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Does administration of eicosapentaenoic acid increase soluble
thrombomodulin level in statin-treated patients with stable coronary
artery disease?
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Abstract

Interventions targeting the serum eicosapentaenoic acid (EPA)/arachidonic acid (AA) ratio could be useful for the preven-
tion of coronary artery disease (CAD). Few data exist regarding the effects of administration of EPA on the serum levels
of soluble thrombomodulin (sTM) as a marker of endothelial damage, or on the relationship between the sSTM and EPA/
AA ratio in patients with CAD receiving statin treatment. We assigned stable CAD patients already receiving statin therapy
to an EPA group (1800 mg/day: n=50) or control group (n=>50). A significant increase of the STM level was observed in
the EPA group as compared to that in the control group 0.40 (0.10/0.70) FU/mL vs. 0.20 (0/0.40) FU/mL, p=0.004 at the
6-month follow-up examination. Multivariate regression analysis after adjustments for coronary risk factors and changes
of the serum lipid levels identified an increased EPA/AA ratio as an independent predictor of increased serum sTM level
($#=0.244, p=0.02). The results suggest that an increased sTM level caused by additional administration of EPA to statin
might be associated with an increased EPA/AA ratio. The increase of the serum sTM after administration of EPA might
reflect an increase of the TM expression on the endothelial surface rather than endothelial damage in CAD patients under
statin treatment.

Clinical Trial Registration Information UMIN (http://www.umin.ac.jp/), Study ID: UMIN000010452.
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Introduction

Decreased mortality from coronary artery disease (CAD)
has been ascribed to the beneficial effect of the two major
n-3 polyunsaturated fatty acids (n-3PUFAs): eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA), both of
which are contained in fish [1, 2].

The Japan EPA Lipid Intervention Study (JELIS) rand-
omized as treatment with a statin alone or a statin plus highly
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purified EPA at a dose of 1800 mg/day demonstrated that
the EPA group exhibited a 19% reduction in the incidence of
major cardiovascular (CV) events [3]. This result suggests
that interventions targeting the serum EPA/arachidonic acid
(AA) ratio, particularly those involving an increase in EPA/
AA ratio, could be useful for the prevention of CAD [4-9].

Thrombomodulin (TM) is an integral membrane gly-
coprotein and a high-affinity receptor for thrombin on
the endothelial cell surface. It has been implicated in the
endothelial regulation of fibrinolysis and coagulation [10].
After proteolytic cleavage of TM from the endothelial sur-
face, soluble TM (sTM) can be detected in the circulation
[11, 12]. Although sTM concentration is thought to reflect
the degree of endothelial damage, the crucial physiological
role of sSTM is unknown [13].

That is, while there have been reports documenting that
reinfarction and peripheral vascular disease were rather fre-
quent among patients showing high sTM levels [14, 15], a
follow-up survey in the Atherosclerosis Risk in Commu-
nities (ARIC) Study demonstrated a negative correlation
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between the serum sTM level and incidence rate of CAD
in patients who had no history of CAD accounting for the
myocardial infarction [16]. It would follow that the finding
may reflect a higher rate of TM expression on the vascular
endothelial cells, and hence a lower likelihood of vascular
endothelial injury; in such patients, the absolute amount of
circulating STM is inevitably high, and CAD is less likely to
develop [17, 18]. Few studies have attempted to evaluate the
effects of EPA administration on serum sTM levels in stable
CAD patients undergoing statin treatment.

The aim of this study was to investigate the effect of addi-
tional administration of EPA on the serum sTM levels with a
particular focus on increased EPA/AA ratio, in stable CAD
patients receiving statin treatment, in whom the serum lipid
profiles are expected to be relatively well controlled.

Methods
Study design and populations

We conducted this 6-month, single-center, prospective, ran-
domized open-label clinical trial to investigate the effect of
the additional administration of EPA on sTM level, a marker
of endothelial damage, in stable CAD patients receiving
treatment with statins. The study was performed at Suru-
gadai Nihon University Hospital between May 1, 2013, and
June 30, 2014.

The primary efficacy parameter was the change in sSTM
level. The secondary endpoints were the relationship
between the change in the EPA/AA ratio and the change
in sTM level in statin-treated CAD patients receiving EPA
therapy.

A total of 110 patients who provided consent to partici-
pate in this trial were randomized using a simple sealed-
envelope method into two groups: an EPA group (n=>55)
and a non-EPA control group (n=355).

Subjects in the EPA group were treated with a 900-mg
capsule containing EPA ethyl ester of >98% purity twice a
day (total daily dose, 1800 mg) (Mochida Pharmaceuticals,
Tokyo, Japan). During the 6-month study, no restrictions
were placed on concomitantly used drugs. Dietary coun-
seling was provided for all patients as per the standards of
the American College of Cardiology/American Heart Asso-
ciation guideline [19].

The subjects chosen for this study were all patients who
had undergone coronary angiography for the evaluation of
CAD. The decision to perform coronary angiography was
made by the cardiologist in charge, based on the results of
non-invasive clinical examinations. Patients who presented
acutely with ST-elevation myocardial infarction, non-ST-
elevation myocardial infarction, or unstable angina were
excluded to ensure that the study consisted only of patients

in stable condition. All patients had CAD, defined as a per-
cent coronary stenosis of 50% or more in at least one coro-
nary vessel.

The following exclusion criteria were applied: patients
were not enrolled if they met any of the following exclu-
sion criteria: a bleeding tendency, hepatic or renal dysfunc-
tion (creatinine > 1.5 mg/dL, alanine aminotransferase and
aspartate aminotransferase > 2 times the upper limit of the
normal values), known malignant disease, inflammatory
disease, or current treatment with n-3 polyunsaturated fatty
acids (n-3PUFAs).

A diagnosis of hypertension was made when systolic
pressure was > 140 mmHg and/or the diastolic pressure was
> 90 mmHg, or the subject reported a history of taking anti-
hypertensive medication. Diabetes was defined as a fasting
plasma glucose of > 126 mg/dL and HbAlc of > 6.5% or a
current history of treatment with antidiabetic agents. Smok-
ing was defined as current smoking or smoking cessation
within 1 year prior to the start of the study. The estimated
glomerular filtration rate (e-GFR) was calculated using the
abbreviated Modification of Diet in Renal Disease (MDRD)
Study equation modified using a Japanese coefficient [20].

The study protocol was approved by the Institutional
Review Boards of our institutions (approval number:
20121202), and written informed consent was obtained from
all the participants.

Measurement of laboratory parameters

Fasting blood samples were collected in the early morning
after the subjects had fasted for 12 h. The serum sTM level
was measured by an enzyme immunoassay (SRL Co., Ltd.,
Tokyo, Japan).The serum PUFAs composition was measured
by capillary gas chromatography (SRL). The serum total
cholesterol (TC), HDL-C, and TG levels were measured by
the standard methods. The serum low-density lipoprotein
cholesterol (LDL-C) level was estimated using the Friede-
wald formula [21]. The plasma PAI-1 level, including the
tissue PA/PAI-1 complex and the active and latent forms of
PAI-1, was determined using a latex photometric immuno-
assay method (kit, LSI Medience Co., Ltd., Tokyo, Japan).
The concentration of fibrin was measured using the Clauss
assay (SRL).

Statistical analysis

All statistical analyses were performed using the SPSS Win-
dow ver 12.0 software (Statistical Package for the Social
Sciences, SPSS Inc., Chicago, IL). Data are expressed as
the mean + standard deviation for continuous variables and
as percentages for discrete variables. Continuous variables
between the groups were compared by Student’s ¢ test, and
categoric variables were analyzed by »? test. For cases in
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which data did not show normal distribution, the data were
expressed as medians (interquartile). Mann—Whitney’s U
test was used to evaluate the differences in data between
groups, and Wilcoxon’s signed-rank test was used to analyze
the differences in data within the same group. A multivariate
regression analysis was performed to identify the predictors
associated with the absolute change in (A) serum sTM level
at 6-month follow-up. Statistical significance was assumed
at a p value of less than 0.05.

Results
Patients

There were no cardiovascular events during the 6-month
follow-up period. Gastrointestinal disorder was noted as an
adverse reaction in two of the patients, and 6-month follow-
up data were not available for 3 patients in the EPA group. In
the control group, pertinent baseline data were not available
for 1 patient, and 6-month follow-up data were not available
for 4 patients. After the exclusion of the above-mentioned
patients, data for the remaining 100 patients were subjected
to this analysis. The 2 groups exhibited similar baseline
characteristics (Table 1). There were no changes in diet or
medication treatment during the study period.

Changes in laboratory profile

A significant increase of the A serum sTM level was
observed in the EPA group as compared to that in the control
group (Fig. 1). The A serum TC and A non-HDL-C in the
EPA group were significantly lower than those in the control
group. No significant differences in the A LDL, A HDL-C,
A TG, or A PAI-1 were noted between the 2 groups. The A
EPA and EPA/AA ratio in the EPA group were significantly
higher than those in the control group, whereas the A AA
was significantly lower in the EPA group as compared to that
in the control group (Table 2).

Multivariate regression analysis identified
the serum A sTM

As shown in Table 3, a multivariate regression analysis with
adjustments for atherosclerosis risk factors and A serum
lipid levels identified the A EPA/AA ratio at the 6-month
follow-up as an independent predictor of the A sTM level,
indicating that patients with an increase in EPA/AA ratio
at the 6-month follow-up also showed a greater degree of
increase of the serum sTM level.

@ Springer

Association of sTM level and the EPA/AA ratio
with severity of diseased coronary vessels

In the overall study population, the EPA/AA ratio was
significantly lower in patients with multi-vessel disease
(MVD, n=58) than in patients with single-vessel disease
(SVD, n=42) (SVD vs. MVD: 0.400 [0.260/0.800] vs.
0.320 [0.200/0.480], p=0.041). Similar results were also
obtained in both the randomized EPA group (SVD, n=21,
MVD, n=29 and the randomized control group (SVD,
n=21, MVD, n=29), with the EPA/AA ratio being lower
in the patients with MVD than in those with SVD, although
the differences between the patients with SVD and MVD
failed to reach statistical significance (EPA group: 0.420
(0.253/0.808) vs. 0.290 (0.190/0.458), p=0.111; con-
trol group: 0.400 (0.255/0.690) vs. 0.320 (0.223/0.510),
p=0.216). Furthermore, the serum sTM levels were also
lower in the patients with MVD than in those with SVD in
all of the overall study population (SVD vs. MVD, 2.73 +
0.55 FU/mL vs. 2.93 + 0.64 FU/mL, p=0.108), EPA group
(2.67 +0.59 FU/mL vs. 2.92 + 0.69 FU/mL, p=0.177), and
Control group (2.79 + 0.52 FU/mL vs. 2.93 + 0.59 FU/mL,
p=0.392); the difference in the level between the patients
with SVD and MVD was not statistically significant in any
of the groups.

Discussion

Administration of EPA as an additional agent resulted in
elevation of the serum sTM concentrations in stable CAD
patients receiving statin therapy. Increase of the EPA/AA
ratio observed after 6 months of EPA administration in these
patients proved to be an independent predictor of increased
serum sTM levels.

The significant elevation of the serum sTM level even in
the control group might be secondary to the release of sTM
into the circulation due to increased expression of sTM on
the vascular endothelial cells consequent on repair of vascu-
lar endothelial injury by statin treatment [22, 23]. Further-
more, not only the TM bound to the vascular endothelial
cell membrane, but also sTM per se has anti-arterioscle-
rotic effects, including an anti-thrombotic effect and anti-
inflammatory effect [24], and the usefulness of recombinant
soluble TM in the treatment of disseminated intravascular
coagulation (DIC) in the clinical practice setting has been
demonstrated [25].

Serum sTM is generally recognized as a marker of vascu-
lar endothelial injury [26], and it has also been reported as a
possible indicator of the degree of damage to inflammatory
cells, or in other words, of the anti-inflammatory efficacy of
TM [13]. That is, in cases receiving medical interventions
such as statin therapy, the anti-inflammatory effect of TM
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Table 1 Ba?eline patient Control group (n=>50) EPA group (n=>50) p value
characteristics
Male/female, n (%) 42 (84)/8 (16) 46 (92)/4 (8) 0.218
Age (years) 67.3+104 67.5+10.1 0.925
BMI (kg/m?) 24.8+4.0 24.6+3.2 0.702
Hypertension, n (%) 41 (82) 41 (82) > 0.999
Diabetes Mellitus, n (%) 22 (44) 18 (36) 0.414
HbAlc (%)* 5.7 (5.4/6.0) 5.7 (5.4/6.1) 0.730
Cigarette smoking, n (%) 5(10) 3(6) 0.461
Hyperuricemia, n (%) 14 (28) 12 (24) 0.692
CKD, n (%) 19 (38) 17 (34) 0.732
eGFR (ml/min/1.73 m?) 67.1+16.3 67.1+16.0 0.978
Number of diseased coronary ves-
sels, n (%)
Single-vessel/multi-vessels 21 (42)/29 (58) 21 (42)/29 (58) > 0.999
Concomitant drugs n (%)
Antiplatelets 46 (92) 49 (98) 0.169
ACEIs/ARBs 26 (52) 29 (58) 0.547
f blockers 19 (38) 22 (44) 0.542
Calcium channel blockers 31 (62) 31(62) > 0.999
Statins 50 (100) 50 (100) > 0.999
Laboratory profile
TC (mg/dL) 172 +21 167 +25 0.262
LDL-C (mg/dL) 94+18 91+18 0.435
HDL-C (mg/dL) 52+15 53+11 0.641
TG (mg/dL)* 114 (90/151) 100 (74/144) 0.100
non-HDL-C (mg/dL) 120+23 113 +23 0.165
sTM (FU/mL) 2.87+0.56 2.81+0.65 0.628
PAI-1 (ng/mL)* 19 (15/31) 21 (15/29) 0.920
Fibrinogen (mg/dL)* 273 (246/321) 277 (250/321) 0.560
EPA (ug/mL) 70+40 71+45 0.909
AA (ug/mL) 175 +47 182 +54 0.549
EPA/AA ratio* 0.330(0.240/0.520) 0.360 (0.200/0.570) 0.914

Data are expressed as the mean + SD, median (IQR)*, and percentage for variables

BMI body mass index, Hb hemoglobin, CKD chronic kidney disease, e-GFR estimated glomerular filtration
rate, ACEI angiotensin converting enzyme inhibitor: ARB angiotensin receptor blocker, TC total choles-
terol, LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglyceride, Non-HDL-C non-high-
density lipoprotein, sTM soluble thrombomodulin, PAI-1 plasminogen activator inhibitor 1, EPA eicosap-

entaenoic acid, AA arachidonic acid

might be predominant. However, it is not possible to dif-
ferentiate between the two states by sTM assay alone in the
clinical practice setting. Judgment should be based taking
into consideration the pathophysiological state, drugs being
administered, and degree of progression of arteriosclerosis.
When considered with reference to the results of the JELIS
Study and the study demonstrating the anti-arteriosclerotic
effects of EPA [27], the increased sTM seen in response to
EPA therapy may reflect the vascular endothelial function-
improving effect of EPA.

In the present study, the baseline (prior to initiation of
EPA therapy) EPA/AA ratio was lower in patients with
multi-vessel disease than in patients with single-vessel

disease. A previously reported virtual histologic study using
intravascular ultrasound demonstrated a negative correla-
tion between the EPA/AA ratio and the plaque volume [28],
which represents evidence in support of the findings of the
present study, even though the study method was different.
In contrast, no significant correlation could be demonstrated
between the serum sTM level and the number of (single vs.
multiple) coronary arterial lesions, possibly on account of
the limited sample sizes of the groups in this investigation.
Whilst the serum sTM serves as an indicator of vascular
endothelial damage, there is the possibility that a dispar-
ity occurred between the degree of vascular endothelial
damage and the number of affected vessels in the present
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Fig.1 Title: Comparison of sTM Level between the 2 Groups. IQR:
interquartile range; Horizontal lines represent 75th, median, and
25th percentiles values; Whiskers represent 10th and 90th percen-
tiles; sTM, soluble thrombomodulin. *p<0.05 vs. from baseline.
**p <0.0001 vs. from baseline

study population, in which the interval from the onset of
coronary artery disease varied among individual patients.
This would be interpreted as implying that different results
could be obtained if, for example, the study were confined
to patients with onset of acute coronary syndrome just prior
to the initiation of statin therapy.

No significant changes of the plasma level of PAI-
1, which serves as a marker of vascular endothelial cell

function, besides playing an important role within the coagu-
lation—fibrinolytic system, were observed in patients receiv-
ing EPA therapy. Several studies reported elevation of the
plasma PAI-1 level following administration of an n-3PUFA
(combined EPA-DHA) preparation [29-31], and in another
study, in which the changes in the plasma PAI-1 levels in
subjects receiving EPA alone were investigated, increase of
the levels in women and decrease of the levels in men of
this plasma marker were observed, although the underly-
ing mechanism remains unclear [32]. Thus, there is still no
unanimity of opinion on the effects of EPA administration
on the plasma PAI-1 level.

The JELIS Study showed a greater CV event-suppressing
effect of statin therapy administered with an additional EPA
agent, as compared to statin therapy alone. It would, thus,
follow that attention focused solely on the significance of
sTM as a predictive marker of re-infarction from the present
study results may incur a contradiction with the results of the
JELIS Study. Therefore, it would appear that its significance
may differ from that of the increased sSTM brought about by
statin therapy with concomitant EPA administration being
understood as a marker of vascular endothelial injury.

We previously investigated the relationship between the
serum levels of n3PUFAs and the serum TM concentrations
in a cross-sectional study, with the results indicating a nega-
tive correlation of the serum DHA level with the serum sTM
level, but no correlation of the serum EPA level. This phe-
nomenon observed in the investigation, which was a cross-
sectional study, cannot be conclusive, but may suggest that
EPA has no impact on the kinetics of sSTM in the serum [33].
It is obvious, nevertheless, that the concentration of EPA in
the serum resulting from administration of EPA is remark-
ably higher than that obtained by dietary fish intake. Superko

Table2 Change in laboratory Control group n=50 EPA group n=50 $p value

profile
ATC (mg/dL) -7.1+£20.1% —14.9+£17.6%** 0.049
ALDL-C (mg/dL) —-3.4+158% —8.4+14.5%%* 0.098
AHDL-C (mg/dL)* 1.5 (-=6.0/2.0) —3.5 (—6.0/1.0)** 0.488
ATG (mg/dL)* —7.0 (—=37.0/22.0) —13.5(=32.0/-2.0) 0.132
Anon-HDL-C (mg/dL) -5.0+18.6 =124 £ 17.1%%* 0.042
APAI-1 (ng/mL) —0.13+£9.50 -0.40+10.12 0.311
AEPA (pg/mL) -6.3+37.1 94.1 £ 54.1%%* < 0.0001
AAA (pg/mL) 0.21+24.0 —23.1£29.8%%* < 0.0001
AEPA/AA ratio —0.036£0.227 0.708 +0.428%*%** < 0.0001

A, absolute change from baseline. Abbreviations are the same as in Table 1

Data are expressed as the mean+ SD, or median (IQR)*

The figures shown in the columns for both the control group and the EPA group indicate the change
between baseline and 6- month follow-up

*p <0.05, #*p <0.01, #**p <0.0001 vs. from baseline
The figures shown in the ®p value column indicate the p value comparison between the control group and

the EPA group
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Table 3 Mulivariate regression analysis identified predictor of A sSTM

s p value
ALDL-C 0.043 0.668
AHDL-C 0.01 0.923
ATG -0.019 0.869
AEPA/AA ratio 0.292 0.006

A, absolute change from baseline. Abbreviations are the same as in
Table 1, f=standard partial regression coefficient, adjusted for age,
sex, BMI, eGFR, hypertension (yes: 1,/no: 0), cigarette, smoking
(yes: 1,/mo: 0), hypertension (yes: 1,/no: 0), and diabetes mellitus
(yes: 1,/no: 0). Multiple R=0.452, F=2.002, p=0.038, n=100

and colleagues have advocated in their review article that
EPA exerts its bioactive effects in a blood level-dependent
manner [34], so that such a characteristic might result in a
discrepancy between the results of a cross-sectional study
and those of an interventional study.

The results suggest the possibility that repeated serum
sTM measurements over time in patients receiving EPA
may enable monitoring not only for vascular endothelial cell
damage, but also for any beneficial effects of EPA, in the
clinical setting. However, further investigation together with
evaluation of the vascular endothelial function is needed to
clarify these issues.

Conclusion

While much remains yet to be clarified as to relationship
of the serum sTM concentration with CAD events, the
increased sTM brought about by EPA administration might
be attributed to improvement of the integrity of the vascular
endothelium when seen from the viewpoint of the proven
add-on effect of EPA on statin therapy.
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