0.018 0.701
 ∆ EPA − 0.062 0.183 – –
 ∆ DHA 0.177 0.0001 – –
 ∆ AA 0.161 0.0004 – –
 ∆ EPA/AA 0.110 0.017 − 0.108 0.019

4. Dependent variable: ∆ TG/HDL-C ratio; multiple R = 0.196, 
F = 4.529, p = 0.001

 Age − 0.125 0.007 − 0.115 0.016
 Male gender 0.059 0.208
 BMI 0.106 0.023 0.067 0.162
 Smoking 0.013 0.779
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alone, whereas, conversely, when the assessment was made 
based on the changes in the serum DHA level alone, the lat-
ter was demonstrated to be an independent factor adversely 
affecting lipid metabolism. It was shown by Itakura et al., 
based on subanalyses of data from the JELIS study, that 
changes in the serum DHA levels were directly correlated 
with the changes in the serum LDL-C levels [15], which is 
consistent with our current results. There has been no unified 
view concerning changes in the serum lipid profile in clini-
cal studies of combined EPA/DHA preparations, but some 
relevant reports document elevation of the serum LDL-C 
level with intake of such preparations [16–18]. It has also 
been reported that the cardioprotective effects of EPA and 
DHA are based on different biological activities [19]: this 
difference may also exist in regard to their association with 
the lipid metabolism [17]. The present study is by no means 
an intervention study conducted using any n-3PUFAs, but 
was aimed at investigation of the effect of dietary intake at 

Table 4   (continued)

Univariable Multivariable

Variable r p value β p value

 Hypertension 0.005 0.918
 Diabetes mellitus − 0.061 0.189
 Dyslipidemia 0.107 0.021 − 0.115 0.016
 Lipid-modifying drugs 0.008 0.858
 ∆ EPA − 0.042 0.362 – –
 ∆ DHA 0.205 <0.0001 – –
 ∆ AA 0.127 0.0062 – –
 ∆ EPA/AA − 0.115 0.013 − 0.104 0.020

The abbreviations are the same as in Tables  1 and 2, r correlation 
coefficient, β standard partial regression coefficient
In the multivariable models, ∆ EPA, ∆ DHA, and ∆ AA were 
excluded as independent variables because of their multicollinearity 
with the ∆ EPA/AA ratio

Fig. 1   Association of the ∆EPA/AA ratio with ∆ LDL-C, ∆ non-
HDL-C, ∆ TG, and the ∆ TG/HDL-C ratio. The ∆ EPA/AA ratio was 
negatively correlated with ∆ LDL-C, ∆ no-HDL-C, ∆ TG, and the 

∆ TG/HDL-C ratio. ∆ Absolute change from baseline, EPA eicosap-
entaenoic acid, AA arachidonic acid, LDL-C low-density lipoprotein 
cholesterol, HDL high-density lipoprotein, TG triglyceride
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low-concentrations of n-3PUFAs on the serum lipid profile. 
Further study is warranted.

In a population showing increased EPA/AA ratios, how-
ever, the increase of the EPA/AA ratio has a bearing upon 
improvement of the lipid metabolism, particularly upon 
lowering of the serum TG/HDL-C, an indicator of the LDL 
particle size, that is, upon LDL particle upsizing [20, 21]; 
it is of great interest that these result in suppression of the 
development of atherosclerosis. In other words, it may be 
that the anti-atherosclerotic effect of dietary fish intake 
can be conclusively stated solely in terms of the observed 
changes in the serum EPA concentrations. According to the 
results of the present study as well, the ∆ AA showed an 
independent positive association with both the ∆ LDL-C and 
∆ non-HDL-C. When viewed together with the fact that the 
serum EPA/AA ratio is strongly affected by the serum AA 
concentration, future investigations should also focus upon 
other constituents of a diet rich in AA content (e.g., animal 
food products such as egg yolk, pork liver, and dairy prod-
ucts) [22]. Several epidemiological studies have reported 
an inverse correlation between dietary fish intake and the 
serum TG level or prevalence of metabolic syndrome [23, 
24]. This is considered to imply lowering of the serum TG 
level consequent upon improved intrahepatic VLDL clear-
ance through the involvement of EPA [25].

EPA has anti-inflammatory activity, while AA has pro-
inflammatory activity. Therefore, elevation of the EPA/
AA ratio may result in a greater degree of amelioration of 
systemic inflammation, and thereby an anti-atherosclerotic 
effect [7, 8]. This study, however, was conducted to examine 
the possibility of an anti-atherogenic effect of the EPA/AA 
ratio, focusing on the effect of this anti-atherogenesis marker 
on the serum lipid profile.

While the dietary habits of the Japanese population 
have been becoming westernized in recent years, the pos-
sibility that the lifestyle of the Japanese per se, generally 

characterized by a lower intake of unsaturated fatty acids, 
lower caloric intake, and predominant fish intake as a source 
of dietary protein, compared with those of Western popula-
tions, has a great beneficial impact on the lipid metabolism 
may have to be taken into account [26].

Study limitations and clinical implications

First, the present study was a hospital-based longitudinal 
study, so further study will be necessary to investigate 
whether the findings can be applied to the entire popula-
tion. Second, it did not investigate the relation between the 
amount of fish consumed and serum n-3PUFAs levels, and 

Table 5   Correlation between the ∆DHA/AA ratio and ∆ serum lipid 
levels

The abbreviations are the same as in Table 2, r correlation coefficient

r p

∆ LDL-C − 0.086 0.063
∆ HDL-C − 0.131 0.004
∆ TG 0.077 0.096
∆ non-HDL-C 0.008 0.872
∆ MDA-LDL 0.032 0.504
∆ LP(a) 0.001 0.983
∆ apo A-1 − 0.050 0.277
∆ apo B 0.042 0.358
∆ RLP-C 0.075 0.120
∆ TG/HDL-C ratio 0.135 0.004

Table 6   Univariable and multivariable analyses to verify the inde-
pendent association of the ∆ DHA/AA ratio with ∆ lipid level

The abbreviations are the same as in Tables  1 and 2, r correlation 
coefficient, β standard partial regression coefficient
In the multivariable models, ∆ EPA, ∆ DHA, and ∆ AA were 
excluded as independent variables because of their multicollinearity 
with the ∆ EPA/AA ratio

Univariate Multivariate

Variable r p value β p value

1. Dependent variable: ∆ HDL-C; multiple R = 0.181, F = 7.897, 
p = 0.0004

 Age 0.120 0.009 − 0.122 0.008
 Male gender 0.053 0.255
 BMI − 0.043 0.352
 Smoking 0.006 0.892
 Hypertension 0.001 0.981
 Diabetes mellitus 0.018 0.689
 Dyslipidemia − 0.048 0.297
 Lipid-modifying drugs 0.018 0.689
 ∆ EPA 0.063 0.172 – –
 ∆ DHA 0.076 0.102 – –
 ∆ AA 0.103 0.026 – –
 ∆ DHA/AA − 0.131 0.004 − 0.133 0.004

2. Dependent variable: Δ TG/HDL-C; multiple R = 0.222, 
F = 5.855, p = 0.001

 Age  − 0.125  0.007  − 0.112  0.019
 Male gender  0.059  0.208
 BMI  0.106  0.023  0.061  0.207
 Smoking  0.013  0.779
 Hypertensin  0.005  0.918
 Diabetes mellitus  − 0.061  0.189
 Dyslipidemia  0.107  0.021  0.106 0.023 
 Lipid-modifying drugs  0.008  0.858
 ∆ EPA  – 0.042  0.362 – –
 ∆ DHA  0.205  < 0.0001 – –
 ∆ AA  0.127  0.006 – –
 ∆ DHA/AA  0.135  0.004  0.131  0.005
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since it was conducted on the basis of a 2-point blood collec-
tion, it is impossible to rule out the possibility that a bias in 
routine fish consumption affected the results of the analysis.

Conclusions

We demonstrated the possibility that increase of the EPA/
AA ratio, but not that of the DHA/AA ratio, is associated 
with improved lipid metabolism. The high EPA/AA ratio 
derived from regular dietary fish consumption might reduce 
the risk of ASCVD through decreasing the atherogenic risk.
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