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ble 4 Stepwise Multiple Regression Analysis Predicting Contributors to
B Crythrocyie Filterability (N = 320)
model F R P Covariates (p)
1 2650 0.259 0.008 Atrial fibrillation (0.023), Triglyceride (0.025), HbA1c
(0.040), BMI (0.295) Current smoking (0.346), MCV
(0.367), SBP (0.538), CKD (0.848)
2 3.034 0.259 0.004 Atrial fibrillation (0.023), Triglyceride (0.024), HbAlc
(0.036), BMI (0.298) Current smoking (0.346), MCV
(0.366), SBP (0.557)
3 4.077 0273  0.001 Atrial fibrillation (0.004), Triglyceride (0.022), HbAdlc
(0.061), BMI (0.258) Current smoking (0.224), MCV
(0.389)
4 4748 0.269 < Atrial fibrillation (0.003), Triglyceride (0.019), HbAlc
0.001 (0.088), BM! (0.326) Current smoking (0.177)
5 5.835 0.265 < Atrial fibrillation (0.002), Triglyceride (0.010), HbAlc
0.001 (0.070), Current smoking (0.196)

F, F-value for fitness of multiple linear regression; P, probability for trend toward fitting the
regression; p, probability of significant covariate contribution; R, multiple correlation coefficient.
Other abbreviations are the same as in Table 1.

on the progression of CAD is not fully elucidated. In the present
study, a highly sensitive and reproducible filtration technique was
applied to the actual cardiac outpatients to assess the circulating
intact erythrocyte filterability (whole cell deformability) in relation
to coronary risk factors. Univariate analyses found significant impact
of triglyceride (p = 0.004), HbAlc (p = 0.014), body weight (p =
0.020), and CKD (p = 0.041) on the impairment of the erythrocyte
deformability, but multiple regression analysis demonstrated that
nonvalvular AF was the greatest contributor to the impaired
deformability, indicating that coronary risk factors including AF
impair the erythrocyte filterability synergistically.

Erythrocyte Deformability and Coronary Risk Factors

Itis generally accepted that erythrocyte deformability is determined
by 1) erythrocyte membrane material properties; 2) internal density
as reflected by MCHC; and 3) cellular geometric factors as reflected
by MCYV, surface-to-volume ratio and erythrocyte shape.! Therefore,
abnormal erythrocyte membrane properties, increased MCHC or
MCYV, and several kinds of shape changes impair the deformability
individually or in concert. There were no discernible erythrocyte
shape changes in this study population. There were contributions of
AF, triglyceride and HbAlc, but not of MCV or MCHC, to the
deformability (Tables 3, 4). These findings indicate that impaired
deformability mainly arises from erythrocyte membrane properties
which may be altered by coronary risk factors such as hypertension,
dyslipidemia, diabetes in addition to smoking.’

Erythrocyte membrane lipid components have profound influence
on membrane fluidity and hemorheologic functions.! The present
study demonstrated the association of impaired deformability with
elevated serum triglyceride as in our previous study,’ suggesting
altered erythrocyte membrane integrity and lipid composition
in hypertriglyceridemia.” Reportedly, our recent study clarified
that diabetic erythrocytes show the impaired filterability and
this impairment is enhanced by other risk factor such as smoking
causing potent oxidative stress.”® In this study, HbAlc is inversely
proportional to the filterability (Table 3) and a marginal contributor
to the impaired filterability (Table 4). Tsuda"™ demonstrated the
increased erythrocyte membrane rigidity in hypertensive patients
by electron spin resonance study. Therefore, the main cause of the
impaired erythrocyte filterability is attributed to the erythrocyte
membrane abnormalities in diabetic, hypertensive or dyslipidemic

1) clarified that deformability is markedly impaired in human

erythrocytes exposed to acute oxidant stress.’*'¢ Relative to such
severe oxidant stress in vitro, mild oxidant stress in vivo as in above
common diseases also causes persistent erythrocyte membrane lipid
peroxidation and disturbs deformability."

Erythrocyte Deformability in AF

Development of nonvalvular AF is known to be accelerated by risk
factors common to those of CAD, because CHADS and CHA DS -
VASc scores predict not only the risk of ischemic stroke but also the
new onset of AF."® Actually, more than half of enrolled patients are
diabetic (69%), and one third of them are current smokers (37%)
in the present study (Table 2). Moreover, major coexisting diseases
are CKD (43%), hypertension (33%), dyslipidemia (32%) and CAD
(15%). In this meaning, patients’ profile of this study is similar to the
Fushimi AF Registry, which is a Japanese domestic survey of AF
patients conducted in urban community.”

AF is a common arrhythmia in clinical practice, and characterized
by abnormal hemorheology in left atrium (LA) such as elevated
hematocrit value and fibrinogen concentration.”?! Stagnant blood
within the enlarged fibrillating LA appendage shows procoagulative
state under erythrocyte hyperaggregability and elevated platelet
reactivity?*® Activated platelets release prostaglandin E2, which
enhances calcium entry into erythrocytes leading to the impairment
of erythrocyte deformability.**? AF is associated with oxidant stress
via increased LA wall superoxide production or angiotensin II
type 1 receptor-mediated pathway.”** Such local LA environment
oxidizes erythrocytes and impairs the deformability.”!® Erythrocyte
dynamics are improved by medication such as statin,®® aspirin,”
Ca antagonists”™ and eicosapentaenoic acid.*® These agents were
prescribed to AF patients associated with CAD for coronary risk
reduction and rate control of AF. Such therapeutic effects may have
attenuated the impairment of the erythrocyte deformability in AF
patients in this study.

It is questionable whether AF is an independent risk of ACS.%!
Reportedly, total cholesterol content of erythrocyte membrane is
increased in the patients with ACS,* which is ameliorated by statin
therapy.*** Increased cholesterol content reduces the erythrocyte
membrane fluidity and impairs the deformability leading to
erythrocytes aggregation and coronary flow slowing.®% This study
excluded patients with ACS, and the answer for this question awaits
future cohort investigating erythrocyte deformability in ACS patients
with AF and that in ACS patients without AF.

Limitations

This study has several limitations. First limitation is small
sample of patients (n = 320) treated at the discretion of attending
physicians. Nonvalvular AF with few episodes of paroxysms may

Table 5: Cross Table of Atrial Fibrillation and Coronary Risk Factors ‘

Hypertension Dyslipidemia Diabetes Current
(+) (+) mellitus (+)  Smoking
(+)
Atrial fibrillation (+)n=33 24 20 18 16
Atrial fibrillation (-) n = 287 83 83 202 103
N =320 n =107 n=103 n =220 n=119
p < 0.001 <0.001 0.063 0.156

n, number of subjects in a specific group; N, total number of subjects

patients. Previous studies using this filtration technique (Fig.
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Téb!e UH Effects of Coronary Risk Accumulation on Erythrocyte Filterability

Coronary Risk Factors Erythrocyte Filterability (%)

no risk factor 88.8+0.3
Hypertension 87.8+03
Hypertension + Dyslipidemia 874+04
Hypertension + Dyslipidemia + Diabetes mellitus 86.9+0.7
Hypertension + Dyslipidemia + Diabetes mellitus + Smoking 863109
Hypertension + Dyslipidemia + Diabetes mellitus + Smoking +  86.1+ 1.0

Atrial fibrillation

Multiple comparison of the erythrocyte filterability during the stepwise accumuiation of coronary

risk factors showed highly significance (p < 0.001).
have been dismissed in this study population. Second limitation is
a cross-sectional nature of study design. Coronary risk factors were
considerably accumulated in the AF patients group in that average
CHA,DS,-VASc score was 3.30 + 0.24. However, unlike in the other
study,” impaired erythrocyte deformability in AF patients could
not be correlated to the ischemic stroke in this study partly due to
intensive anticoagulation. Finally, erythrocyte filterability shows
small intergroup differences and intragroup deviations (Tables 2 and
6). This is due in part to the aforementioned medication, but in other
part due to high sensitivity and reproducibility of our methodology.
Filtertability of erythrocytes obtained from healthy volunteers
(positive control) was 88.8 + 0.3% (Table 6), and that of erythrocytes
exposed to severe oxidant stress was declined to 20% (negative
control) leading to filter occlusion or hemolysis.”* Therefore, our data
presented in this study reflects mildly pathological human erythrocyte
behaviors leading to impaired but not occluded microcirculation in
vivo under treatments.

Conclusions:

This study investigated the intact human erythrocyte deformability
in relation to coronary risk factors of actual cardiac patients. Multiple
regression analysis showed that nonvalvular AF is unexpectedly and
mostly attributable to the impaired erythrocyte deformability among
other coronary risk factors, reflecting nonvalvular AF as an outcome
of multiple coronary risk accumulations. Therefore, this small sample
study should be validated by a future cohort to validate the important
hemorheorologic role of erythrocytes playing in prothrombotic state
leading to ischemic stroke associated with AF.
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Abstract

A reduced ratio of plasma eicosapentaenoic acid—arachidonic acid (EPA-AA) is a newly recognized atherosclerotic risk factor.
This ratio has not been fully investigated in peripheral artery disease (PAD). Seventy Japanese patients with atherosclerotic
risk factors were enrolled and divided into 2 groups, those with PAD (group A: n = 38) and those without PAD (group B: n = 32).
The EPA-AA ratio (P = .001) and ankle—brachial index (ABI: P <.001) in group A were significantly lower than those in group B.
Univariate and multivariate analyses demonstrated that EPA-AA, ABI, and prescription of clopidogrel had significant
correlation with PAD. Given the appropriate cutoff values, EPA-AA (odds ratio [OR] = 11.7, 95% confidence interval [Cl] =
3.0-45.8; P < .001) and ABl (OR = 44.0, 95% Cl| = 5.4-358.5; P < .001) are factors independently associated with PAD.

In conclusion, this study demonstrated that reduced plasma EPA/AA may underlie PAD at least in japanese.

Keywords

ankle—~brachial index, atherosclerosis, eicosapentaenoic acid, arachidonic acid, peripheral artery disease

Introduction

Peripheral artery disease (PAD) is one of the major

atherosclerotic manifestations, showing progressive lipid,’

inflammatory cell, and fibrous matter accumulation in
peripheral arteries in the lower extremities. Peripheral artery
disease impairs not only the quality of life but also the long-
term prognosis of patients with atherosclerosis due to the coex-
isting coronary artery disease (CAD), which is a major cause
of mortality and morbidity in patients with PAD.

Reportedly, relative risk of dying in patients with PAD
compared with that in controls is 3.1 for deaths from all
causes, 5.9 for all cardiovascular deaths, and 6.6 for deaths
from CAD.' An increasing body of evidence indicates that
dietary intake of fish-derived polyunsaturated fatty acid
shows favorable outcome in patients with CAD,*’since
plasma essential fatty acids and their profile exert protective
effects against atherosclerotic progression. The Japan eico-
sapentaenoic acid (EPA) lipid intervention study (JELIS)
showed for the first time that additive administration of
purified EPA reduced coronary events by 19% in patients
undergoing statin prescription.* Moreover, subanalyses of
JELIS demonstrated that EPA reduced the incidence of
recurrsent stroke® and of CAD in patients complicated with
PAD.

Dietary essential fatty acids are classified into n-3 (eg, EPA)
and n-6 (eg, arachidonic acid [AA]) groups, and the metabo-
lites of these fatty acids have mutually opposing effects on
CAD. Therefore, the balance of plasma n-3 and n-6 fatty
acids is linked to the progression of CAD.” The plasma
EPA-AA ratio is an atherosclerotic biomarker reflecting the
intrinsic n-3/n-6 ratio. However, clinical studies investigating
the association of plasma EPA-AA ratio with the incidence of
PAD are limited.®

According to the JELIS trials,*® we hypothesized that
among other conventional atherosclerotic risk factors, the
intrinsic plasma EPA-AA ratio plays a key role in the develop-
ment of PAD that requires endovascular therapy. Therefore,
the present study was designed to test this hypothesis.
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Patients and Methods
Participants

This study was approved by the Institutional Review Board
concerning Ethics of Clinical Research and performed from
March to September 2010, according to the Declaration of
Helsinki (2001). Japanese patients who were referred to
Kyushu University Hospital for thorough examinations of
suspected atherosclerosis were consecutively nominated in this
study. Among 81 hospitalized patients, 70 consecutive patients
without the prescription for purified EPA (1800 mg/d) were
finally enrolled. Informed consent was obtained from each
patient after admission for acquisition of data concerning
plasma EPA-AA ratio.

Ankle-brachial index (ABI) was evaluated routinely in our
vascular laboratory (ABI Form, Omron-Colin, Tokyo, Japan)
for all the hospitalized patients. ABI was assessed utilizing
both the anterior and the posterior tibial arteries.” Additionally,
2 kinds of duplex ultrasonography (Xario, Toshiba Medical
Systems, Otawara, Japan; 1E33, Philips Electronics Japan,
Tokyo, Japan) were applied routinely to bilateral carotid, renal,
and peripheral arteries in lower extremities. When ultrasono-
graphy showed positive findings, a further imaging protocol
was added for endovascular therapeutic strategies, that is,
contrast-enhanced multidetector computed tomography (Aqui-
[ion TSX-101A, Toshiba Medical Systems) and 2 different
superconductive magnetic resonance imaging units (Signa,
General Electric Medical Systems, Milwaukee, Wisconsin;
Magnetom Vision & Symphony Units, Siemens, Erlangen,
Germany) were involved.

These patients showing atherosclerotic risk factors were
divided into 2 groups, those with PAD (group A: n = 38)
and those without PAD (group B: n = 32). Group A included
patients with CAD (n = 20), carotid artery stenosis (n = 3), and
renal artery stenosis (n = 6), whereas group B included CAD
(n = 23). Endovascular therapy for PAD was successful in all
the patients in group A.

Protocol

Baseline characteristics and drug prescriptions were investi-
gated using medical records. Demographic variables, con-
ventional atherosclerotic risk factors, plasma EPA-AA
ratio, and prescription were analyzed in the 2 groups. Data
collection and analyses were performed blindly by different
physicians. Hypertension was defined as casual blood
pressure >149/90 mm Hg and/or ongoing antihypertensive
treatment.'® Diabetes was defined as HbA,, >6.5% and/or
antidiabetic medication. Dyslipidemia was also defined as
serum low-density lipoprotein (LDL) cholesterol >140 mg/
dL, serum high-density lipoprotein (HDL) cholesterol
<40 mg/dL or the prescription of lipid-lowering agents.!!
Medication included antiplatelet agents (aspirin, clopidogrel,
cilostazol, and ticlopidine) for atherosclerosis, statins for dysli-
pidemia, antihypertensive agents (calcium antagonists, a-block-
ers, PB-blockers, angiotensin-converting enzyme inhibitors,

angiotensin receptor blockers) for hypertension, and hypoglyce-
mic agents (sulfonylurea, metformin, and x-glucosidase inhibi-
tors) for type 2 diabetes. Prescription was not altered in any
patient during the study.

Data Analysis

Continuous data are expressed as means + standard deviation,
and categorical data are expressed as numbers (n) and per-
centage in parentheses. For continuous data, the normality
of the distribution was examined by the Kolmogorov-
Smirnov test, Intergroup comparison of continuous data was
made by Student ¢ test for normally distributed data, and by
Mann-Whitney U test for other data. Comparison of contin-
uous data among more than 2 groups was performed by
analysis of variance (ANOVA) for normally distributed
data, and by Kruskal-Wallis test for other data. Categorical
data were analyzed by Fisher exact test or Pearson 3 test
with Yates continuity correction, if necessary. The assump-
tions used for power calculations required a sample size of
more than 20 patients per group without any dropout cases
to provide 80% power to detect a 5.0% difference in plasma
EPA-AA ratio, with a 5% type I error rate for a 2-sided test.
Univariate analysis was conducted by Spearman rank corre-
lation test. Baseline characteristics showing significant dif-
ference in univariate analysis were Incorporated into
multivariate analysis. Receiver—operating characteristic
(ROC) curves providing cutoff values of EPA-AA and ABI
were constructed. Practical computation was performed
using Predictive Analytics Software (PASW) 18.0 version
for Windows (SPSS, Inc., IBM, Chicago, Illinois). A 2-
sided P < .050 was considered significant.

Results

Kolmogorov-Smirnov test demonstrated that distributions
of plasma endogenous EPA-AA ratio (P = .007), ABI
(P < .001), and serum high-sensitivity C-reactive protein
(hsCRP; P < .001) were not normal. Table 1 shows compari-
sons of the demographic variables, distribution of atherosclero-
tic risk factors, laboratory data, and prescriptions between
groups A and B. There were no differences in the incidence
of hypertension, hyperuricemia, type 2 diabetes, dyslipidemia,
CAD, and thoracoabdominal aortic aneurysm. Incidence of cur-
rent smoking was equivalent. In laboratory investigations, plasma
EPA concentration (P = .008), EPA-AA ratio (P = .001), and
ABI (P < .001) in group A were significantly lower than those
in group B, whereas the difference in plasma AA concentration
between the 2 groups was marginal (P = .050), indicating that the
significantly lower plasma EPA-AA ratio in group A is due
mainly to the lower EPA concentration. On the other hand,
hsCRP showed no significant intergroup difference (P = .813).
Distribution and difference of plasma EPA-AA ratio are detailed
in Figure 1. With respect to medication, prescriptions of clopido-
grel (P = .038) and hypoglycemic agents (P = .032) in group A
were significantly more frequent than those in group B.
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Table 1. Comparisons of Demographic Variables Between Group A
and Group B?

Group A Group B P
N 38 32
Age, years 69.8 + 6.6 69.6 + 9.2 .909
Sex, FIM 1127 6/26 322
BMI, kg/m? 239 + 34 243 + 39 607
Current Smoking, % 76.3 719 672
Hypertension, % 89.5 93.8 524
Diabetes mellitus, % 684 46.9 .068
HbA,, % 65 + 1.0 62 + 1.3 433
Dyslipidemia, % 76.3 844 401
TC, md/dL 178 + 37 173 + 35 .554
LDL-C, mg/dL 102 + 29 97 + 32 495
HDL-C, mg/dL 47 + 9 47 + 12 921
TG, mg/dL 148 + 61.5 132 + 70 .205
EPA, mg/dL 543 + 253 69.7 + 27.0 .008
AA, mg/dL 1644 + 402 1466 + 317 .050
EPA-AA ratio 033 + 0.13 0.50 + 0.22 .001
Hyperuricemia, % 316 219 363
Uric acid, mg/dL 59+ 16 62 + 1.3 400
hsCRP, mg/dL 0.54 + 0.96 0.19 + 0.25 813
Serum Cr, mg/dL 1.38 + 1.43 1.19 + 131 641
eGFR, mLU/min/1.73 m? 59 + 23 6! + 19 513
ABI 0.84 + 0.26 .1t + 010 <00l
CAD, % 526 71.9 .099
TAA-AAA, % 20 375 129
Medication, %
Aspirin 86.8 81.3 522
Clopidogrel 526 28.1 .038
Ticlopidine 158 18.8 743
Woarfarin 53 6.3 .859
Cilostazol 15.8 3.1 .078
Statin 84.2 78.1 514
Calcium blockers 47.4 53.1 631
RAS inhibitors 60.5 68.8 474
Hypoglycemic agents 500 25.0 .032

* Dara are presented as percentage or mean + standard deviation.
Abbreviations: AA, arachidonic acid; AAA, abdominal aortic aneurysm: ABI,
ankle—brachial index; BMI, body mass index; CAD, coronary artery disease;
eGFR, estimated glomerular filtration rate; EPA, eicosapentaenoic acid;
HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity
C-reactive protein; LDL-C, low-density lipoprotein cholesterol; RAS, renin—
angiotensin system; TAA, thoracic aortic aneurysm; TC, total cholesterol;
TG, triglyceride.

Table 2 shows the results of univariate and multivariate
analyses concerning PAD. In the univariate analysis, variables
showing significance in Table 1 were investigated. As an
essential fatty acid profile, EPA-AA ratio but not absolute
plasma EPA concentration was adopted. Consequently, all
variables revealed significant contribution to PAD. In multi-
variate analysis, plasma EPA-AA ratio (P = .018), ABI (P =
.001), and prescription of clopidogrel (P = .014) remained as
independent factors related to the presence of PAD. The rela-
tionship between plasma EPA-AA ratio and ABI was further
examined (Figure 2). Linear regression of ABI (y) as a function
of EPA-AA (x) was significant (y = 0.366x + 0.812, #* = .089;
P = 013).
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Figure |. Distribution of the ratio of plasma eicosapentaenoic acid and
arachidonic acid (EPA-AA). The EPA-AA ratio in group A (n = 38) was
significantly (P = .001) lower than that in group B (n = 32).

Table 2. Univariate and Multivariate Analyses of Demographic
Variables in PAD

Univariate Multivariate
Variables R P B P
EPA-AA —.427 <.001 ~5.053 018
ABI —.548 <.00! —8.615 .001
Clopidogrel 251 039 —-1.902 014
Hypoglycemic agents .256 .033 - -

Abbreviations: AA, arachidonic acid; ABI, ankle~brachial index; EPA, eicosapen-
taenoic acid; PAD, peripheral artery disease.

Analysis of ROC curves was performed to obtain the opti-
mal cutoff values of plasma EPA-AA ratio and ABI for diag-
nosing PAD (Figure 3). The areas under the curve for plasma
EPA-AA ratio and for ABI were 0.734 and 0.824, respectively.
It is of note that ABI shows high specificity under a wide range
of sensitivity. Optimal cutoff value of the EPA-AA ratio was
0.43 and that of ABI was 0.90 as addressed by meta-analysis.'
Considering the high specificity of ABI, the cutoff value of the
plasma EPA-AA ratio was set at 0.49 to improve its own sen-
sitivity, whereas that of ABI was set at the optimal level (0.90).
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Figure 2. Relationship between plasma EPA-AA ratio and ankle—
brachial index (ABI). AB! (y) is shown as a function of EPA-AA (x),
yielding a linear regression of y = 0.366x + 0.812 (** = .089, P =
.013). EPA indicates eicosapentaenoic acid; AA, arachidonic acid; AB|,
ankle~brachial index.

Table 3 shows the sensitivities and specificities of these 2 vari-
ables for the diagnosis of PAD under these cutoff values. It is of
note that these 2 variables showed a sharp contrast, that is, sen-
sitivity of EPA-AA was superior to that of ABI, while specifi-
city of ABI was superior to that of EPA-AA, as in the
literature.'* Under these cutoff values, diagnoses of PAD by
plasma EPA-AA ratio (odds ratio [OR] = 11.7, 95% confi-
dence interval [CI] = 3.0-45.8; P <.001) and by ABI (OR =
44.0, 95% C1 = 5.4-358.5; P < .001) were highly significant.

Plasma essential fatty acid profile is known as a common
risk factor for PAD and CAD in the Edinburgh Artery
Study.®' In order to compare the diagnostic significance of
EPA-AA ratio in PAD with that in CAD, these patients were
subdivided as follows: patients with CAD and PAD (group
Al: n = 20), those with PAD and without CAD (group A2:
n = 18), those with CAD and without PAD (group Bl: n =
23), and those with neither CAD nor PAD (group B2: n =9).
Plasma essential fatty acid profile was compared among
the 4 subgroups (Table 4). There were significant differences
in plasma EPA concentration (P = .032) and EPA-AA ratio
(P = .002) among the subgroups. Furthermore, given the same
cutoff value as in PAD (0.49), sensitivity and specificity of this
ratio concerning CAD were 74.1% and 23.3%, respectively.
Sensitivity of this ratio for CAD tended to be lower (P = .052)
than that for PAD, and specificity for CAD was significantly
(P = .016) lower than that for PAD.

Discussion

In the present study, plasma endogenous EPA-AA ratio and
conventional atherosclerotic risk factors were analyzed in 70
consecutive Japanese patients with (group A) or without

(group B) PAD. This study showed that EPA-AA and ABI
in group A were significantly lower than those in group B
(Table 1) and were independently associated with PAD by mul-
tivariate analyses (Table 2). The EPA-AA (OR = 11.7, 95%
Cl = 3.0-45.8, P < .001) showed high sensitivity, and ABI
(OR = 44.0,95%CI = 5.4 - 358 5, P <.001) showed high spe-
cificity (Table 3). Because of the linear regression between
EPA-AA and ABI (Figure 2), reduced plasma EPA-AA ratio
may indicate an etiological insight into PAD.

A series of JELIS trials conducted in Japanese atherosclero-
tic patients demonstrated that adjunctive prescription of EPA
(C20: 5n-3) reduced the incidence of major coronary events,*
recurrent stroke,” and CAD in patients complicated with PAD.®
However, there is limited data conceming direct relationship
between essential fatty acid and PAD. In Western countries,
Edinburgh Artery Study did not clarify the cross-sectional rela-
tionship of plasma EPA and the incidence of PAD by a
population-based approach.® In contrast, strong association of
plasma EPA-AA ratio with PAD was obtained by this study
(Tables 2 and 3). This discrepancy seems to be attributable to
the different ethnicity and study design. This is a case—control
study using Japanese atherosclerotic patients. Ethnic difference
in essential fatty acid profile depends greatly on fish consump-
tion.'* Baseline EPA-AA ratio in Japanese is greater than that
in Westerners,'> which makes international comparison of
domestic lipid investigations difficult. The Edinburgh Artery
Study demonstrated that n-3 fatty acids, especially docosapen-
taenoic acid (C22: 5n-3),'®exert protective effects against
PAD.® Although diagnosis of PAD in a population approach
is limited to history taking and ABI estimation,'” their findings
are compatible with those of this study, that is, the essential
fatty acid profile remained as an independent factor related to
PAD (Table 2).

Atherosclerotic prevention by additive administration of
purified EPA is evident.*® Metabolites of AA (C20: 4n-6),
such as leukotriene B4, have proinflammatory effects, whereas
n-3 fatty acids, such as EPA and docosahexaenoic acid (DHA;
C22: 6n-3), antagonize AA cascade and show vasodilating,
antiplatelet, and antithrombotic actions leading to prevention
of atherosclerosis.'®2° Both EPA and DHA have been shown
to reduce cardiovascular mortality possibly mediated by
improving the plasma lipid profile, endothelial function, and
attenuating inflammatory or oxidative stress.”’ Moreover, n-3
fatty acid intake has been shown to improve hemorheology
such as blood and plasma viscosity,”'?? platelet function,?"**
and erythrocyte deformability.”’* These favorable biochem-
ical, hematological, and hemorheologic effects of n-3 fatty acid
exert synergistic protective action against CAD and PAD. It is
reported that EPA-AA relates to the severity of CAD,>>%¢
which is partly confirmed in the present study (Table 4). Plate-
let function is reported to be more activated in PAD patients
than in CAD patients, which is probably due to diffusely
injured systemic arterial bed in PAD.?” Activated platelets lead
to their aggregation that is sensitive to EPA.* Platelet aggrega-
tion is deeply involved in atherothrombotic progression by
multiple pathways mediated by thromboxane A2, adenosine
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Figure 3. Receiver—operating characteristic curves for diagnosis of PAD by plasma EPA-AA ratio (A) and ABI (B). Area under the curve for EPA-AA s
0.734, and that for ABl is 0.824. EPA indicates eicosapentaenoic acid; AA, arachidonic acid; ABl, ankle-brachial index; PAD, peripheral artery disease.

Table 3. Comparison of Plasma EPA-AA Ratio and ABI in PAD

PAD
&) (=) Total Sensitivity (%) Specificity (%) OR 95% Cl
EPA-AA <0.49 35 16 5
>0.49 3 16 19 92.1 50.0 1.7 3.0-45.8
Total 38 32 70
ABI <0.90 2 [ 23
>0.90 15 30 45 59.5 9.8 44.0 5.4-358.5
Total 37 30 68

Abbreviations: AA, arachidonic acid; ABI, ankle-brachial index; Cl, confidence interval; EPA, eicosapentaenoic acid; OD, odds ratio; PAD, peripheral artery
disease.

Table 4. Comparisons of Essential Fatty Acid Profile in 4 Subgroups®

A B

Subgroup Al A2 Bl B2 P

PAD (+) ) (=) =)

CAD ) ) - (=)

n 20 18 23 9

EPA, pg/mL 479 + 187 624 + 29.7 67.7 + 274 748 + 26.6 .032
" AA, pg/ml l6l.l + 442 168.1 + 36.0 145.7 + 35.0 148.7 + 229 229

EPA-AA 0.30 + O.11 037 + 0.14 0.50 + 0.25 051 + 0.17 .002

Abbreviations: AA, arachidonic acid; CAD, coronary artery disease; EPA, eicosapentaenoic acid; PAD, peripheral artery disease.

* Dara are presented as number of patients or mean + standard deviation.

diphosphate, and platelet-derived growth factor.”® These This single-center study has limitations due to small

indicate that EPA-AA improvement may exert protective samples analyses and cross-sectional design. Therefore, this

action against both PAD and CAD. study does not guarantee the predictive value of EPA-AA ratio
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for future development of PAD in atherosclerotic patients.
Incidence of smoking was equivalent between the 2 groups
in this study (Table 1). However, dietary intake of polyun-
saturated fatty acids is well known to prevent atherosclerotic
disease.”” Antioxidative vitamin supplementation also has
potential impact on the prevention and suppression of PAD.*
Therefore, nutritional background should have been matched
more strictly.

In conclusion, the present study has indicated that plasma
EPA-AA ratio and ABI are 2 factors independently associated
with PAD at least in Japanese atherosclerotic patients. Because
of the linear regression between EPA-AA and ABI, reduced
plasma EPA-AA may underlie PAD. However, it is unclear
in this study whether reduced plasma EPA-AA ratio as a newly
recognized lipid biomarker predicts future development of
PAD. Therefore, prospective studies are required to resolve
this issue.
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Concept and Real World of Insulin-Resistant Cardiomyopathy
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Abstract

Myocadium selects metabolic substrates, and energy cost efficiency is different among these substrates.
The general concept that is widely accepted to date is that myocardial substrate selection (so-called metabolic
switch) is impaired under the pathological conditions such as heart failure and myocardial ischemia. So far,
direct correlation between insulin resistance and mechanical cardiac performance has been poorly understood.
Insulin resistance causes hypertension, hyperglycemia, dyslipidemia and sympathetic acceleration, and all
these abnormailties increase cardiac workload. Therefore, cardiac energy demand-supply imbalance occurs
due to impairment of myocardial glucose uptake and subcellular insulin signaling. Such myocardial
metabolic dysregulation causes subclinical heart failure, and this situation is currently defined as insulin-
resistant cardiomyopathy. This type of cardiomyopathy is visualized by cardiac imaging techniques such as
positron emission tomography and magnetic resonance imaging, showing myocardial triglyceride
accumulation (cardiac steatosis) and impaired glucose uptake in spite of preserved' coronary perfusion.
Therapeutic intervention to this cardiomyopathy is expected by life style normalization and drug intervention

such as glucagon-like peptide-1 (DLP-1) agonists and dipeptidyl peptidase-4 (DPP-4) antagonists.
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Figure 1: Physiological effects of visceral fat on various organs.
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Health-Related Parameters in Adults with Congenital Heart Diseases:

Comparison of Ventricular Septal Defect and Tetralogy of Fallot
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Abstract

Adult congenital heart disease is currently prevalent due to improved procedures of open heart surgery and
perioperative intensive care. The present study aimed to investigate the health-related parameters in adult
patients with ventricular septal defect (VSD, n = 11) and tetralogy of Fallot (TOF, n = 13), which are
representatives of congenital heart diseases. Age- and sex-matched participants of health check-up program
were served as controls (n = 29). Somatic growth such as body weight (p = 0.038) and height (p = 0.009) was
significantly poor in the TOF group relative to the control group, whereas blood pressure was equivalent
among the three groups. Fasting glucose level in the TOF group was significantly elevated than that in two other
groups (p < 0.001), whereas total cholesterol level was significantly lower in the TOF group than that in the VSD
group (p = 0.030) an& the control group (p = 0.011). Considering fetal cyanotic stress and low cardiac output in
TOF, these results were compatible with fascinating hypothesis of fetal origins of adult diseases such as diabetes.
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