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Blood Eicosapentaenoic Acid and Docosahexaenoic Acid
as Predictors of All-Cause Mortality in Patients
With Acute Myocardial Infarction

—— Data From Infarction Prognosis Study (IPS) Registry ——

Sang-Hak Lee, MD, PhD; Min-Jeong Shin, PhD*; Jung-Sun Kim, MD, PhD;
Young-Guk Ko, MD, PhD; Seok-Min Kang, MD, PhD; Donghoon Choi, MD, PhD;
Yangsoo Jang, MD, PhD; Namsik Chung, MD, PhD; Won-Heum Shim, MD, PhD;
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Background: Although w-3 polyunsaturated fatty acids are known to have beneficial effects on cardiovascular
diseases, their prognostic value has not been studied prospectively in patients with acute myocardial infarction
(AMI).

Methods and Results: The plasma levels of phospholipids, eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) (% of total fatty acids), were measured in 508 patients (365 males; mean age, 63 years) with AMI.
Clinical and biomarker predictors of all-cause and cardiovascular mortality were identified by stepwise Cox regres-
sion model. During a mean follow-up of 16.1 months, 36 (7.1%) patients died. After controlling for confounding
variables, age (hazard ratio (HR): 1.09, P<0.001), renal insufficiency (HR: 2.84, P=0.01) and EPA level (HR:
0.29, P=0.004) were identified as independent predictors of all cause-mortality. When stratified by gender, age
(HR: 1.08, P=0.001) and renal insufficiency (HR: 4.49, P=0.003) were predictors of all-cause-mortality in males,
whereas EPA level (HR: 0.18, P=0.009) and angiotensin-converting enzyme inhibitor use (HR: 0.24, P=0.03)
were identified as predictive of all-cause-mortality in females.

Conclusions: Lower plasma level of EPA, but not DHA, was an independent predictor for all-cause-mortality
in patients with AMI, but this relationship was significant only in female patients. (Circ J 2009; 73: 2250—
2257)
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w-3 polyunsaturated fatty acids (PUFA), particularly
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), on coronary artery disease have focused on
fish intake and prognosis in healthy individuals.!-3 The
results show a lower risk of mortality and beneficial effects
in people who consume w-3 PUFA more often. The GISSI
Prevenzione study also showed the protective effect of
EPA+DHA intake on mortality in survivors of myocardial
infarction (MI).* Interestingly, a recent Japanese study
showed that EPA alone added to statin significantly reduced
major coronary events in hypercholesterolemic subjects’
and patients with established coronary artery disease.®
The relationship between w-3 PUFA and the clinical
outcome was also evaluated by analyzing fatty acid content
and future risk. EPA+DHA, as the percent of total fatty
acids in blood or cell membrane, was predictive of sudden
cardiac death.”8 Those studies were based on case—control
analyses of follow-up data in healthy individuals, but the

Several observational studies regarding the effects of

prognostic value of blood w-3 PUFA has not been deter-
mined in the context of acute MI (AMI).® Furthermore, the
predictive power of EPA and DHA individually has not
been reported.

To answer these questions, we measured fatty acids from
among the plasma phospholipids that represent dietary
intake.!0 Using a prospective design, we evaluated the rela-
tionship between the levels of these fatty acids and all-cause
and cardiovascular mortality in patients with AMI after
adjustment for other confounding variables.

Methods

Study Population

Patients were drawn from the Infarction Prognosis Study
registry of AMI as described previously.!! Briefly, all con-
secutive patients admitted to Severance Cardiovascular
Hospital between May 2005 and February 2008 were pro-
spectively screened for an AMI. Patients 218 years of age
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Table 1. Baseline Characteristics of Survivors and Non-Survivors

2251

Characteristics Ai;zz;t(l)%r)lts S(l:]gi;(;s Non(—;:g\g)v ors P value
Age (years) 63£12 62+12 7249 <0.001
Female gender, n (%) 143 (28) 129 (27) 14 (39) 0.14
BMI, kg/m? 24.043.6 24.1£3.6 222431 0.005
Medical history
Diabetes mellitus, n (%) 134 (26) 122 (26) 12 (33) 0.33
Hypertension, n (%) 253 (50) 228 (48) 25 (69) 0.02
Current smoker, n (%) 140 (28) 134 (29) 6 (23) 0.20
Renal insufficiency, n (%) 38(7) 29 (6) 9 (33) <0.001
Prior MI, n (%) 30 (6) 28 (6) 2 (6) 0.92
Laboratory examination
FBG, mg/dl 117 (59-539) 117 (59-539) 125 (72-328) 0.20
TC, mg/dl 174+42 176142 158436 0.02
TG, mg/dl 98 (20-566) 99 (20-566) 79 (41-256) 0.004
HDL-C, mg/dl 44111 44+11 47%15 0.19
LDL-C, mg/dl 111436 112436 97433 0.02
hs-CRP, mg/L 6.8 (0.2-301.0) 6.2 (0.2-301.0) 17.0 (0.9-246.0) 0.001
EPA (%) 1.47 (0.10-3.52) 1.49 (0.10-3.52) 1.24 (0.50-2.14) 0.001
DHA (%) 2.44 (0.18-7.58) 2.48 (0.14-7.58) 2.04 (0.18-6.20) 0.14
Characteristics of MI
STEMI, n (%) 241 (47) 222 (47) 19 (53) 0.61
Time from symptom onset to arrival, h 3.0 (0.3-24.0) 3.0 (0.3-24.0) 6.0 (1.6-24.0) 0.12
Peak CK-MB, IU/L 65 (7-1,503) 65 (7-1,503) 44 (7-738) 0.55
Culprit artery, n (%) 0.97
LAD 265 (52) 247 (52) 18 (50)
LCX 89 (18) 82 (17) 7(19)
RCA 154 (30) 143 (30) 11 (31)
Diseased arteries, n (%) 0.35
Minimal disease 14 (3) 13 (3) 1(3)
1-vessel disease 154 (30) 148 (31) 6 (17)
2-vessel disease 155 (31) 145 (31) 10 (28)
3-vessel disease 184 (36) 166 (35) 18 (50)
LV systolic dysfunction, n (%) 263 (52) 237 (50) 26 (72) 0.01
Mode of treatment, n (%) 0.09
Conservative medical treatment 41 (8) 38 (8) 3(8)
Thrombolysis 18 (4) 14 (3) 4(11)
PCI 404 (80) 378 (80) 26 (72)
Coronary artery bypass graft 45(9) 42 (9) 3(8)
Early invasive therapy, n (%) 508 (84) 399 (85) 30 (83) 0.78
Medications
S-blocker use, n (%) 372 (73) 355 (75) 17 (47) <0.001
ACEI/ARB use, n (%) 388 (76) 369 (78) 19 (53) 0.001
Statin use, n (%) 405 (80) 378 (80) 27 (75) 0.47

*Log transformed.

BMI, body mass index; Renal insufficiency, serum creatinine >2.0 mg/dl; MI, myocardial infarction; FBG, fasting blood glucose;
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol;
hs-CRP, high-sensitivity C-reactive protein; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; CK-MB, creatine kinase
myocardial isoform; LV, left ventricle; Early invasive therapy, emergency thrombolysis, percutaneous coronary intervention (PCI)
or coronary artery bypass graft; ACEIL angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker.

were eligible for enrollment for up to 24 h after the onset of
symptoms. AMI was defined as an elevated creatine kinase
myocardial isoform (CK-MB) value greater than twice the
upper reference limit, with 1 of the following: (1) typical
chest pain lasting >30min or (2) ECG showing new ST-T
change or new left bundle branch block. We obtained
informed consent from all subjects, and the institutional
review board approved the study protocol.

Patients received oral aspirin, clopidogrel, and 5,000 U
of intravenous heparin. The attending physician and inter-
ventional cardiologist decided the allocation of reperfusion
therapy.

Data Collection and Laboratory Examinations

Clinical and demographic data were obtained from all
patients at the time of admission. Diabetes mellitus was
defined as clinically determined or treated disease. Hyper-
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tensive patients were those with documented blood pres-
sure >140/90mmHg on 2 or more occasions, or who were
already on antihypertensive therapy. Renal insufficiency was
defined as serum creatinine levels >2.0mg/dl. Every patient
underwent serial ECG recording and echocardiographic
examination. Left ventricular ejection fraction was calcu-
lated by the modified Quinones method. Coronary angio-
grams were analyzed for the number of diseased arteries
(ie, epicardial arteries or their major branches with a lesion
with diameter stenosis >50%).

Serial CK-MB testing was performed at baseline and at 6,
12 and 24 h. Blood samples from each patient were analyzed
using a Dade Behring Dimension unit (Dade Behring Inc,
Newark, DE, USA) with upper reference limits of 4.2ng/ml
for men and 3.1ng/ml for women. Blood samples for bio-
chemical assessment, such as fasting blood glucose and
lipids, were obtained after a 12-h fast post-admission. From
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Figure 1. Kaplan-Meier curves showing survival free from all-cause mortality (A,B) or from cardiovascular mortality
(C,D) by tertiles of the eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) levels. AMI, acute myocardial

infarction.

additional blood samples, plasma was isolated within 60 min
of acquisition and subsequently stored at —80°C until analy-
sis at a later date. Aliquots of the plasma samples were used
to measure the level of the following biomarkers.

Total lipids were extracted by the method of Folch et al!2
and the phospholipid fraction was isolated by thin-layer
chromatography with hexane:diethyl ether:acetic acid
(80:20:2) development solvent. The phospholipid fraction
was then directly transesterified by the method of Lepage
and Roy!3 and the methyl esters were separated on a gas
chromatograph (model 6890, Agilent Technologies Inc,
Palo Alto, CA, USA) equipped with a capillary column (SP-
2560; 100m, Supelco, Bellefonte, PA, USA) as described
previously.!4 Peak retention times were identified by com-
parison with a known standard (37 component FAME mix,
Supelco, Bellefonte, PA; GLC37, NuCheck Prep, Elysian,
MN, USA) and analyzed with the ChemStation software
(Agilent Technologies). The serum phospholipid content
of EPA and DHA was expressed as a percentage of the
total fatty acids. Serum levels of high-sensitivity C-reactive

protein (hs-CRP) were measured with Express* autoana-
lyzer (Chiron Diagnostics Co, Walpole, MA, USA) using a
hs-CRP-Latex (II) X2 kit (Seiken Laboratories Ltd, Tokyo,
Japan).

Follow-up

Clinical outcome data were obtained for all patients in the
study by telephone contact and medical record review, and
in subsequent visits. The primary endpoint was all-cause
mortality and the secondary endpoint was cardiovascular
mortality. A death was classified as cardiovascular if the
cause was related to MI or ischemia, arrhythmia, heart
failure or stroke, or if the death was sudden and unexpected.
A death was defined as non-cardiovascular if the main
underlying process was not related to the cardiovascular
system, such as sepsis, hemorrhage, or malignancy.

Statistical Analysis

We compared the baseline characteristics of patients who
survived and those who died during follow-up using
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Figure 2. Kaplan-Meier curves showing survival free from all-cause mortality by tertiles of the eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) levels. Survival curves of males (A,B) and females (C,D) are shown. AMI,

acute myocardial infarction.

Student’s t-test and the chi-squared test. Continuous vari-
ables with little skewing (age, body mass index, total cho-
lesterol, high-density lipoprotein-cholesterol (HDL-C), low-
density lipoprotein-cholesterol (LDL-C)) were listed as
mean=*SD and continuous variables with a skewed distribu-
tion (fasting blood glucose, triglyceride, hs-CRP, time from
symptoms to admission, peak creatine-kinase (CK)-MB)
were listed as median (range). Categorical variables are pre-
sented as frequencies and group percentages. Log transfor-
mation was applied to fasting blood glucose, triglyceride,
hs-CRP, CK-MB, and the period of time from onset of
symptoms to admission.

Tertiles of EPA and DHA content were constructed and
cumulative survival curves of each tertile established by the
Kaplan-Meier method were compared by the log-rank test.
The predictors of mortality were identified by univariate
Cox regression analysis. Only those univariate predictors
with P<0.05 were subsequently entered into multivariate
Cox proportional hazard analyses by a stepwise method.
Hazard ratios (HR) and 95% confidence intervals (CI) were
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reported. All analyses used 2-tailed tests with a significance
level of 0.05. The statistical software package SPSS version
12.0 (SPSS Inc, Chicago, IL, USA) was used for all analy-
ses. To determine the potential difference in prognostic
power of EPA and DHA between men and women, predic-
tors of mortality were analyzed by gender.

Results

Baseline Characteristics

We enrolled 508 patients (365 males, 143 females) with a
mean age of 63 years (range 27-91 years) and a mean body
mass index of 24.0(£3.6)kg/m?2 (Table 1). Levels of both
plasma phospholipids, EPA and DHA, had a skewed distri-
bution among the subjects, and the median levels were
1.47% and 2.44%, respectively. Plasma EPA (1.47% vs
1.46% in males and females, respectively) and DHA levels
(2.38% vs 2.55% in males and females, respectively) were
not significantly different between males and females. In
total, 241 patients had ST elevation MI. The median time
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Table 2. Predictors of All-Cause and Cardiovascular Mortality by Cox Proportional Hazard Analysis (n=508)

All-cause mortality

Cardiovascular mortality

Univariate

Multivariate

Univariate

Multivariate

HR (95%CI) P value

HR (95%CI) P value

HR (95%CI) P value

HR (95%CI) P value

Age

Female gender

BMI (per kg/m?)

Diabetes mellitus

Hypertension

Current smoker

Renal insufficiency

Prior MI

FBG (per mg/dl)*

TC (per mg/dl)

TG (per mg/dl)*

HDL-C (per mg/dl)

LDL-C (per mg/dl)

hs-CRP (per mg/L)*

EPA (per %)*

DHA (per %)*

Time from symptom onset
to arrival (per h)*

Peak CK-MB (per IU/L)*

No. of diseased arteries

LVEF <50%

Early invasive therapy

[3-blocker use

ACEI/ARB use

Statin use

1.09 (1.05-1.13) <0.001
1.74 (0.89-3.40)  0.11
0.87 (0.79-0.95)
1.38 (0.69-2.76)  0.36
2.39(1.18-4.86)  0.02
0.57 (0.23-1.38)  0.21
4.71 (2.21-10.01) <0.001
0.99 (0.24-4.11)  0.99
2.21(0.93-5.28)  0.07
0.99 (0.98-1.00)  0.03
0.39 (0.19-0.79)  0.009
1.02 (0.99-1.05) 0.22
0.99 (0.98-1.00)  0.02
1.44 (1.16-1.78) ~ 0.001
0.38 (0.22-0.65) <0.001
0.66 (0.42-1.03)  0.07

1.66 (0.85-3.28)  0.14

0.95 (0.76-1.20)  0.69
1.14 (0.94-1.40) 0.19
2.61(1.21-5.62) 0.01
0.70 (0.29-1.68)  0.42
0.30 (0.16-0.58) <0.001
0.34 (0.17-0.65)  0.001
0.80 (0.38-1.70)  0.56

1.09 (1.05-1.14) <0.001

2.84 (1.24-6.49)  0.01

0.29 (0.12-0.67)  0.004

1.09 (1.05-1.13) <0.001
192 (0.92-4.01)  0.09
0.87 (0.79-0.96)
1.69 (0.80-3.57)  0.17
233 (1.06-5.11)  0.04
0.62(0.23-1.64) 033
531 (2.35-12.00) <0.001
123 (0.29-5.19)  0.78
2.38(0.91-6.20)  0.08
0.99 (0.98-1.00)  0.22
0.38 (0.17-0.84)  0.02
1.02 (0.99-1.05)  0.19
0.99 (0.98-1.00)  0.06
1.45(1.14-1.83)  0.002
041 (0.22-0.76)  0.005
0.84 (0.49-1.45)  0.84

1.10 (0.54-2.27)  0.79

1.04 (0.80-1.35)  0.76
1.83 (1.05-3.18)  0.03
4.11 (1.55-10.89)  0.005
0.69 (0.26-1.81) 045
0.28 (0.13-0.57)  0.001
032 (0.16-0.67)  0.002
0.84 (0.36-1.96)  0.69

1.10 (1.05-1.16) <0.001

6.29 (2.39-16.53) <0.001

*Log transformed.

HR, hazard ratio; CI, confidence interval; EF, ejection fraction. Other abbreviations see in Table 1.

Table 3. Predictors of All-Cause Mortality in Men and Women by Cox Proportional Hazard Analysis

Men (n=365) Women (n=143)
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value
Age 1.10 (1.06-1.15) <0.001 1.08 (1.03-1.13)  0.001 1.06 (0.99-1.13)  0.09
BMI (per kg/m?) 0.88 (0.79-0.97)  0.01 0.85(0.70-1.03)  0.09
Diabetes mellitus 0.95(0.35-2.57)  0.92 1.94 (0.68-5.53)  0.22
Hypertension 2.52 (1.06-6.00)  0.04 1.60 (0.45-5.75)  0.47
Current smoker 0.70 (0.27-1.81)  0.46 0.05 (0.00-25505) 0.047
Renal insufficiency 7.35 (2.99-18.04) <0.001 4.49 (1.64-12.45) 0.003 1.78 (0.40-7.96) 045
Prior MI 1.68 (0.39-7.17)  0.49 0.05 (0.00-961)  0.54
FBG (per mg/dl)* 1.67 (0.52-5.41)  0.39 2.87 (0.77-10.71) 0.12
TC (per mg/dl) 0.98 (0.97-0.99)  0.006 1.00 (0.99-1.01) 0.34
TG (per mg/dl)* 0.28 (0.12-0.68)  0.005 1.00 (0.99-1.01) 0.78
HDL-C (per mg/dl) 1.02 (0.98-1.06)  0.33 1.01 (0.97-1.06)  0.66
LDL-C (per mg/dl) 0.98 (0.97-1.00)  0.01 1.00 (0.98-1.01) 0.54
hs-CRP (per mg/L)* 1.60 (1.21-2.11) ~ 0.001 1.23 (0.89-1.70)  0.21
EPA (per %)* 0.46 (0.22-0.94)  0.03 0.22 (0.08-0.61)  0.003 0.18 (0.05-0.65)  0.009
DHA (per %)* 0.75 (0.41-1.36)  0.34 0.50(0.25-0.97) 0.04

Time from symptom onset
to arrival (per h)*

Peak CK-MB (per IU/L)*

No. of diseased arteries

LVEF <50%

Early invasive therapy

j3-blocker use

ACEI/ARB use

Statin use

1.73 (0.76-3.98)  0.19

0.87 (0.64-1.18)  0.38
1.05(0.78-1.42)  0.75
1.95(0.78-4.88) 0.16
0.58 (0.20-1.72)  0.33
0.39 (0.17-0.90)  0.03
0.42 (0.18-0.98)
0.65 (0.26-1.67)  0.37

1.51(0.43-5.30) 0.52

1.11 (0.78-1.58)  0.57
1.26 (0.96-1.65)  0.10
4.58 (1.01-20.71)
1.03 (0.23-4.67) 097
0.21 (0.07-0.61)
0.24 (0.08-0.70)
121(0.34-4.32) 078

0.24 (0.07-0.89)  0.03

*Log transformed.
Abbreviations see in Tables 1,2.

from chest pain to admission was 3.0h; 48% of the patients
had reduced left ventricular systolic function (ejection frac-
tion <50%) and 84% of the patients were treated with early
invasive therapy (emergency thrombolysis, percutaneous
coronary intervention or coronary artery bypass graft).

Compared with patients who were alive, those who died
were significantly older, had a lower body mass index, and
were more likely to have a history of hypertension. Interest-
ingly, non-survivors showed lower levels of total choles-
terol, triglyceride, and LDL-C, but higher hs-CRP levels.
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They had lower EPA levels, but their DHA levels did not
differ significantly from those of the survivors. The non-
survivors suffered more often from left ventricular systolic
dysfunction, and had less frequently received prescription
for 3-blockers or angiotensin-converting enzyme inhibitor
(ACEI)/angiotensin-receptor blocker (ARB).

Clinical Outcome and Predictors of Mortality

During 16.1£9.8 months of follow-up, 36 (7.1%) patients
died and of these deaths, 29 were identified as cardiovascu-
lar and 7 as non-cardiovascular in etiology. Cardiovascular
causes of deaths were heart failure in 12, sudden death in 8,
arrhythmia in 6, hemorrhagic stroke in 2, and cardiac
rupture in 1. Non-cardiovascular causes of deaths were
pneumonia in 3, sepsis in 2, and cancer in 2. The number of
males and females who died was 22 and 14, respectively,
and their incidence were not significantly different (6.0% vs
9.8%, P=0.14). The number of cardiovascular deaths in
males and females was 17 and 12, respectively, and the inci-
dence were not different either (4.7% vs 8.3%, P=0.10).

Of the 36 deaths, 11 died during the first month after the
enrollment, 14 during the next 5 months, and 11 thereafter.
Figure 1 shows the Kaplan-Meier curves depicting survival
free from all-cause or cardiovascular mortality. The survival
free from all-cause (P=0.003) and cardiovascular mortality
(P=0.02) increased with higher EPA tertiles, but was not
significantly related to DHA level. When survival was
compared with patients stratified by gender, the relation-
ship of EPA tertile and survival free from all-cause mortal-
ity remained in males (P=0.04) and females (P=0.052)
(Figure 2).

Univariate and multivariate Cox proportional hazard
analyses for all-cause and cardiovascular mortality are pre-
sented in Table 2. Age, body mass index, hypertension,
renal insufficiency, total cholesterol, triglyceride, LDL-C,
hs-CRP, and EPA were significantly associated with all-
cause mortality, whereas DHA was not. Left ventricular
systolic dysfunction, j3-blocker use, and ACEI/ARB use
were also associated with all-cause mortality. After adjust-
ment of the variables derived from univariate analyses, age
(P<0.001), renal insufficiency (P=0.01), and EPA (P=0.004)
independently predicted all-cause mortality. For cardio-
vascular mortality, however, only age (P<0.001) and renal
insufficiency (P<0.001) remained as independent predictors
after controlling for confounding variables.

In the analysis by gender (Table 3), EPA (P=0.009) and
ACEI/ARB use (P=0.03) predicted all-cause mortality in
women (n=143). In men (n=365), however, EPA did not
independently predict all-cause mortality.

Discussion

This prospective study of AMI produced several new find-
ings. Independent of clinical and laboratory variables, a low
baseline plasma phospholipid EPA level (% of total fatty
acids) was related to increased risk of mortality, but this
relationship was significant only in women. Although the
DHA level showed a marginal association with outcome, it
did not independently predict mortality in the multivariate
analysis. This study is the first to show, prospectively, the
different prognostic value of blood EPA and DHA levels in
AMI patients.

As a biomarker, the blood and cellular levels of w-3 PUFA
show a significant negative correlation with the extent of
coronary artery disease!S and the risk for sudden death.”8
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This has led some investigators to propose using the per-
centage of EPA+DHA in red blood cell fatty acids as a risk
marker for sudden cardiac death.!¢ The relationship of w-3
PUFA with cardiovascular risk was reported to be indepen-
dent of other traditional risk factors.!”

Two case—control studies compared the plasma blood and
cellular EPA and DHA levels in patients with acute coro-
nary syndrome and healthy people. One of these, with 94
patients and 94 controls, found significantly lower blood
EPA (0.33+0.44% in cases, 0.57£0.59% in controls) and
DHA (1.3440.68% in cases, 1.84+0.89% in controls) in the
patients.!® In the other study, this same group measured
erythrocyte membrane EPA and DHA in 768 acute coro-
nary syndrome patients and 768 controls. Cases again
showed lower values for both EPA (0.46+0.29% in cases,
0.7220.53% in controls) and DHA (2.93+1.40% in cases,
3.5311.57% in controls).!® The authors suggested that low
EPA+DHA is associated with a risk for acute coronary
syndrome. Their analyses included an adjustment for sub-
jects’ lipid profiles, but did not adjust for many other risk
factors and markers for coronary artery disease.

In the present study, our subjects with AMI showed a
higher median plasma EPA level (1.47%) than those reported
for populations in the western hemisphere, except northern
Europe.20 A previous study showed a positive correlation
between cellular EPA and DHA with age, and a negative
correlation with body mass index.2! Levels may also differ
with ethnicity, even among Asian populations.?2 In addition,
there may be higher intakes of this fatty acid in Korea, as
reported in comparisons of estimated intake of w-3 PUFA
on a global scale.2? Hence a number of variables, including
differences in subjects’ age, body mass index, ethnicity, and
food intake, may help to explain why we obtained a higher
median plasma value for EPA than previous studies have
reported.

In our study, lower EPA content, but not DHA content,
was an independent predictor of all-cause mortality.
Although the underlying mechanism of this finding is not
clear by our results, some plausible mechanisms can be
suggested. The better prognostic power can be related to the
anti-inflammatory effects of EPA. Both arachidonic acid
and EPA are involved in inflammation as sources of lipid
mediators, and those formed from EPA are less proinflam-
matory.?* In states of inflammation, EPA is released to
compete with arachidonic acid for enzymatic metabolism.2
Although some in-vitro studies have shown DHA to be a
more potent antiinflammatory agent than EPA,26.27 the sup-
pressive effect of EPA on cytokine production was more
pronounced in other studies.?82% Another important finding
in our study is that the relationship between EPA content
and cardiovascular mortality was not independent. On the
contrary, patient’s age and renal insufficiency were inde-
pendent predictors for cardiovascular mortality. In our data,
age and renal insufficiency significantly correlated with
EPA content; therefore, EPA content might have lost its
prognostic power in the multivariate analysis. Lindberg et
al showed that plasma phospholipid -3 PUFA content is
inversely associated with all-cause mortality in acutely sick
elderly patients.30 Although the prognostic value of DHA
content was not assessed, they used the EPA content as a
surrogate marker and the main result concords with ours.

The analysis of our data by gender supports a stronger
association between plasma EPA and mortality in women
than in men. Whether gender modifies the effects of w-3
PUFA on clinical outcome remains uncertain. Because
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most studies have included only male subjects, and of those
that included females, few have addressed the relationship
between gender and outcome. From the analysis of samples
from the Nurses’ Health Study, however, Sun et al found
an inverse relationship between plasma EPA and risk for
future MI among women.3! A Finnish study found an
inverse relationship between fish intake and risk for coro-
nary heart disease among women, but found no significant
association among men.32 Women have higher plasma
levels of w-3 PUFA and synthesize them more efficiently to
form «-linolenic acid because of their endocrine factors. In
addition, the capacity of sex hormones to modify plasma
and tissue w-3 PUFA content may partly explain the gender
difference;33 however, the significance and magnitude of
this difference need further investigation.

Several features distinguish and strengthen our study.
First, we adjusted for most traditional risk factors, bio-
markers, characteristics of MI, and therapeutic parameters,
which may increase the power of our analysis. Second, we
evaluated the clinical aspect of plasma EPA and DHA sepa-
rately. In contrast, most previous studies have treated these
fatty acids as a combined parameter. Third, we analyzed
the data separately for men and women. Although our data
cannot explain the mechanism of the gender difference we
found, future studies may now consider it.

We used plasma phospholipid for EPA and DHA content
evaluation. Although plasma phospholipids fatty acids
content is considered to reflect shorter-term fat intake rather
than red blood cell fatty acids, it is known to be highly cor-
related with red blood cell content.3* Moreover, phospho-
lipids in plasma are a major contributor in determining the
content in blood. We assessed EPA and DHA levels at a
single time point in the acute phase of MI. A previous study
has shown that fatty acid content in erythrocytes3S and in
blood phospholipids3¢ can change after AMI. However, the
change in the first several hours is not very large and most of
our samples were obtained within this period. Importantly,
we selected our subjects from a population most represen-
tative of our clinical and research concerns: Koreans with
AMI. Hence we cannot generalize our findings directly to
other ethnic groups or healthy individuals. Finally, it might
be difficult to draw a concrete conclusion from subanalyses
of our data because of the limited number of the subjects.

Our study identified low plasma phospholipid EPA, but
not DHA, as an independent predictor of all-cause mortal-
ity following AMI. The prognostic value of EPA was inde-
pendent of traditional risk factors, characteristics of MI,
biomarkers, and therapeutic variables, and was significant
only in female patients. This study is the first to show a
difference in the prognostic value of blood EPA and DHA
levels in AMI using a prospective design.

Acknowledgments

This study was supported by the grants of the Korea Health 21 R&D
Project, Ministry of Health and Welfare, Republic of Korea (0412-CR02-
0704-0001) and 2007 New Faculty Research Grant, Yonsei University,
Republic of Korea.

References

1. Kromhout D, Bosschieter EB, Coulander CL. The inverse relation-
ship between fish consumption and 20-year mortality from coronary
heart disease. N Engl J Med 1985; 312: 1205—-1209.

2. Daviglus ML, Stamler J, Orencia AJ, Morris D, Shekelle RB. Fish
consumption and the 30-year risk of fatal myocardial infarction.
N Engl J Med 1997, 336: 1046-1053.

3. Albert CM, Hennekens CH, O’Donnell CJ, Ajani UA, Carey VI,

10.

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

LEE SH et al.

Willett WC, et al. Fish consumption and risk of sudden cardiac death.
JAMA 1998; 279: 23-28.

GISSI-Prevenzione Investigators. Dietary supplementation with n-3
polyunsaturated fatty acids and vitamin E after myocardial infarction:
Results of the GISSI-Prevenzione trial. Lancet 1999; 354: 447 —-455.
Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y,
Ishikawa Y, et al. Effects of eicosapentaenoic acid on major coronary
events in hypercholesterolaemic patients (JELIS): A randomized open-
label, blinded endpoint analysis. Lancet 2007; 369: 1090—1098.
Matsuzaki M, Yokoyama M, Saito Y, Origasa H, Ishikawa Y, Oikawa
S, et al. Incremental effects of eicosapentaenoic acid on cardiovascular
events in statin-treated patients with coronary artery disease. Circ J
2009; 73: 1283-1290.

Siscovick DS, Raghunathan TE, King I, Weinmann S, Wicklund KG,
Albright J, et al. Dietary intake and cell membrane level of long-chain
n-3 polyunsaturated fatty acids and the risk of primary cardiac arrest.
JAMA 1995; 274: 1363-1367.

Albert CM, Hannia MP, Stampfer MJ, Ridker PM, Manson JE, Willett
WC, et al. Blood level of long-chain n-3 fatty acids and the risk of
sudden death. N Engl J Med 2002; 346: 1113-1118.

Shiraishi J, Kohno Y, Sawada T, Takeda M, Arihara M, Hyogo M, et
al. Predictors of in-hospital outcome after primary percutaneous coro-
nary intervention for recurrent myocardial infarction. Circ J 2008; 72:
1225-1229.

Nikkari T, Luukkainen P, Pietinen P, Puska P. Fatty acid composition
of serum lipid fractions in relation to gender and quality of dietary fat.
Ann Med 1995; 27: 491-498.

Lee SH, Ha JW, Kim JS, Choi EY, Park S, Kang SM, et al. Plasma
adiponectin and resistin levels as predictors of mortality in patients
with acute myocardial infarction: Data from Infarction Prognosis
Study registry. Coron Artery Dis 2009; 20: 33 -39.

Folch J, Lees M, Sloane GH. A simple method for isolation and puri-
fication of total lipids from animal tissues. J Biol Chem 1957; 226:
497-509.

Lepage G, Roy CC. Direct transesterification of all lipids in a one-
step reaction. J Lipid Res 1986; 27: 114—120.

Lemaitre R, King IB, Mozaffarian M, Sotoodehnia N, Rea TD, Kuller
LH, et al. Plasma phospholipid trans fatty acids, fatal ischemic heart
disease, and sudden cardiac death in older adults. Circulation 2006;
114: 209-215.

Ueeda M, Doumei T, Takaya Y, Shinohata R, Katayama Y, Ohnishi
N, et al. Serum N-3 polyunsaturated fatty acid levels correlate with the
extent of coronary plaques and calcifications in patients with acute
myocardial infarction. Circ J 2008; 72: 1836—1843.

Harris WS, von Schacky C. The omega-3 index: A new risk factor for
death from coronary heart disease? Prev Med 2004; 39: 212-220.
Harris WS. Omega-3 fatty acids and cardiovascular disease: A case
for omega-3 index as a new risk factor. Pharmacol Res 2007; 55:
217-223.

Harris WS, Reid KJ, Sands SA, Spertus JA. Blood omega-3 and
trans fatty acids in middle-aged acute coronary syndrome patients.
Am J Cardiol 2007, 99: 154—158.

Block RC, Harris WS, Reid KJ, Sands SA, Spertus JA. EPA and
DHA in blood cell membranes from acute coronary syndrome patients
and controls. Atherosclerosis 2008; 197: 821 —828.

Saadatian-Elahi M, Slimani N, Chajes V, Jenab M, Goudable J,
Biessy C, et al. Plasma phospholipid fatty acid profiles and their asso-
ciation with food intakes: Results from a cross-sectional study within
the European Prospective Investigation into Cancer and Nutrition.
Am J Clin Nutr 2009; 89: 1-16.

Sands SA, Reid KJ, Windsor SL, Harris WS. The impact of age, body
mass index, and fish intake on the EPA and DHA content of human
erythrocytes. Lipids 2005; 40: 343—347.

Nogi A, Yang J, Li L, Yamasaki M, Watanabe M, Hashimoto M, et
al. Plasma n-3 polyunsaturated fatty acid and cardiovascular disease
risk factors in Japanese, Korean and Mongolian workers. J Occup
Health 2007; 49: 205-216.

Hibbeln JR, Neiminen LR, Blasbalg TL, Riggs JA, Lands WE.
Healthy intakes of n-3 and n-6 fatty acids: Estimation considering
worldwide diversity. Am J Clin Nutr 2006; 83(Suppl): 1483S—1493S.
Calder PC. N-3 polyunsaturated fatty acids and inflammation: From
molecular biology to the clinic. Lipids 2003; 38: 343-352.

Heller A, Koch T, Schmeck J, van Ackern K. Lipid mediators in
inflammatory disorders. Drugs 1998; 55: 487-496.

De Caterina R, Liao JK, Libby P. Fatty acid modulation of endothelial
activation. Am J Clin Nutr 2000; 71: 213S-2238S.

Weldon SM, Mullen AC, Loscher CE, Hurley LA, Roche HM. Doc-
osahexaenoic acid induces an anti-inflammatory profile in lipopoly-
saccharides-stimulated human THP-1 macrophages more effectively
than eicosapentaenoic acid. J Nutr Biochem 2007; 18: 250-258.

Circulation Journal  Vol.73, December 2009



Blood EPA and DHA and Mortality After AMI

28.

29.

30.

31.

32.

Circulation_Journal

Verlengia R, Gorjao R, Kanunfre CC, Bordin A, de Lima TM, Martins
EF, et al. Effects of EPA and DHA on proliferation, cytokine produc-
tion, and gene expression in Raji cells. Lipids 2004; 39: 857-864.
Verlengia R, Gorjao R, Kanunfre CC, Bordin S, de Lima TM, Martins
EF, et al. Comparative effects of eicosapentaenoic acid and docosa-
hexaenoic acid on proliferation, cytokine production, and pleiotropic
gene expression in Jurkat cells. J Nutr Biochem 2004; 15: 657 -665.
Lindberg M, Saltvedt I, Sletvold O, Bjerve KS. Long-chain n-3 fatty
acids and mortality in elderly patients. Am J Clin Nutr 2008; 88:
722-729.

Sun Q, Ma J, Campos H, Rexrode KM, Albert CM, Mozaffarian D,
et al. Blood concentrations of individual long-chain n-3 fatty acids
and risk of nonfatal myocardial infarction. Am J Clin Nutr 2008; 88:
216-223.

Jarvinen R, Knekt P, Rissanen H, Reunanen A. Intake of fish and
long-chain n-3 fatty acids and the risk of coronary heart mortality in

Vol.73, December 2009

33.

34.

35.

36.

2257

men and women. Br J Nutr 2006; 95: 824 -829.

Childs CE, Romeu-Nadal M, Burdge GC, Calder PC. Gender differ-
ences in the n-3 fatty acid content of tissues. Proc Nutr Soc 2008; 67:
19-27.

Rise P, Ghezzi ES, Galli SC. Fatty acid composition of plasma, blood
cells and whole blood: Relevance for the assessment of the fatty acid
status in human. Prostaglandins Leukot Essent Fatty Acids 2007; 76:
363-369.

Kark JD, Manor O, Goldman S, Berry EM. Stability of red blood cell
membrane fatty acid composition after acute myocardial infarction.
J Clin Epidemiol 1995; 48: 889—-895.

Kahl PE, Schimke E, Mrochen H, Ickert K, Zerbes IM. Fatty acid
patterns of the serum phospholipids, cholesterolesters and triglyc-
erides in patients with myocardial infarction during the acute phase
and a follow-up of one year. Biomed Biochim Acta 1984; 43: S447—
5450.



