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Aims: We evaluated the relationship between the ratios of eicosapentaenoic acid and arachidonic acid (EPA/AA),
docosahexaenoic acid (DHA)/AA, and delta-5 desaturase activity (D5D) and atherogenic lipid profiles (ALP) and
coronary atherosclerosis.

Methods: Polyunsaturated fatty acids (PUFA) and ALP were assessed in 436 men with the first episode of acute
coronary syndrome (ACS) not take any lipid-lowering drugs. D5D was estimated as the ratio of AA to dihomo-
gamma-linolenic acid (DGLA). These biomarkers were compared between the lower and higher levels of EPA/
AA (0.41) or DHA/AA (0.93) according to the levels in Japanese general population. The thrombolysis in myo-
cardial infarction flow (TIMI) grade of the culprit coronary artery was visually estimated during the initial angi-
ography.

Results: Approximately 70% of patients had low EPA/AA or DHA/AA. Serum levels of LDL-cholesterol, apoli-
poprotein B (apoB), and remnant lipoprotein cholesterol (RL-C) were significantly higher in the low EPA/AA or
DHA/AA groups, while those of triglycerides and malondialdehyde-modified LDL (MDA-LDL) were signifi-
cantly higher in the low EPA/AA group alone. The levels of EPA, EPA/AA, DHA/AA, and HbAlc increased and
those of DGLA and apoAl decreased with increasing number of stenotic vessels. Patients with three stenotic cor-
onary vessels or TIMI grade > 1 had significantly higher EPA levels compared with the others. The levels of
LDL-cholesterol, non-HDL-cholesterol, triglycerides, small dense LDL-cholesterol, RL-C, MDA-LDL, apoB,
and apoE decreased progressively and those of EPA, DHA, EPA/AA and HDL-cholesterol increased as D5D
increased.

Conclusions: The EPA/AA is a superior risk marker than DHA/AA in term of correlation with ALP in ACS
patients.

Key words: Eicosapentaenoic acid, Docosahexaenoic acid, Arachidonic acid, Delta-5,
Acute coronary syndrome

Introduction

Numerous studies have demonstrated that -3
polyunsaturated fatty acids (PUFA), such as eicosap-
entaenoic acid (EPA) and docosahexaenoic acid
(DHA), which are present in fish oils, protect against
cardiovascular diseases (CVDs), and the ratios of
serum levels of EPA and DHA to arachidonic acid
(AA, n-6 PUFA) have been recognized as promising

risk markers for coronary artery disease (CAD)" ?.
Previous case-control studies including one study from
our group? have demonstrated that patients, espe-
cially younger ones, with both lower EPA/AA and
DHA/AA had a greater probability of being acute cor-
onary syndrome (ACS)*>* and/or ischemic stroke”.
Other cross-sectional studies have demonstrated that
EPA/AA but not DHA/AA was significantly associ-
ated with ACS®7. A cohort study of CAD patients
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underwent non-emergency percutaneous coronary
intervention (PCI) found that lower EPA/AA (but not
lower DHA/AA) was significantly associated with the
incidence of major adverse cardiac events®. However,
between 20—-80% of the patients in these studies were
on statins®*¥; therefore, the relationships between
these ratios and disease may have been influenced by
drug use. A previous study of patients with CAD who
underwent PCI demonstrated that pitavastatin (but
not pravastatin) increased AA and reduced DHA
without affecting EPA levels?. Therefore, certain
statins may influence the serum levels of #-3 and #-6
PUFA levels, and it is suggested that EPA/AA may
better reflect the residual risk for CAD following
statin treatment than DHA /AA.

The Hisayama study, a population-based pro-
spective cohort study of 3,103 community-dwelling
Japanese men and women, aged > 40 years, reported
that the EPA/AA (but not the DHA/AA) was signifi-
cantly inversely associated with the incidence of CAD
in individuals with serum high sensitivity CRP
(hsCRP) levels > 1.0mg/L. However, there was no
clear association of either ratio with CAD in the over-
all population'”. A recent report of the Hisayama
study demonstrated that both EPA/AA and DHA/AA
were significantly inversely associated with serum lev-
els of resistin, an adipocyte-derived polypeptide asso-
ciated with insulin resistance and subsequent athero-
sclerosis'”. Therefore, it remains unclear if one of
these PUFA ratios is better than the other in predict-
ing risk for CAD.

PUFA levels depend on dietary intake, bioavail-
ability, and PUFA metabolism. In the biosynthesis of
long chain PUFA from precursor PUFA, the crucial
enzymes include elongase and desaturase'?. Delta-5
desaturase (D5D) and delta-6 desaturase (D6D) are
two key enzymes in the synthesis of long-chain PUFA
and are encoded by fatty acid desaturase 1 (FADS1)
and FADS2 genes, respectively'?. Previous studies
have reported that the FADS1gene polymorphism (less
function) was associated with increased CAD risk!® '¥.
D5D is involved in one step in the conversion of lin-
oleic acid (LA, 18:2 7-6) and alpha-linoleneic acid
(ALA, 18:3 n-3) to AA (20:4 n-6) and EPA (20:5
n-3), respectively, as the sole enzymatic source of
endogenous AA and EPA. EPA and DHA are strongly
influenced by the dietary intake of pre-formed PUFA,
and, while human can readily retroconvert DHA to
EPA, the elongation of ALA to EPA and DHA is min-
imal™ '®. However, contrary results have also been
very recently reported'”. The activities of D5D can-
not be measured directly; generally, they are conven-
tionally estimated from the ratio of AA to dihomo-
gamma linolenic acid (DGLA, 20:3 7-6)'> 1820

Aim

The aim of this study was to compare ratios of
EPA/AA and DHA/AA with their respective associa-
tions with various atherogenic lipid biomarkers and
elucidate how D5D activities may affect the associa-
tion between EPA, DHA, EPA/AA, or DHA/AA and
those biomarkers in patients with ACS who were not
treated with any lipid-lowering agents. It is well estab-
lished that both EPA/AA and DHA/AA are higher in
elderly people and lower in patients with CAD com-

pared with those in healthy subjects® 2" ??; therefore,

even patients with EPA/AA or DHA/AA higher than
the median values in patients with CAD are recog-
nized as those with lower EPA/AA or DHA/AA in
healthy elder people. Therefore, the cutoff levels of
EPA/AA and DHA/AA have been adopted from the
results in the general Japanese population of the
Hisayama study'?.

Methods

Study Subjects

This study included 436 consecutive male
patients with the first episode of ACS who were not
on lipid-lowering drugs and underwent successful PCI
on admission at the Showa University Hospital
between June 2009 and December 2018. The diagno-
ses of ACS were based on the clinical symptoms, elec-
trocardiographic changes and coronary angiography
(CAQG) findings. The thrombolysis in myocardial
infarction (TIMI) flow grade of the culprit coronary
artery was visually estimated during the initial CAG
(TIMIO-TIMI3)??. The exclusion criteria included
ACS due to coronary spasm, TIMI3 without any ste-
nosis of culprit coronary artery, previous histories of
myocardial infarction (MI) and/or PCI, stable CAD,
undiagnosed CAD, hemodialysis, infectious disease,
malignancy, and any other serious conditions. Non-
fasting serum samples were collected immediately
before CAG. The institutional review board of Showa
University approved this protocol (No. 2855). The
investigation conformed to the principles of the Dec-
laration of Helsinki, and the written informed consent
was obtained from all subjects.

Baseline Evaluation

Serum concentrations of creatinine, total choles-
terol (T-C), triglycerides, high-density lipoprotein
cholesterol (HDL-C) and glycated hemoglobin
(HbAlc) were measured using standard laboratory
procedures. HbAlc values that were measured as
HbAlc (JDS) tll March 31, 2012, were estimated
using the formula 1.019xHbAlc [JDS]+0.3 *%.
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Serum apolipoprotein (apo) levels were determined
using an immunoturbidometric assay (Daiichi Chemi-
cals Co. Ltd. Tokyo, Japan). Malondialdehyde-modi-
fied LDL (MDA-LDL) levels were measured using an
enzyme-linked immunosorbent assay?”. Lipoprotein(a)
[Lp(a)] levels were measured using a latex agglutina-
tion immunoassay. Remnant lipoprotein cholesterol
(RL-C) was measured using immunoprecipitation
method using immunoaffinity mixed gel containing
anti-apo A-I (apoA) and anti-apo B-100 (apoB)
monoclonal antibodies, known as remnant-like parti-
cle cholesterol (RLP-C) (Japan Immunoresearch Lab-
oratories, Takasaki, Japan) till March 31, 2016 %.
Thereafter, they were measured using another homog-
enous assay, known as RemL-C (Kyowa Medex,
Tokyo, Japan)?”. Although the RLP-C and RemL-C
were different, they have been reported to have signifi-
cant positive correlation with each other?®, and we
confirmed the correlation between each assay and
PUFA as well (Supplementary Table 1). Serum sam-
ples were kept frozen at =80C until the performing
the assays for LDL-C and sdLDL-C that were mea-
sured using a direct homogenous assay”” *”. The kits
used for the LDL-C and sdLDL-C tests were both
provided by Denka Seiken. Non-HDL cholesterol
(non-HDL-C) level was estimated by subtracting the
HDL-C concentration from the T-C concentration.
Large buoyant LDL-C (IbLDL-C) levels were esti-
mated by subtracting the sdLDL-C concentration
from the LDL-C concentration. The hsCRP level was
measured using the Dade Behring BN assay?". Plasma
brain natriuretic peptide (BNP) levels were measured
using chemiluminescence-enzyme immunoassay. The
plasma PUFA were measured by gas-liquid chroma-
tography at a commercially available laboratory (SRL
Co., Ltd., Tokyo, Japan). The D5D was estimated as
AA/DGLA > 18202 DD activity could not be esti-
mated because the levels of ALA, LA, stearidonic acid,
and gamma-linolenic acid were not measured. Serum
creatinine—based estimate of glomerular filtration rate
(eGFR) was calculated as follows: eGFR=194 x Cr™ 0%
x Age % (x0.739 for women)??.

The diagnosis of hypertension was based on a his-
tory of hypertension or blood pressure >140 mmHg
systolic or >90 mmHg diastolic®”. Diabetes mellitus
(DM) was diagnosed based on fasting serum glucose
value > 126 mg/dL, 2-hour glucose > 200 mg/dL dur-
ing an oral glucose tolerance test, random serum glu-
cose > 200 mg/dL, HbAlc = 6.5%, or treatment with
any hypoglycemic agents*”. Body mass index (BMI)
was calculated as weight (kilograms) divided by height
(meters) squared. Patients with a reported smoking
habit of at least one cigarette per day at admission were
classified as current smokers. The extent of coronary
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vessel disease (VD) was classified according to the
number of stenotic coronary vessels (1VD, 2VD and
3VD) which was defined as stenosis of 50% or greater
narrowing of the diameter. The left ventricular ejection
fraction (LVEF) were evaluated using the Simpson’s
method using standard echocardiographic measure-
ments within a few days of hospitalization.

Statistical Analysis

Statistical analyses were performed using SPSS
Statistics for Macintosh, Version 23.0. (IBM Corp.
Armonk, NY, USA). The patients were classified based
on EPA/AA ratio and DHA/AA ratio according to the
general Japanese population from the Hisayama study.
The median values of the serum EPA/AA ratio and
DHA/AA ratio in Hisayama study were 0.41 and
0.93, respectively.

Categorical data are expressed as numbers and
percentages, and differences were analyzed using chi-
square tests. Normality of distribution was tested with
Shapiro-Wilk tests. Differences in continuous vari-
ables between two groups were compared using the
Mann-Whitney tests because a majority of the vari-
ables did not have Gaussian distribution. Compari-
sons between the quartiles of D5D activities were per-
formed using Kruskal-Wallis tests when variables
showed a non-normal distribution, and by one-way
analysis of variance (ANOVA) with Tukey’s honest sig-
nificant difference test to identify differences between
the groups. The correlations were analyzed using the
Spearman tests. Age-adjusted logistic regression analy-
sis was used to assess independent associations
between FA and the presence of 3VD. All the statisti-
cal analyses were two tailed. <0.05 was considered
statistically significant.

Results

Clinical Charcteristics between High and Low
EPA/AA or DHA/AA

Table 1 and 2 summarize and compare the gen-
eral characteristics and biomarkers between the partic-
ipants with low and high EPA/AA and DHA/AA.
Approximately 70% of patients with ACS were classi-
fied into the low EPA/AA and DHA/AA groups.
Serum levels of LDL-C, non-HDL-C, RL-C, and
apoB, and eGFR were significantly higher in the low
EPA/AA and low DHA/AA groups, while serum levels
of triglycerides, MDA-LDL, and hsCRP were signifi-
cantly higher in only the low EPA/AA group. The
serum BNP level was signicantly higher in the high
EPA/AA and low DHA/AA group. The serum levels
of HDL-C, sdLDL-C, apoA-1, apoE, Lp(a), and
HbA1c were comparable between the two groups.
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Table 1. Comparison of clinical characteristics between low and high EPA/AA or DHA/AA

EPA/AA DHA/AA
Low (2 =299) High (» =137) Low (2 =302) High (»=134)

Age, years 62.5+13.9 71.1£10.5** 62.1+13.8 72.1%9.8*
BMI, kg/m? 244+43 23.8%3.6 24.6%4.4 23.2+3.2%
LVEE % 50.3+10.5 51.4+10.7 50.1+10.8 51.9+10.0
Risk factors

Hypertension, % 55.2 62.0 56.6 59.0

Diabetes mellitus, % 23.7 22.6 24.2 21.6

Family History of CAD, % 11.0 8.8 10.9 9.0

Smoking (Current and Former), % 85.3 74.5%* 83.4 78.4
Cardiovascular medication

Calcium Channel Blocker, % 19.1 21.2 21.2 16.4

ACE-I, % 1.7 2.2 2.3 0.7

ARB, % 16.7 25.5" 18.5 21.6

Beta-blocker, % 3.0 8.0 3.6 6.7

Antiplatelet, % 5.7 7.3 5.0 8.2

Data are presented as mean * standard deviation or number (%). *p<0.05; **»<0.01; ***»<0.001 vs. low EPA/AA (<0.41) or low DHA/AA (<
0.93). ACE-I, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin II type 1 receptor blocker; BMI, body
mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention.

Table 2. Comparison of various biomarkers between patients with low EPA/AA or DHA/AA and those with high EPA/AA or DHA/AA

EPA/AA DHA/AA

Low (2 =299) High (» =137) Low (2 =302) High (»=134)
EPA, pg/dl 41.0£19.3 105.6£51.1%* 46.5%29.5 94.6%53.6"**
DHA, pg/dl 114.5+39.2 169.0 £ 44.6*** 113.4%£37.0 172.7 £45.0"**
AA, pg/dl 189.4%58.6 155.3%39.9"** 192.6%56.9 147.3£37.3***
DGLA, pg/dl 412%17.9 29.6%21.3%** 40.617.4 30.5+22.7"**
AA/DGLA 5.05%1.71 6.012.08*** 5.22+1.82 5.65%1.99*
LDL-C, mg/dL 131.7£35.8 121.7+32.6** 132.6%35.3 119.4+33.0%*
Non-HDL-C, mg/dL 156.9+42.0 145.8 +34.8™* 157.3+41.3 144.7 £36.1**
HDL-C, mg/dL 442%11.3 46.4+12.1 44.7+11.4 45.4%12.3
Triglycerides, mg/dL 114.0 (71.0-175.0)  95.0 (66.5-128.5)™" 112.0 (68.0-175.0)  103.0 (70.1-135.3)
sdLDL-C, mg/dL 38.9%21.1 35.8+16.9 39.121.2 35.2%16.2
RL-C, mg/dL 5.5 (3.4-9.0) 4.3 (3.0-6.1)** 5.3 (3.4-8.8) 4.4 (3.0-6.1)**
MDA-LDL, mg/dL 148.7 £67.8 131.3£48.4" 146.3%66.8 136.2£52.3
ApoAl, mg/dL 118.6%22.5 122.9+25.4 119.4%22.1 121.1%26.4
ApoB, mg/dL 106.2+27.2 99.9£24.2* 106.3+27.7 99.5+22.7*
ApoE, mg/dL 4416 41+1.1 44x15 42+1.4
Lp(a), mg/dL 17.3+19.3 16.5£19.0 17.4%19.3 16.4£19.0
HbAlc, % 6.3%1.4 6.1%1.1 6.3%1.4 6.1%1.0
¢GFR, mL/min/1.73 m 2 74.4%23.5 68.3%22.8"* 74.3%23.2 68.4%23.5""
hsCRP, mg/dL 1.10%2.70 0.74%2.24* 1.03%2.64 0.89%2.41
BNP, pg/mL 180.2+334.4 186.4£357.7* 184.3+347.7 177.4%328.5*

Data are presented as mean *standard deviation or median (25% and 75% quartiles). Abbreviations are provided in the text. AA/DGLA is pre-
sented as estimated D5D. *p<0.05; **p<0.01; ***p<0.001 vs. lower EPA/AA (<0.41) or lower DHA/AA (<0.93) by the Mann-Whitney tests.

Correlation between PUFA and Various Biomarkers Table 2). Not EPA, but either DHA, AA or DGLA
Spearman correlation coefficients between PUFA was significantly directly associated with LDL-C, tri-
and biomarkers were computed (Supplementary glycerides, RL-C, and MDA-LDL, whereas PUFA
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Table 3. Comparison of biomarkers between TIMI flow grade 0 and > 1 on the initial coronary angiography

TIMI > 1 (2=193) TIMIO (7 =243)
Age 67.014.0 63.8+13.0%"
EPA, pg/dl 64.7+41.6 58.3+46.4"
DHA, pg/dl 135.1+48.8 128.7+47.5
AA, pg/dl 178.7%58.5 178.7%53.5
DGLA, pg/dl 35.5%15.2 39.2£22.6
EPA/AA 0.40=0.30 0.35%0.33
DHA/AA 0.81%0.35 0.77%0.33
AA/DGLA 5.54%1.95 5.20*1.81
LDL-C, mg/dL 126.3£37.2 130.4%33.4
Non-HDL-C, mg/dL 150.7 £42.5 155.6+38.2
HDL-C, mg/dL 46.2+12.6 43.9+10.6
Triglycerides, mg/dL 109.0 (68.0-151.5) 108.0 (70.0-171.0)
sdLDL-C, mg/dL 36.2%£19.8 39.3+x199
RL-C, mg/dL 4.5 (3.2-7.4) 5.3 (3.5-8.7)
MDA-LDL, mg/dL 141.6£65.4 144.5 +60.8
ApoAl, mg/dL 122.4+25.8 118.0+21.3
ApoB, mg/dL 103.1%27.8 105.1%25.3
ApoE, mg/dL 4215 4415
Lp(a), mg/dL 17.5%20.0 16.8=18.6
HbAlc, % 6.3+1.3 63%+1.3
eGFR, mL/min/1.73 m? 74.1£23.0 71.1+23.8
hsCRE, mg/dL 1.03£2.69 0.95+2.47
BNP, pg/mL 210.3+369.6 159.8+316.3"

Data are presented as mean * standard deviation or median (25% and 75% quartiles). Abbreviations are presented in the
main text. AA/DGLA is presented as estimated D5D. *p< 0.05; **p< 0.01 using the Mann-Whitney tests.

were significantly directly associated with non-HDL-
C, sdLDL-C, apoB, and apoE. In contrast, (EPA+
DHA) /AA was significantly and inversely associated
with LDL-C, non-HDL-C, triglycerides, RL-C, and
apoB.

Comparisons between the Severities of Coronary
Lesions

The biomarkers were compared between the
patients with and without TIMIO (Table 3). Of the
lipid biomarkers, only EPA was significantly lower in
the TIMIO. The biomarkers were compared between
three groups based on the number of stenotic coro-
nary vessels (Table 4). The prevalence of TIMIO grad-
ually decreased with increasing number of stenotic
vessels. Age and serum levels of EPA, EPA/AA, DHA/
AA, HbAlc and BNP gradually increased, while the
prevalences of low EPA/AA and low DHA/AA, DGLA
and apoAl gradually decreased from 1VD to 3VD.
Approximately, 55% and 60% of patients in the 3VD
group were classified into the low EPA/AA and low
DHA/AA groups, respectively. The Japanese dietary
practices have markedly changed since the 1960s, and
fish consumption is decreasing in the younger genera-
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tion®”. The present patients aged > 60 years might

have consumed more fish during their lives. In elder
patients (age > 60 years), only EPA/AA gradually
increased with increasing involvement of the number
of vessels (Supplementary Table 3). According to the
age-adjusted logistic regression analysis, independent
association of EPA/AA and DHA/AA with the pres-
ence of 3VD could not be observed (Supplementary
Table 4).

Comparisons between Quartiles According to the
Estimated D5D Activities

Table 5 summarizes the levels of biomarkers
between the four groups based on quartiles of D5D.
The levels of EPA, DHA, EPA/AA, HDL-C and BNP
increased progressively, while those of LDL-C, non-
HDL-C, triglyceride, sdLDL-C, RL-C, MDA-LDL,
apoB, and apoE decreased progressively from the low-
est to the highest D5D quartile. In contrast, the prev-
alence of DM, HbAlc, DHA/AA, IbLDL-C, and
hsCRP did not differ between the quartiles of D5D.
Multiple studies have demonstrated that decreased
D5D is associated with insulin resistance, obesity, and
incident of DM %2039 D5D activity, DGLA, and
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Table 4. Comparisons of various biomarkers between the three groups based on the number of stenotic coronary arteries

1VD (n=206) 2VD (n=135) 3VD (n=95) P
Age 62.5+13.7 66.4%12.9* 69.4%+12.8"** <0.001
TIMI 0, % 62.1 54.8 43.2 0.008
Low EPA/AA, % 75.2 68.1 54.7 0.002
Low DHA/AA, % 76.7 64.4 60.0 0.005
EPA, pg/dl 55.5%35.6 64.2+55.4 69.1+42.7** 0.024
DHA, pg/dl 126.3%43.7 136.4+56.5 135.9+43.5 0.098
AA, pg/dl 182.5+54.4 178.2£56.8 171.4£56.9 0.203
DGLA, pg/dl 38.3%15.6 37.8%19.2 35.5%27.3"* 0.011
EPA/AA 0.33%0.25 0.39%0.41 0.44%0.28** 0.004
DHA/AA 0.74%0.30 0.810.37" 0.86+0.34™" 0.005
AA/DGLA 5.23+1.83 5.30 % 1.86 5.682.01 0.096
LDL-C, mg/dL 128.6+34.4 130.3+39.1 125.9+30.5 0.793
Non-HDL-C, mg/dL 153.4+38.8 156.0+42.7 150.0+39.7 0.494
HDL-C, mg/dL 45.9%11.6 443%11.8 43.8+11.3 0.216
Triglycerides, mg/dL 108.5 (70.0-171.0) 109.0 (70.0-157.0) 108.0 (64.0-159.0) 0.586
sdLDL-C, mg/dL 37.6%19.1 40.2%20.2 35.3%21.0 0.099
RL-C, mg/dL 5.1 (3.3-8.9) 5.1 (3.5-7.8) 4.3 (3.0-7.7) 0.298
MDA-LDL, mg/dL 142.2+65.0 148.0+61.4 138.7£59.9 0.398
ApoAl, mg/dL 122.4+21.5 118.4+26.4" 116.8£22.9* 0.032
ApoB, mg/dL 104.1+24.9 105.4+28.3 102.6%27.0 0.762
ApoE, mg/dL 43%1.4 44%15 42%1.7 0.446
Lp(a), mg/dL 17.3£20.2 17.8+18.3 15.7%18.2 0.324
HbAlc, % 6.1%1.1 6.4%1.5 6.51.4"" 0.016
eGFR, mL/min/1.73 m? 74.6+23.3 71.4%22.8 69.2%24.4 0.156
hsCRP, mg/dL 0.86%2.45 1.03%2.41 1.19%3.03 0.456
BNP, pg/mL 146.8 £309.5 189.2+283.7** 248.6+456.7** 0.003

Data are expressed as mean * standard deviation or median (25% and 75% quartiles). AA/DGLA is presented as estimated D5D. # Comparisons
between the three groups were performed using Kruskal-Wallis tests. Abbreviations are provided in the main text. *p<0.05, **p<0.01, ***p<

0.001 vs. 1VD, using the Mann-Whitney tests.

other biomarkers were compared between obese and
non-obese patients (Supplementary Table 5). Com-
pared with non-obese patients, obese patients had sig-
nificantly higher levels of AA, DGLA, LDL-C, non-
HDL-C, triglyceride, sdLDL-C, RL-C, MDA-LDL,
apoB, apoE, and HbAlc; significantly lower levels of
DHA/AA, estimated D5D, HDL-C, and Lp(a); simi-
lar EPA/AA and IbLDL-C.

Discussion

There are four novel findings in this report. First,
according to the cutoff levels in the general Japanese
population, levels of LDL-C, non-HDL-C, RL-C,
and apoB were significantly higher in the low EPA/AA
or low DHA/AA groups, while levels of triglycerides,
MDA-LDL and hsCRP were significantly higher in
the low EPA/AA group alone. Second, total throm-
botic occlusion of coronary artery determined by
TIMIO was significantly associated with low EPA
alone. Third, levels of EPA, EPA/AA, and DHA/AA

were unexpectedly the highest in 3VD group, while
more than half the patients were classified into low
EPA/AA and DHA/AA groups. However, this result
was not observed after adjusting for age. Fourth, levels
of LDL-C, non-HDL-C, triglycerides, sdLDL-C,
RL-C, MDA-LDL and apoB decreased progressively
from the lowest to the highest D5D quartile. How-
ever, D5D activity was not associated with coronary
atherosclerosis.

These results are in good agreement with those
of previous reports that both EPA/AA and DHA/AA
were positively associated with age at onset of ACS* 7.
In those studies, more than 15% of patients were on
statins. A previous cross-sectional study with 507
patients (384 men) with acute ST elevation MI
(STEMI) reported that levels of EPA, DHA, EPA/AA
and DHA/AA were significantly lower in patients with
3VD and/or left main trunk disease (LMTD) than
2VD or 1VD. However, in that study, the blood sam-
ples were collected within 8 days of admission, and

the mean LDL-C in 3VD/LMTD was 96.6+31.6
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Table 5. Comparisons of various biomarkers between the quartiles of D5D estimated by AA/DGLA

AA/DGLA Q1 (2=109) Q2 (n=109) Q3 (n=109) Q4 (n=109) P
AA/DGLA 3.29%0.56 4.55%0.30 5.63%0.37 7.92£143
Age, years 60.8%14.1 65.6+12.9 66.3%13.3 68.2%12.9 0.001
BMI, kg/m> 25.7%4.9 24.0%3.3 24.1%4.2 23.0%3.5 <0.001
LVEE % 51.5+8.8 50.3+9.6 50.4+11.8 50.1%11.8 0.748
Prevalence of DM, % 22.0 29.4 22.9 19.3 0.353
HbAlc, % 6.3%1.2 6.2%1.0 63%1.3 6.3%1.6 0.597
EPA, pg/dl 445%229 57.8+37.5" 61.8+38.1" 80.5=62.2*%* <0.001
DHA, pg/dl 119.0+44.5 130.3£49.9 130.5+41.6 146.2 £52.4* 0.001
EPA/AA 0.27%0.18 0.36%0.28" 0.37%0.26" 0.48%0.45" <0.001
DHA/AA 0.72%0.30 0.80%0.33 0.78%0.30 0.85+0.39 0.094
LDL-C, mg/dL 138.9+32.3 127.3%34.0 124.2£37.6 123.8£34.8" 0.005
IbLDL-C, mg/dL 90.9%26.9 88.4+27.4 88.9+30.2 91.2+28.8 0.757
sdLDL-C, mg/dL 46.6+23.0 38.7%18.5" 343+18.9" 32.3%15.8* <0.001
Non-HDL-C, mg/dL 168.6+41.3 152.337.5* 147.9£41.5* 144.9+36.7* <0.001
HDL-C, mg/dL 41.7£9.0 43.9+10.2 45.9+13.9" 482+11.9%% 0.001
Triglycerides, mg/dL 148.0 (93.3-213.8)  112.0 (66.5-170.0)*  101.0 (65.0-153.0)*  87.0 (60.1-119.5)*%*  <0.001
RL-C, mg/dL 7.0 (4.1-11.0) 5.4 (3.3-8.2) 4.8 (3.2-7.9)" 4.1 (3.0-5.5)*%* <0.001
MDA-LDL, mg/dL 167.5%75.3 143.4+54.6" 132.2£53.6* 130.1 £59.4* <0.001
ApoAl, mg/dL 118.3+18.9 118.3+22.0 120.0£25.8 123.2£26.5 0.478
ApoB, mg/dL 114.3%25.0 101.9%26.0* 100.9%27.7* 99.8 +24.6* <0.001
ApoE, mg/dL 49%2.1 42+1.3" 41=1.2" 4.0%0.9" 0.001
Lp(a), mg/dL 17.8+18.8 16.6%18.3 17.1£21.0 16.9*18.8 0.856
¢GFR, mL/min/1.73 m? 75.1%21.4 73.9%22.4 72.4%25.6 68.3%24.0 0.233
hsCRP, mg/dL 0.59%1.37 1.00%2.92 1.02%2.57 1.33%3.06 0.932
BNP, pg/mL 94.2+165.9 131.1+185.5 197.4£356.0" 306.3%504.1*° <0.001

Data are expressed as means * standard deviation, median (25% and 75% quartiles) or number (%). Abbreviations are presented in the main text.
Kruskal-Wallis tests and analysis of variance (ANOVA) with Tukey’s honest significant difference test was used to identify the differences between
the groups. Q1: AA/ DGLA< 4.03, Q2: 4.04<AA/ DGLA<5.07, Q3: 5.08=<AA/ DGLA<6.29, Q4: AA/ DGLAZ6.29. *»<0.05 vs Q1, *p<

0.05 vs Q2, “p<0.05 vs Q3 using Tukey-Kramer post-hoc test.

mg/dL*?. These findings suggest that a majority of
those patients were on statins. In contrast, LDL-C
level in the patients with 3VD in this study was
125.9+30.5 mg/dL and none of the patients were on
any lipid-lowering agents. Therefore, these differences
might have caused discrepancies in the results. Addi-
tionally, positive association of EPA, EPA/AA and
DHA/AA with the presence of 3VD could not be
observed after adjusting for age. Therefore, higher lev-
els of EPA, EPA/AA and DHA/AA may solely reflect
the higher number of elder patients with 3VD.
According to intravascular imaging studies such
as optical coherence tomography (OCT) and intravas-
cular ultrasound (IVUS), the coronary thrombus is
mostly occlusive and sustained in STEMI, whereas it
is usually incomplete and dynamic, or absent in unsta-
ble angina and non-STEMI***. The former occlu-
sive thrombus is associated with plaque rupture that is
associated with thin-cap fibroatheromas, whereas the
latter is associated with plaque erosion. However, these

studies included few patients with ACS with TIMIO.
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Silent plaque ruptures and erosions with subsequent
plaque healing plays an important role in the plaque
growth and the development of coronary stenosis*’. A
previous study demonstrated that low serum EPA was
associated with lipid-rich plaque as evaluated using
integrated backscatter IVUS in patients with CAD*.
A randomized controlled trial to compare open-label
addition of 1.86g EPA and 1.5g DHA for 30 months
in 218 patients with stable CAD treated with statins
reported that higher plasma omega-3 PUFA index—
calculated as (EPA+DHA) / total fatty acids (= 4%)
—prevented the progression of coronary plaque vol-
ume in non-diabetic patients compared with lower
omega-3 index (<3.4%)%’. A recent retrospective
analysis in 60 patients with CAD reported that EPA
therapy was associated with coronary plaque stability,
which is defined as lower lipid index, lower macro-
phage grade, or higher minimum fibrous cap thickness
determined by optical frequency domain imaging®”.
Another previous study suggested that the incorpora-
tion of EPA into platelet membranes might reduce
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platelet aggregation through the formation of prosta-
glandin Hs, which is then converted into prostaglan-
din I5 and thromboxane A3 *¥. In patients with DM,
hyperlipidemia, and high levels of angiopoietin-2, a
6-month treatment with 1.8g EPA significantly
decreased platelet-derived microparticles and sE-selec-
tin®”. We speculated that high EPA might limit the
size of the overlying thrombus®” and protect totally
occlusive thrombus formation in coronary arteries,
which will result in silent progression of coronary ath-
erosclerosis till 3VD and advanced age. Future studies
are required to evaluate the association between PUFA
and coronary morphology such as ruptured or erosive
plaque and healing lesion in patients with ACS.

D5D plays an important role in the production
of both EPA and AA. Alterations in D5D activity have
been reported to be associated with the risk of
CVD'™. In a Swedish population-based prospective
cohort study of 2,009 50-year old men, D5D was
reported to have an inverse correlation with CVD
mortality over a follow-up of 30 years®". Their group
reported that a diet rich in saturated fats decreased
D5D°?. An euglycemic insulin clamp study in 264
American adolescents (average age: 15 years) demon-
strated that D5D was inversely related to serum levels
of triglycerides and fasting insulin whereas it had no
association with BMI and serum levels of glucose,
LDL-C and HDL-C>. Another study reported that
lower D5D was associated with obesity?”. In the pres-
ent study, D5D was significantly lower in obese
patients, while the incidence of DM and HbAlc levels
were comparable between the D5D quartiles. We pre-
viously reported that impaired glucose tolerance and
DM were far more common than normal glucose reg-
ulation in patients with ACS, even though their
HbAlc levels remain within the normal range’”. In
contrast to the general population, an association
between D5D and incidence of DM may not be
detected in patients with ACS. The present study is
the first to demonstrate the markedly inverse associa-
tion of serum LDL-C, especially sdLDL-C, non-
HDL-C, triglycerides, MDA-LDL, RL-C, and apoB,
and levels of the D5D. These findings suggest that
decreased biosynthesis of long-chain PUFA were
clearly associated with impaired metabolism of triglyc-
eride-rich apoB-containing lipoproteins that are
known as atherogenic lipid profiles (ALP). D5D were
significantly associated with serum levels of EPA,
DHA, and AA. According to a meta-analysis of pro-
spective cohort studies investigating plasma PUFA
and CAD outcome, the relative risk and 95% of con-
fidence interval (CI) for CAD for EPA, DHA and AA
were 0.78 (CI 0.65-0.94), 0.79 (CI 0.67-0.93), and
0.83 (CI 0.74-0.92), respectively®. Therefore, it is

conceivable that lower D5D is associated with CAD.
However, the present results fail to demonstrate any
association between D5D and coronary atherosclero-
sis. EPA and AA competed for D5D; however, the
mechanisms underlying the positive association
between EPA/AA and D5D remain to be determined.
Additionally, it remains unclear why only EPA is asso-
ciated with TIMIO. Further studies are needed to clar-
ify the association between metabolism of PUFA or
ALP, and culprit coronary lesions.

The present study has several limitations. A
major limitation is the single center cross-sectional
analysis of only patients with ACS. Like with all cross-
sectional studies, causal relationships cannot be estab-
lished based on this design. Second, we used plasma
concentrations of PUFA and not their compositions
in non-fasting samples, and did not investigate the
intake of PUFA from the last meal. Third, we could
not measure PUFA in erythrocyte membranes and/or
lipoprotein fractions. Fourth, D6D and stearoyl-CoA
desaturase-1, another crucial enzyme of PUFA metab-
olism, were not investigated. Fifth, genetic variations
in FADS1 were not measured'?. These factors should
be investigated in future studies. Multiple studies have
demonstrated that EPA and DHA have different
effects on cardiometabolic risk factors®® >”. The pres-
ent results demonstrated that EPA/AA is a superior
risk marker in assessing ALP than DHA/AA.
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Supplementary Table 1. The correlation between RLP-C assessed by Immnoprecipitation assay and RemL-C by homoge-
nous assay and various biomarkers

Immnoprecipitation assay (7 =311)

Homogenous assay (7 =125)

BMI
LDL-C, mg/dL

Non-HDL-C, mg/dL

Triglyceride, mg/dL
sdLDL-C, mg/dL
Apo B, mg/dL

Apo E, mg/dL
EPA, pg/dl

DHA, pg/dl

AA, pg/dl

DGLA, pg/dl

0.321**
0.382**
0.613™*
0.819™*
0.530™*
0.547**
0.598™*
0.010

0.207**
0.502**
0.563"*

0.224*

0.409™*
0.606™*
0.910™*
0.666**
0.569™*
0.567°**
0.182*

0.297**
0.379™*
0.599™*

Data are expressed as Spearman’s Rho between RL-C measured by different assays and various biomarkers. *p< 0.05, **p< 0.01

Supplementary Table 2. The correlation between PUFA and various biomarkers

EPA, pg/dl DHA, pg/dl AA, pg/dl DGLA, pg/dl (EPA+DHA)/AA
EPA, pg/dl s 0.823** 0.081 -0.155™* 0.782**
DHA, pg/dl DE2E e 0.206** 0.001 0.719**
AA, pg/dl 0.081 0.206* - 0.604™* -0.453™**
DGLA, pg/dl -0.155™* 0.001 QEES 0 -0.442**
(EPA + DHA) /AA 0.782** 0.719** -0.453"* DA e
LDL-C, mg/dL 0.067 0.137** 0.451%* 0.446™* -0.169™*
Non-HDL-C, mg/dL 0.127** 0.265™* 0.571** 0.554"* 0.151**
HDL-C, mg/dL 0.133** 0.065 0.091 -0.092 0.041
Triglycerides, mg/dL 0.030 0.230™* 0.394™* 0.538™* -0.115*
sdLDL-C, mg/dL 0.187** 0.319** 0.470™* 0.556** -0.053
RL-C, mg/dL 0.056 0.225** 0.464™* 0.562™* -0.143™*
MDA-LDL, mg/dL 0.061 0.219™* 0.384*" 0.486** -0.093
ApoAl, mg/dL 0.199** 0.188™* 0.287** 0.162** 0.001
ApoB, mg/dL 0.139** 0.295™* 0.539™* 0.527** -0.117*
ApoE, mg/dL 0.156** 0.348™* 0.495™* 0.474™* -0.060
Lp(a), mg/dL -0.002 0.012 0.014 -0.034 -0.013
HbAlc, % -0.007 0.039 0.062 0.101% -0.016
BMI, kg/m? 0.016 -0.012 0.210™* 0.325™* -0.130™*

Data are expressed as Spearman’s Rho between PUFA and various biomarkers

. *p<0.05, **p<0.01
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Supplementary Table 3. Comparisons of various biomarkers between the three groups based on the number of stenotic coronary
arteries in elderly patients (= 60 years)

1VD (n=121) 2VD (2=92) 3VD (n=77) P
Age 72.1+8.1 73.3£8.7 74.1+8.4 0.199
EPA, pg/dl 59.4+37.2 67.8+41.8 69.9+39.2 0.094
DHA, pg/dl 131.3%44.7 143.4+56.1 136.1+42.1 0.288
AA, pg/dl 163.0£47.0 158.9+39.9 157.0+43.8 0.790
DGLA, pg/dl 33.2+12.5 31.3+12.9 32.9+27.8 0.156
EPA/AA 0.38+0.26 0.43+0.28 0.47 +0.28* 0.039
DHA/AA 0.84+0.31 0.92+0.33 0.92+0.33 0.084
AA/DGLA 5.38+1.96 5.57+1.80 5.66+1.96 0.226
LDL-C, mg/dL 120.1+31.3 119.8+33.0 120.4+29.1 0.889
Non-HDL-C, mg/dL 142.1%34.6 143.2+33.6 140.7 +33.4 0.830
HDL-C, mg/dL 47.0%12.0 45.7+12.7 443%11.9 0.246
Triglycerides, mg/dL 93.0 (62.0-135.0) 97.0 (66.0-125.8) 95.0 (63.0-139.5) 0.944
sdLDL-C, mg/dL 32.9%15.9 35.8+16.2 31.5%17.3 0.129
RL-C, mg/dL 4.2 (3.1-6.6) 4.3 (3.1-6.8) 4.1(2.9-7.0) 0.548
MDA-LDL, mg/dL 135.1%65.4 132.8+52.4 130.0+55.4 0.859
ApoAl, mg/dL 122.1+22.8 120.0+27.9 116.4+24.5 0.153
ApoB, mg/dL 97.4%22.0 97.1£23.5 96.9+24.4 0.952
ApoE, mg/dL 41%1.1 4.0%1.1 3.9%0.9 0.776
Lp(a), mg/dL 20.0£21.0 17.0+18.4 16.3+18.0 0.584
HbAlc, % 5.9+0.6 6.4%1.4" 6.2+1.0* 0.035
eGFR, mL/min/1.73 m? 67.7%22.7 66.4+22.4 65.1%22.1 0.760
hsCRP, mg/dL 1.13+3.01 0.832.12 1.06+2.74 0.805
BNP, pg/mL 206.7+376.5 208.8+287.6 286.9+494.7 0.375

Data are expressed as mean * standard deviation or median (25% and 75% quartiles). AA/DGLA is presented as estimated D5D. Comparisons

between the three groups were performed using Kruskal-Wallis tests. Abbreviations are presented in the text. *»<0.05 vs. 1VD using the Mann-
Whitney tests.

Supplementary Table 4. Logistic regression analysis for the determination of the presence of 3VD

Univariate Age-adjusted
OR ? OR ?
Age 1.031 070 ()1 e eeeeeu
EPA 1.005 0.06 1.004 0.096
EPA/AA 2.100 0.037 1.692 0.125
DHA/AA 2.085 0.026 1.434 0.317

OR, odds ratio
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Supplementary Table 5. Comparisons of biomarkers between obese (BMI = 25 kg/m?) and non-

obese (BMI< 25 kg/m?) patients

BMI< 25 (n=277)

BMI=25 (n=159)

Age

BMI, kg/m?

EPA, pg/dl

DHA, pg/dl

AA, pg/dl

DGLA, pg/dl
EPA/AA

DHA/AA
AA/DGLA
LDL-C, mg/dL
Non-HDL-C, mg/dL
HDL-C, mg/dL
Triglycerides, mg/dL
IbLDL-C, mg/dL
sdLDL-C, mg/dL
RL-C, mg/dL
MDA-LDL, mg/dL
ApoAl, mg/dL
ApoB, mg/dL
ApoE, mg/dL
Lp(a), mg/dL
HbAlc, %

68.4%x12.4
21.9+2.1
62.8£48.3
132.5+47.7
170.4+48.6
33.8+15.6
0.39%0.34
0.82%0.34
5.62%1.97
126.0+34.8
148.5+37.8
46.6+11.9
95.0 (63.3-141.0)
90.5+28.9
35.4%17.7
4.4 (3.1-6.9)
139.5+64.9
121.5%£24.3
101.1£25.4
4112
18.8+20.0
6.1x1.2

59.4+13.5%**
28.2+3.7%**
58.9+36.6
130.3£49.1
194.1 +63.5%**
44.2 242"
0.33+0.25
0.72+0.32**
4.89+1.63***
133.5+35.0"
162.8 +42.3**
42.0+10.6***
132.5 (92.3-213.3)***
89.1+27.3
42.5+22.6**
6.5 (4.1-11.6)***
150.5+58.3*
117.3%21.9
109.9+27.0**
4.7+1.9%
14.2+17.5**
65+15%

Data are expressed as mean * standard deviation or median (25% and 75% quartiles). AA/DGLA is presented as
estimated D5D. *p<0.05, **»<0.01, ***»<0.001 using the Mann-Whitney tests.

1229




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


