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Ischemic Heart Disease

Low Levels of Serum n-3 Polyunsaturated Fatty Acids Are

Associated With Worse Heart Failure-Free Survival in
Patients After Acute Myocardial Infarction

Masahiko Hara, MD; Yasuhiko Sakata, MD, PhD; Daisaku Nakatani, MD, PhD;
Shinichiro Suna, MD, PhD; Masaya Usami, MD; Sen Matsumoto, MD;
Toshimitsu Hamasaki, PhD; Yasuji Doi, MD, PhD; Masami Nishino, MD, PhD;
Hiroshi Sato, MD, PhD; Tetsuhisa Kitamura, MD; Shinsuke Nanto, MD, PhD;
Masatsugu Hori, MD, PhD; Issei Komuro, MD, PhD
for the Osaka Acute Coronary Insufficiency Study (OACIS) Investigators

Background: Intake of long-chain n-3 polyunsaturated fatty acids (n-3 PUFA), including docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA), is associated with a lower risk of atherosclerotic cardiovascular events,
particularly acute myocardial infarction (AMI). However, limited data are available regarding the association between
serum n-3 PUFA levels and heart failure (HF) events in survivors of AMI.

Methods and Results: We evaluated whether serum DHA and EPA levels were associated with HF-free survival
and HF hospitalization rates after AMI. A total of 712 patients were divided into 3 groups according to their tertile
serum levels of DHA and EPA (Low, Middle, and High). Propensity-score-stratified Cox regression analysis revealed
that DHA- and EPA-Low groups presented statistically significant worse HF-free survival (hazard ratio (HR) 1.68, 95%
confidence interval (Cl) 1.03-2.72, P=0.0358, and HR 1.69, 95% CI 1.05-2.72, P=0.0280, respectively), with the EPA-
Low group having a higher risk of HF hospitalization (HR 2.40, 95% CI 1.21-4.75, P=0.0097) than the DHA-Low group
(HR 1.72, 95% CI 0.86-3.45, P=0.1224). The relationship between a low DHA or EPA level and decreased HF-free
survival was almost common to all subgroups; however, the effect of low serum EPA on HF hospitalization was
prominent in male patients, and those with low levels of high-density lipoprotein cholesterol or without statin therapy.

Conclusions: Low levels of circulating n-3 PUFA are associated with decreased HF-free survival in post-AMI
patients. (Circ J 2013; 77: 153—-162)
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(EPA) are long-chain n-3 polyunsaturated fatty acids
(n-3 PUFA) that are found in high levels in fish oil.!2
The n-3 PUFA are associated with a lower risk of cardiovas-
cular events through a variety of mechanisms, such as favor-
able effects on lipid levels, platelets, endothelial function, blood

D ocosahexaenoic acid (DHA) and eicosapentaenoic acid

pressure, cardiac excitability, and inflammatory cytokines.!?
Despite conflicting evidence,>* many trials have demonstrated
the beneficial effects of n-3 PUFA to reduce atherosclerotic
cardiovascular events, including sudden cardiac death and acute
myocardial infarction (AMI), in the primary and secondary pre-
vention settings of cardiovascular diseases.>® Limited data also
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Table 1. Clinical Background of Study Population
Parameter All (n=712)
Follow-up duration, days 1,079 (721-1,442)
Age, years 65 (57-73)
Male, % 77.8
BMI, kg/m? 23.9 (22.1-26.1)
STEMI, % 86.1
Coronary risk factors
Diabetes, % 35.1
Hypertension, % 67.0
Dyslipidemia, % 50.8
Smoking, % 63.2
OMI, % 10.5
Laboratory data
EPA, ug/ml 30.5 (21.6-44.2)
DHA, ug/ml 71.0 (54.6-91.9)
TC, mg/d 191 (163-222)
LDL-C, mg/dl 122 (100-147)
HDL-C, mg/dI 44 (38-52)
TG, mg/dl 98 (60-153)
HbA1c, % 6.1 (5.7-6.9)
eGFR, ml-min-1-1.73m=2 69.2 (55.1-85.1)
Peak CK, IU/L 2,207 (1,035-3,889)
Reperfusion, % 94.5
PCl, % 93.3
Medications at discharge
Statin, % 60.5
ACEI or ARB, % 82.3
B-blocker, % 67.0
Antiplatelet, % 99.0
Ethyl icosapentate, % 2.5

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
2 receptor blocker; BMI, body mass index; CK, creatine kinase;
DHA, docosahexaenoic acid; eGFR, estimated glomerular filtration
rate; EPA, eicosapentaenoic acid; HbA1c, hemoglobin Aic; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; OMI, old myocardial infarction; PCI, percutaneous
coronary intervention; STEMI, ST-elevation myocardial infarction;
TC, total cholesterol; TG, triglyceride.

suggest that n-3 PUFA are associated with a lower incidence
of heart failure (HF), although data after AMI are lacking.*-11
The aim of the present study was to evaluate whether serum
DHA and EPA levels are associated with HF-free survival and
HF hospitalization rates in AMI survivors enrolled in a multi-
center prospective AMI registry in Japan.

Methods

Study Patients and Blood Sampling

The Osaka Acute Coronary Insufficiency Study (OACIS) is a
prospective, multicenter observational study that enrolls con-
secutive patients with AMI in 25 collaborating hospitals from
the Osaka region of Japan, and is registered to the University
Hospital Medical Information Network Clinical Trials Regis-
try (UMIN-CTR) in Japan (ID: UMIN000004575). Details of
OACIS are reported elsewhere.!>!3 Among 2,579 patients with
AMI who were registered in the OACIS between January 2006
and December 2009, we enrolled consecutive 712 patients who
were discharged alive and whose blood samples were collected
at least 10 days after the onset of AMI and within 14 days be-
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fore and after discharge. We set the blood sampling period in
order to avoid the acute phase impact of AMI (within 10 days
after the onset of AMI), and tried to focus on the state of sur-
vival discharge (within 14 days before and after discharge).
Patient selection flow is shown in Figure S1; we excluded 197
cases of in-hospital death, 804 cases without agreement of blood
samples, and 866 cases in which samples were not obtained
greater than 10 days after the onset of AMI and within 2 weeks
before and after discharge from the present study in that order.

The diagnosis of AMI was based on the World Health Or-
ganization criteria using a combination of patient symptoms,
electrocardiographic findings, and serum cardiac enzyme el-
evations. All study candidates were informed about data col-
lection and blood sampling, and provided written informed
consent. Follow-up clinical data were obtained at 3, 6, and 12
months after the onset of AMI and annually thereafter for 5
years. Fasting blood samples were collected at each local hos-
pital. After centrifugation and prompt freezing at —80°C, serum
samples were shipped to BML, Inc (Tokyo, Japan) for the
measurement of DHA and EPA levels using a gas chromatog-
raphy method. The study protocol complied with the Helsinki
declaration and was approved by each participating institu-
tion’s ethics committee.

Statistical Analysis

Categorical data are expressed as percentage and differences
were analyzed by chi-square statistics. Continuous data are
presented as the median (25-75 percentiles) and differences
were analyzed by Kruskal-Wallis test or Tukey’s test.

We set the primary endpoint as the HF-free survival rate
and the secondary endpoints as HF hospitalization and all-
cause death after survival discharge. The rates of these events
were compared by dividing the patients into 3 groups (Low,
Middle, and High) based on DHA and EPA tertile levels. The
Kaplan-Meier method was used to estimate event rates, and
estimated differences were compared by the log-rank test. The
effects of DHA and EPA levels on the primary and secondary
endpoints were assessed using Cox regression analysis by cal-
culating hazard ratios (HR) and 95% confidence intervals (CI)
of the DHA- and EPA-Low groups as compared with the
Middle and High groups. Furthermore, to reduce possible
confounding factors regarding patient background in the com-
parison, the survival function of event rates for the DHA- and
EPA-Low groups was compared with the other groups by strat-
ified log-rank test, where the strata classification was based on
propensity scores.'* Propensity scores were calculated by lo-
gistic regression analysis including the DHA- and EPA-Low
groups as the response variable, and age, sex, ST-elevation MI,
diabetes, hypertension, dyslipidemia, smoking, old MI, esti-
mated glomerular filtration rate, reperfusion therapy, statin, an-
giotensin-converting enzyme inhibitor or angiotensin 2 recep-
tor blocker, B-blocker, and antiplatelet agents as explanatory
variables. Thus, all the abovementioned variables, which were
used in the propensity score calculation, were adjusted during
propensity-score-stratified analysis. The statistical significance
was set as P<0.05. All statistical analyses were performed using
R software ver.2.13.1 (http://cran.r-project.org/).

Results

The patients’ backgrounds are shown in Table 1 (median age,
65 years; 77.8% men; 86.1% ST-elevation MI; 93.3% under-
went percutaneous coronary interventions). The prescription
rates of statin, angiotensin-converting enzyme inhibitor and/or
angiotensin 2 receptor blocker, -blocker, antiplatelet agents,
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Table 2. Patients’ Backgrounds in the 3 Docosahexaenoic Acid Groups

Parameter

Definition

Age, years

Male, %

BMI, kg/m?

STEMI, %

Coronary risk factors
Diabetes, %
Hypertension, %
Dyslipidemia, %
Smoking, %

OMI, %

Laboratory data
EPA, ug/ml
DHA, ug/ml
TC, mg/dl
LDL-C, mg/di
HDL-C, mg/dl
TG, mg/di
HbA1c, %
eGFR, ml-min-'-1.73m=2
Peak CK, IU/L

Reperfusion, %

PCl, %

Medications at discharge
Statin, %

ACEIl or ARB, %
B-blocker, %
Antiplatelet, %

Ethyl icosapentate, %

DHA

Low (n=239)
DHA <61.4
66 (59-75)

81.2
23.4 (21.8-25.2)
86.6

37.7
65.7
491
64.4
11.6

20.4 (15.1-28.2)
48.0 (40.3-54.7)
184 (154-210)
119 (95-144)
42 (38-48)
88 (51-142)
6.1 (5.7-7.0)
67.9 (52.5-84.0)
2,092 (997-4,169)
95.0
92.9

68.6
80.8
71.5
98.7

3.8

Middle (n=236)
61.4<DHA<83.5
66 (57-72)
80.5
24.0 (22.3-26.7)
88.5

36.4
68.8
48.9
64.0

7.6

29.4
71.0

—

23.8-39.1)
66.6-76.6)
194 (168-226)
124 (104-153)
45 (38-54)
100 (64-152)
6.1 (5.7-7.2)
70.3 (56.6-85.4)
2,280 (1,063-3,723)
94.5
94.5

—_——_~ =

60.6
83.5
67.4
99.2

0.8

High (n=237)
DHA >83.5
64 (56-73)

7.7
24.1 (22.3-26.4)
83.4

31.2
66.4
54.4
61.0
12.3

47.3
101.2

—

36.0-65.6)

92.0-117.2)
198 (167-226)
123 (101-149)

44 (38-54)
104 (67-166)
6.0 (5.7-6.5)
68.8 (55.6-84.7)

2,268 (1,066-3,940)

94.1

92.4

—_ o~

52.3
82.7
62.0
99.2

3.0

P value

0.0224
0.0220
0.0181
0.2775

0.2960
0.7520
0.4155
0.7042
0.1987

<0.0001
<0.0001
0.0024
0.1591
0.0274
0.0058
0.1448
0.5054
0.9868
0.9134
0.6384

0.0013
0.7253
0.0862
0.8721
0.1128

Abbreviations as in Table 1.
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Table 3. Patients’ Backgrounds in the 3 Eicosapentaenoic Acid Groups
EPA
Parameter - - P value
Low (n=237) Middle (n=237) High (n=238)
Definition EPA <24.6 24.6<EPA<38.8 EPA >38.8 -
Age, years 66 (57-75) 64 (56-73) 66 (58-72) 0.2104
Male, % 77.6 81.0 74.8 0.2633
BMI, kg/m? 23.6 (22.1-25.6) 24.1 (22.2-26.7) 23.8 (22.1-25.8) 0.3196
STEMI, % 88.6 84.3 85.5 0.3901
Coronary risk factors
Diabetes, % 38.4 36.3 30.7 0.1897
Hypertension, % 66.5 69.4 65.0 0.5895
Dyslipidemia, % 46.1 50.9 55.4 0.1370
Smoking, % 59.5 65.7 64.3 0.3427
OMI, % 9.8 10.3 11.4 0.8424
Laboratory data
EPA, ug/ml 18.1 (14.8-21.5) 30.4 (27.6-33.9) 51.4 (44.2-68.6) <0.0001
DHA, ug/ml 52.1 (41.1-67.0) 70.8 (59.6-83.9) 96.4 (78.3-115.5) <0.0001
TC, mg/d 186 (158-213) 194 (165-226) 195 (170-226) 0.0317
LDL-C, mg/di 119 (95-142) 125 (102-153) 123 (103-149) 0.1320
HDL-C, mg/dI 42 (37-48) 44 (39-53) 45 (38-55) 0.0040
TG, mg/di 99 (60-159) 93 (57-148) 97 (65-151) 0.3856
HbA1c, % 6.0 (5.6-6.9) 6.1 (5.7-7.1) 6.0 (5.7-6.5) 0.5872
eGFR, ml-min-'.1.73m2 66.9 (51.3-83.0) 73.8 (59.1-88.4) 66.8 (55.3-83.3) 0.0026
Peak CK, IU/L 2,319 (1,100—4,227) 2,124 (1,023-3,819) 2,244 (1,003-3,667) 0.3117
Reperfusion, % 95.4 95.4 92.9 0.3839
PCl, % 94.5 94.1 91.2 0.2867
Medications at discharge
Statin, % 61.2 61.2 59.2 0.8829
ACEI or ARB, % 82.3 83.1 81.5 0.8997
B-blocker, % 71.3 67.1 62.6 0.1307
Antiplatelet, % 98.3 99.6 99.2 0.3632
Ethyl icosapentate, % 3.0 1.3 3.4 0.3047

Abbreviations as in Table 1.

and ethyl icosapentate were 60.5%, 82.3%, 67.0%, 99.0%, and
2.5%, respectively. Ethyl icosapentate is the only available
EPA formulation, and there is no available DHA formulation
with medical care insurance in Japan. In the present study,
there were no available data regarding over-the-counter DHA
or EPA supplement capsule usage, and no available data re-
garding the amount of daily fish intake.

Possible selection bias was evaluated by comparing the
patients’ backgrounds among the enrolled patients (Subject
group: n=712) and those not enrolled because of a lack of eli-
gible serum samples (No-sample group: n=866) or a lack of
the agreement of blood samples (No-agreement group: n=804).
As shown in Table S1, patients’ backgrounds differed sig-
nificantly between the Subject and No-agreement groups, but
were almost comparable between the Subject and No-sample
groups, except for the duration of follow-up period and preva-
lences of dyslipidemia, smoking and ST-elevation MI.

Blood samples were obtained from patients at a median of
17 (quartile: 13-24) days after the onset of AMI. The distribu-
tion of serum DHA and EPA levels is shown in Figure 1.
Based on the DHA tertile values, we grouped patients with
DHA <61.4 ug/ml into a DHA-Low group (n=239), those with
DHA >83.5 pg/ml formed the DHA-High group (n=237), and
those with intermediate serum levels comprised the DHA-
Middle group (n=236; Table 2). We also defined patients with

serum EPA levels of <24.6ug/ml as the EPA-Low group
(n=237), those with EPA levels of >38.8 ug/ml as the EPA-
High group (n=238), and all others as the EPA-Middle group
(n=237) according to EPA tertile values (Table 3). A strong
correlation was detected between the DHA and EPA values
based on the Spearman’s rank correlation coefficient of r=0.708
(P<0.0001).

Event rates were compared among the DHA and EPA groups
by Kaplan-Meier analysis (Figure 2). There were a total of 35
HF hospitalizations and 45 all-cause death events (17 HF and
23 deaths in the DHA-Low group, 10 HF and 12 deaths in the
DHA-Middle group, and 8 HF and 10 deaths in the DHA-
High group; 20 HF and 19 deaths in the EPA-Low group, 7
HF and 16 deaths in the EPA-Middle group, and 8 HF and 10
deaths in the EPA High group) at the median follow-up dura-
tion of 1,079 (quartile: 721-1,442) days. There were 9 cardio-
vascular, 19 non-cardiovascular, and 17 unknown-cause deaths
in the present study.

Both the DHA-and EPA-Low groups showed statistically
significant worse HF-free survival as compared with the other
groups (P=0.0204 and P=0.0353, respectively; Figures 2A,B).
However, when we focused on each event rate, the EPA-Low
group displayed a statistically significant worse outcome only
for HF hospitalizations (P=0.0086; Figures 2C,D), while the
DHA-Low group exhibited an adverse outcome only for all-

Circulation Journal Vol.77, January 2013
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cause death (P=0.0305; Figures 2E,F). Cause-specific camu-
lative death event rates among tertile groups of DHA or EPA
were also evaluated (Figure S2). However, there were no sta-
tistical differences in event rates among the tertile groups of
DHA or EPA possibly because of the low event rates.
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Similar results to the Kaplan-Meier analyses were found by
propensity-score-stratified Cox regression analysis (Figures 3-5),
which revealed that low serum levels of DHA and EPA were
both associated with a higher incidence of the composite of
all-cause death and HF hospitalization at nearly the same

Vol.77, January 2013
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significance level (HR 1.68, P=0.0358 for DHA; and HR 1.69,
P=0.0280 for EPA) (Figure 3). However, low serum EPA was
only associated with a higher risk of HF hospitalization (HR
2.40, P=0.0097) (Figure 4), whereas low DHA was only as-
sociated with a higher risk of all-cause death (HR 1.91, P=0.0386)
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(Figure 5). Thus, EPA appeared to be superior to DHA for
estimating HF event risk after AMI whereas DHA appeared to
be superior to EPA for estimating all-cause mortality after
AML

Subgroup analyses demonstrated that the unfavorable effect
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Figure 4. Results of Cox regression analysis for heart failure hospitalization. ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin 2 receptor blocker; BB, B-blocker; Cl, confidence interval; DHA, docosahexaenoic acid; DL, dyslipidemia; e-GFR,
estimated glomerular filtration rate; EPA, eicosapentaenoic acid; HDL-chol, high-density lipoprotein cholesterol; HF, heart failure;
HR, hazard ratio; LDL-chol, low-density lipoprotein cholesterol; PS, propensity score; T-chol, total cholesterol; TG, triglyceride.

of alow DHA or EPA serum level on the primary and second-
ary endpoints was generally common for all subgroups, with
a few notable exceptions. For example, it was revealed that the
effect of low EPA levels on HF hospitalizations was promi-
nent in male patients (P for interaction=0.0081), those with
low high-density lipoprotein (HDL) cholesterol levels (P for
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interaction=0.0344), and those without statin therapy (P for
interaction=0.0482) (Figure 4). On the other hand, the effect
of low DHA levels on all-cause death was common to all
subgroups (Figure 5).
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Figure 5. Results of Cox regression analysis for all-cause death. ACEI, angiotensin-converting enzyme inhibitor; ARB, angioten-
sin 2 receptor blocker; BB, B-blocker; Cl, confidence interval; DHA, docosahexaenoic acid; DL, dyslipidemia; e-GFR, estimated
glomerular filtration rate; EPA, eicosapentaenoic acid; HDL-chol, high-density lipoprotein cholesterol; HF, heart failure; HR, hazard
ratio; LDL-chol, low-density lipoprotein cholesterol; PS, propensity score; T-chol, total cholesterol; TG, triglyceride.
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Discussion

In the present study, we observed that low levels of both DHA
and EPA were associated with a worse HF-free survival rate
in the secondary prevention setting after AMI. In addition, an
association with a higher risk of HF hospitalization was prom-

inent for lower serum EPA levels, whereas there was a higher
mortality risk with lower DHA. Although the effects of n-3
PUFA on atherosclerotic cardiovascular events have been in-
tensively investigated, limited data are available regarding
their salutary effect on the incidence of HF. To our knowl-
edge, this is the first study to reveal the association between
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decreased n-3 PUFA levels and worse HF-free survival in the
secondary prevention setting after AMI. In addition, even though
the relationship and underlying mechanisms remain unclear,
our results also indicate that monitoring EPA serum levels
may be useful for predicting HF events and monitoring DHA
serum levels may be useful for predicting all-cause mortality
following AMI. However, it should be noted that the EPA
level also could be useful for predicting all-cause mortality if
we change the cut-off level. As shown in Figure 2F, all-cause
mortality estimate was clearly discerned between the lower 2
EPA tertile groups vs. the highest EPA tertile group, suggest-
ing that the EPA level could be useful for estimating the all-
cause mortality risk if we set the cut-off between the lower 2
tertiles and the highest tertile.

These observations are consistent with a recent report by
Mozaffarian et al showing that total and individual n-3 PUFA
concentrations are associated with incident congestive HF in
the United States elderly population, with EPA having the high-
est correlation with HF events.!! In comparison, 2 recently
published large-scale randomized clinical trials of n-3 PUFA
supplementation failed to demonstrate beneficial effects on
major cardiovascular events in a secondary prevention setting
after AMI, although they did not assess incidence of HF.3#
Those trials may suggest that contemporary evidence-based
medications such as angiotensin-converting enzyme inhibitor
or statins can surpass the beneficial effects of n-3 PUFA. In-
deed, our result of subgroup analysis suggested that the ben-
eficial effects of DHA and EPA on HF-free survival and HF
hospitalization were mostly prominent in patients not treated
with such medications (but not on all-cause death). Thus, it
should be noted that effect of n-3 PUFA levels on cardiac
events in patients administered recent evidence-based medica-
tions needs to be evaluated further, and we also emphasize that
the benefit of n-3 PUFA should be determined in patients for
whom these state-of-the-art medications are not available be-
cause of adverse effects or other reasons.>#

The beneficial effect of both DHA and EPA in reducing HF
hospitalizations and all-cause death after AMI is intuitively
plausible considering the evidence for the cardiac benefits of
n-3 PUFA intake.!.»10.15-21 For example, n-3 PUFA supple-
mentation improves myocardial efficiency by reducing myo-
cardial oxygen demand without a decrement in performance
and clinically improves the left ventricular ejection fraction in
patients with dilated cardiomyopathy or chronic HF.1%:15.16 [n
addition, n-3 PUFA intake is associated with lower blood
pressure and heart rate.'”!8 Together these lines of evidence
for the usefulness of n-3 PUFA supplementation in cardiovas-
cular protection strongly support our observation that low lev-
els of n-3 PUFA were associated with worse HF-free survival
in patients with AMIL.

In the subgroup analyses, the unfavorable effects of low
serum DHA or EPA levels on HF-free survival appeared to be
common to all of the subgroups, even for patients with well-
controlled low-density lipoprotein (LDL) levels (<100 mg/dl).
However, we also observed an inverse relationship between
EPA level and the incidence of HF hospitalization prominently
in male patients, patients with low HDL cholesterol levels,
and those not receiving statin therapy. Thus, EPA supplemen-
tation following AMI may be beneficial for preventing HF
hospitalization in these subpopulations, although the evidence
is not yet available. Even though the salutary effects of n-3
PUFA supplementation on clinical outcomes have been dem-
onstrated in patients with chronic HF,*1? an inverse correlation
between serum EPA levels and HF risk after AMI has not
been reported previously.
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On the basis of currently available evidence, the American
Heart Association recommends that patients with documented
coronary heart disease consume approximately 1 g/day of DHA
and EPA (combined) obtained from fish or fish-oil capsules.?
Because our data suggest that EPA may be beneficial in pre-
venting HF hospitalization and DHA in preventing all-cause
death after AMI, the beneficial effects of higher serum levels
of EPA and DHA on the secondary prevention of HF and all-
cause death after AMI should be further studied in a random-
ized control trial.

Study Limitations

Our study has a few limitations that warrant mention. First, the
measurement of serum n-3 PUFA levels was a 1-point assess-
ment at discharge, and did not reflect temporal changes and
everyday consumption of n-3 PUFA. This might lead to inac-
curate estimation of the association between n-3 PUFA and
HF events. In addition, because there were no available data
regarding n-3 PUFA consumption, the association between
serum n-3 PUFA levels and daily intake of n-3 PUFA could
not be assessed. Second, there could be a selection bias in the
present study as shown in Table S1. Third, it is possible that
unmeasured confounding factors influenced the study outcomes
because of the inherent nature of observational studies. In this
regard, the data should be interpreted with caution.

Conclusions

Low levels of serum n-3 PUFA were associated with worse
HF-free survival in patients with AMI. Notably, low levels of
EPA and DHA were particularly associated with HF hospital-
ization and all-cause mortality, respectively.
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