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ABSTRACT

Ecklonia cava, an edible brown alga, is recognized as arich source of polyphenols
and the lipid-lowering effects of which have not yet been studied well. We
investigated the efficacy and safety of Ecklonia cava extract (ECE) on blood lipid
profiles in subjects with hypercholesterolemia. Eighty healthy subjects with
more than 200 mg dL~* of total cholesterol or more than 110 mg dL~* of
LDL-cholesterol level were randomly assigned to receive ECE (n = 40) or placebo
(n = 40) for 12 weeks. Changes in serum total cholesterol, LDL-cholesterol,
HDL-cholesteral, triglyceride and waist-hip ratio levelswere measured after the
12-week intervention. The ECE significantly lowered total cholesterol level by
2.8% and LDL-cholesterol level by 11.1% after 12 week supplementation as
compared to the placebo (p = 0.039, 0.030, respectively). The HDL-cholesterol
level did not change in the ECE group, whereas an increase of 5.6% was observed
in the placebo group with a significant difference between groups (p = 0.021). No
corresponding changeswere seenfor triglycerideand waist-hip ratio level sbetween
thetwo groups. Therewasno causal relationship between theingestion of ECE and
adverse drug reactions. We found that ECE supplementation improved blood lipid
profilesthrough decreasing total cholesterol and LDL-cholesterol levelswhich are
known as magjor cardiovascular risk factors. This result suggests that ECE
supplementation may beeffectivein the prevention and treatment of atherosclerotic
cardiovascular diseases but more studies are needed to establish the long-term
safety and effectiveness.

Keywords. Cardiovascular risk, cholesterol, dieckol, Eckloniacava, lipid, brown
algae, phlorotannin, polyphenol

INTRODUCTION

It is widely acknowledged that high blood cholesterol
levels are one of the major risk factorsfor atherosclerosis and
cardiovascular disease (CVD) and lowering in Low-Density
Lipoprotein (LDL)-cholesterol level reduces the incidence of
CVD (Kannel etal., 1979; Gordonetal., 1981; Lipid Research
Clinics Programme, 1984; Heart Protection Study
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Collaborative Group, 2002). Thus, lowering cholesterol level
isconsidered asaprimary target to reduce cardiovascul ar risks
(National Cholesterol Education Program, 2001) and for this
goal, lifestylemodification through changing dietary patterns
and physical activities has been emphasized (Eckel et al.,
2014).

However, many people with cardiovascular risks are
unable or unwilling to modify their lifestyleand often fail to
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adhere to behavioral treatments. This represents an “Unmet
medical need” for subjects with hypercholesterolemia. As a
result, prescription of lipid-lowering drugs has been a main
strategy used to reduce blood cholesterol levels. However,
even 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors that are known to be highly effective
among several lipid-lowering agents (Heart Protection Study
Collaborative Group, 2002; Nissen et al., 2004), may be
associated with serious side effects (Joy and Hegele, 2009;
Abd and Jacobson, 2011). In this regard, it is necessary to
devel op other safetherapieswith different modes of actionand
it is accepted that dietary supplements may be used as
alternatives in cases of intolerance or adverse effects, or in
combination with statins when the objectives have not been
achieved (Gylling et al., 2014).

Polyphenols, naturally present in vegetablesand fruits, are
widely known to contribute to promotion of health. Many
clinical studies report that terrestrial polyphenols, such as
catechinsin greentea(Nagao et al., 2007; Brown et al., 2009),
flavonolsin cacao (Grassi et al., 2005; Davison et al., 2008)
and quercetin in fruits and vegetables (Knekt et al., 1996;
Edwardset al., 2007) improve metabolic syndromeand reduce
cardiovascular risks.

Polyphenols are aso known to be abundant in marine
macroalgae (seaweed), which have long been used as
foodstuffs and folk remedies in Asian countries. Polyphenols
arefound in higher concentrations particularly in brown algae
(Phaeophyta) rather than in green (Chorophyta) and red algae
(Rhodophyta) (Llorente-Mirandeset al., 2011). phlorotannin,
which are polyphenolic secondary metabolites, are formed by
polymerization of phloroglucinol (1,3,5-trihydroxybenzene)
and are isolated only from brown algae (Wang et al., 2012).
They arefound in higher levelsin Ecklonia cava (EC) relative
to other brown algae and are thought to be key hioactive
compounds among theingredientsin brown algae (Heo et al .,
2005). Recent studies have reported that phlorotannins
have anti-oxidant (Ahn et al., 2007; Shibata et al., 2008),
anti-cancer (Harada and Kamei, 1997), anti-diabetic
(Kang et al., 2010), anti-lipidemic (Yoon et al., 2008;
Yeo et al.,, 2012), anti-hypertensive (Hyun et al., 2006),
anti-HIV-1 (Ahnet al., 2004), anti-allergic (Shimet al., 2009)
and matrix metalloproteinase inhibition activities (Kim et al.,
2006).

The above effects suggest that polyphenols or
phlorotannin of brown algae are possible to modulate lipid
metabolism or cardiovascular risks in humans. Only a few
animal studies (Yoon et al., 2008; Yeo et al., 2012) and one
Randomized Clinical Trial (RCT) (Shinetal., 2012) havebeen
reported regarding theanti-lipidemic effects of thesematerials,
although studies on marine algal polyphenols have increased
exponentially since the 1970s, when reports on them and their
tannin characteristics began to appear (Martinez and
Castaneda, 2013).

In this study, we investigated the lipid-lowering effects
and safety of the extract from a brown alga EC in mild
hypercholesterolemic subjects by employing a randomized,
double-blind and placebo-controlled design.
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MATERIALSAND METHODS

Ethnic statements: The study was conducted according tothe
Helsinki Declaration and guidelinefor Good Clinical Practice.
The study protocol and informed consent form were approved
by the Functional Foods Institutional Review Board (IRB) of
Chonbuk National University Hospital (FFIRB number,
2010-02-018; the date of approval, February 10th 2011). All
volunteers gave written informed consent before the study
began. An independent contract research organization
(Healthcare Claims and Management Co., Ltd., South Korea)
was responsible for monitoring the study according to Good
Clinical Practice. The protocol is registered at
www.Clinical Trials.gov (NCT02091024).

Study design: This study was a 12 week, randomized,
double-blind and placebo-controlled trial conducted at the
Clinica Tria Center for Functional Foods (CTCF2) in
Chonbuk National University Hospital. Treatment arms were
comprised of a test group and a placebo group and a 1/1
randomization was performed. The test group consumed
400 mg of extract of EC (ECE) a day (200 mg, twice a day)
for 12 weeks and the control group consumed the placebo.

The subjects visited the CTCF2 four times during the
12 week intervention period: at the screening visit, visit 1
(randomization), visit 2 (after 6 weeks) and visit 3 (after
12 weeks, end of the study). For checking eligibility of
participants, evaluations including comprehensive physical
examination, medical history taking, electrocardiography
(ECG), blood laboratory tests and anthropometric
measurements were performed at the screening visit. Primary
outcomes including total and LDL-cholesterol levels and
secondary outcomes including High-Density Lipoprotein
(HDL)-cholesteral, triglyceride and Waist-Hip Ratio (WHR)
levels were measured at the screening visit (baseline), visit 2
and visit 3. Safety parameters including adverse events, vital
signs, physical examination (at thevisits 1, 2 and 3), ECG and
blood laboratory tests (at the screening visit and visit 3) were
assessed.

During the 12 week intervention period, participantswere
asked to keep their usual lifestyle patterns (e.g., diets, daily
physical activities and sleeping habits) and were prohibited
fromtaking any other functional foodsor dietary supplements.
They were also asked to immediately report any adverse
eventsand any changesin lifestyle patterns, recent illnessand
medical treatments to the investigators. All of the above
information was reviewed at visit 2 and 3. Test products were
provided to participants at visits 1 and 2 and any remaining
pillswerereturned at the next visit and counted one by oneto
assess compliance. There was no deviation from the study
protocol during the intervention period.

Study participants: The eligible participants were healthy
males and females aged from 19-80 years with more than
200 mg dL~* of total cholesterol or more than 110 mg dL ~* of
LDL-cholesterol levels. In brief, subjects were considered
ineligibleif they: i) took lipid-lowering agents, ii) had any
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currentillnessor any history of chronic medical diseasesinthe
recent past 3 years, iii) had participated in any other clinical
trials with investigative medicina products within the past
2 months and iv) were allergic or hypersensitive to any of the
ingredients in the test products. Additional exclusion criteria
that could risk the subject’ s safety or interfere with successful
participation inthe study included: pregnant women or women
who were breast-feeding, history of alcohol or drug abuse, or
abnormal laboratory tests.

The participants were recruited from the Jeonju city area
through local advertisementsduring theyear 2011. Among the
105 volunteers screened, 80 participants who fulfilled the
inclusion criteriawere enrolled in this study (Fig. 1).

Table 1: Composition of test products provided per tablet

Test supplement: The test products were supplied by
BotaMedi Inc. (Jeju, South Korea). Standardization of ECE
was ensured in the production process. The ECE powder was
yielded from dried EC through three phases. extraction
by ethanol, concentration and a freeze-drying process. The
8.2% of dieckol as an index component was identified by
HPLC.

The ECE was encapsulated to contain 200 mg per tablet.
Compositional analysis of test products is presented in
Table 1. Thetest group consumed 200 mg of ECE twice aday
(400 mg day—™) for 12 weeks and the control group consumed
the placebo.

Components Contents (mg)
Tests

ECE 200.00
Dextrin 100.00
Crystallized cellulose 270.00
Silicon dioxide 6.00
Magnesium stearate 6.00
Coating with HPMC 18.00
Total 600.00
Placebos

ECE 0.00
Dextrin 120.00
Crystallized cellulose 426.00
Silicon dioxide 3.00
Magnesium stearate 3.00
Caramel 30.00
Total 600.00

ECE: Ecklonia cava extract, HPMC: Hydroxypropyl methylcellulose

Assessed for digibility
(n=105)

EnrolIment

Excluded (n = 25)

Not meeting inclusion
criteria(n=25)

| Randomized (n = 80) |

\¢

\ 4 Allocation v

Allocated to intervention (n = 40)

Received allocated intervention
(n=40)

l | Followup | i

J
Allocated to intervention (n = 40)

Received alocated intervention
(n=40)

Lost to follow-up (n =1)

Discontinued intervention
(consent withdrawal) (n=1)

! (s ) |

Lost to follow-up (n =1)

Discontinued intervention
(consent withdrawa) (n=1)

Analysed (n = 33)

Excluded from analysis
(Abnormal value) (n = 6)

Fig. 1. CONSORT flow diagram
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Analysed (n = 30)

Excluded from analysis (Lack of
compliance, abnormal value)
(n=9)
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Biochemical measurements: The lipid levels were
measured using a Hitachi 7600-110° analyzer (Hitachi
High-Technol ogies Corporation, Tokyo, Japan). Hematology
(CBC) and other laboratory tests (total protein, albumin, ALP,
v-GTP, AST, ALT, BUN, creatinine, glucose, creatine kinase
and urinalysis) were measured using the Sysmex X E-5000™
(Sysmex Corporation, Kobe, Japan) and ADVIA® 2400
chemistry system (SIEMENS, Munich, Germany),
respectively. Venous blood samples were taken after a 12 h
overnight fasting. All parameters were assessed the day of
sampling.

Statistical analysis: For determining the sample size, apower
of 80% with a2-tailed a. of 0.05 and equal samplesizefor both
groups were assumed. We assumed mean differences of total
cholesteral level intest and placebo group after 12 weeksto be
10.1 and 5.6 mg dL ™, respectively and Standard Deviation
(SD) of 7.2 mg dL™" at both groups. Therefore, a total of
eighty subjects were needed, allowing a 20% dropout rate.
All data has been analyzed with the statistical software
system SAS® version 9.2 (SAS Ingtitute, USA). The
differences among continuous measured data within a group
were analyzed using a paired t-test. The differences of
repeated measured data between groups was analyzed using a
linear mixed-effects model. The data was presented as
Mean+SD. A differencewasconsidered statistically significant
when the probability value (p-value) was less than 0.05.

RESULTS

Subj ects, demogr aphicsand safety assessments: Amongthe
105 volunteers screened, 80 participants who fulfilled the
inclusion criteria were randomly assigned to an ECE group
(n = 40) or aplacebo group (n = 40). One subject from each
group dropped out for areason of consent withdrawal during
thestudy. Among atotal of 78 participants, who completed the
study, 15 people were excluded from the data analysis due to
a lack of pill compliance and abnormal blood lipid levels
suggesting familial hypercholesterolemia. The study flow
through thetrial isdepicted in Fig. 1.

Table 2: Baseline demographic and anthropometric characteristics

Thegroupswerewell balanced. Therewere no significant
differences in any of the baseline demographic data and
anthropometric parameters between the ECE and placebo
group (Table 2). All values of safety parameters including
vital signs, ECG and blood laboratory tests (CBC, total
protein, albumin, ALP, y-GTP, AST, ALT, BUN, creatinine,
glucose, creatine kinase and urinalysis) were within the
reference range throughout the 12 week intervention period.
There were no significant differences in any changes of the
above values and anthropometric parameters in between the
groups comparison.

There were only 10 cases of mild adverse eventsin
8 subjects (e.g., 1 degenerative osteoarthritis, 2 esophagitis,
1 wrist pain, 2 headache, 1 feeling of generalized swelling,
1 toothache, 1 non-specific pain and 1 implantation of teeth)
that were not related to consumption of the test products.

Efficacy evaluations: A total of 80 participants were
characterized by mild hypercholesterolemia at the time of
enrollment (baselinetotal cholesterol: 213.21+26.46 mgdL 7,
baselineLDL-cholesterol: 144.48+23.78 mgdL ). Therewere
no significant differences at the baseline levels of total and
LDL-cholesterol between the ECE and placebo group (total
cholesterol: p=0.824, LDL-cholesterol: p = 0.508). After the
12 week intervention, total cholesterol level of the ECE group
tended to decrease from the baseline and that of the placebo
grouptendedtoincrease, sotherewasastatistically significant
difference in changes of total cholesterol levels between the
two groups (p = 0.039) (Table 3). The LDL-cholesterol level
of the ECE group significantly decreased (p<0.001) and that
of the placebo group did not change (p = 0.523). Therefore,
there was a statistically significant difference in changes of
LDL-cholesterol levels between the two groups (p = 0.030)
(Table3). TheHDL-cholesterol level of the ECE group did not
change (p = 0.316) and that of the placebo group significantly
increased (p = 0.037), which resulted in astatistical difference
in changes of HDL -cholesterol |evels between the two groups
(p = 0.021) (Table 3).Triglyceride and WHR levels of both

ECE group Placebo group Tota
Parameters (n = 40) (n = 40) (n=80) p-value®
Age (years) 49.75+10.03 49.83+9.340 49.79+9.630 0.973
Sex (M/F) 10/30 10/30 20/60 1.000?
Height (cm) 161.49+7.720 160.79+8.650 161.14+8.150 0.704
Weight (kg) 66.20£10.55 66.33+11.66 66.26+11.04 0.959
BMI (kg m™?) 25.30+£2.950 25.53+2.970 25.41+2.940 0.734
SBP (mm Hg) 121.55+14.17 121.98+12.10 121.76+13.09 0.886
DBP (mm Hg) 74.85+11.68 77.70£10.41 76.28+11.08 0.253
Pulse (BPM) 68.63+8.600 68.45+8.750 68.54+8.620 0.928
WC (cm) 87.09+£8.150 88.44+8.530 87.76x8.310 0.470
HC (cm) 95.82+5.320 95.50+5.550 95.66+5.400 0.795
WHR 0.91+0.060 0.93+0.060 0.92+0.060 0.218

Data s presented as Mean+SD, Yp-value was calculated with independent t-test, p-value was calculated with Chi-square test, BMI: Body mass index,
BPM: Beat per minute, DBP: Diastolic blood pressure, ECE: Ecklonia cava extract, F: Female, HC: Hip circumference, M: Male, SBP: Systolic blood pressure,

WC: Waist circumference, WHR: Waist to hip ratio
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Table 3: Effects of ECE supplementation on blood lipid levels
ECE groups (n = 33)

Placebo groups (n = 30)

Parameters 0 week 12 weeks p-value” 0 week 12 weeks p-value’ p-value?
Total cholesterol (mg dL =) 207.39£23.10 201.58+20.72 0.164 202.03+17.41 208.50+23.20 0.129 0.039
LDL-cholesterol (mg dL™?) 141.42+19.81 125.52+21.98 <0.001 137.93+19.66 135.27+25.01 0.523 0.030
HDL -cholesterol (mg dL™?) 48.94+7.810 47.97+8.020 0.316 47.87+8.380 50.57+£9.020 0.037 0.021
Triglyceride (mg dL™) 122.91+50.43 143.21+69.80 0.076 131.40+69.09 142.00+68.37 0.306 0.523

Dataispresented asMean+S.D, Yp-val uewas cal cul ated with paired t-test for within-treatment differences, 2 p-val uewas cal cul ated with linear mixed effect model
for between-treatment differences, ECE: Ecklonia cava extract, HDL: High density lipoprotein, LDL: Low density lipoprotein

Table 4: Effects of ECE supplementation on anthropometric parameters
ECE groups (n = 33)

Placebo groups (n = 30)

Parameters 0 week 12 weeks p-value” 0 week 12 weeks p-value® p-value?
Height (cm) 161.52+8.290 161.33+8.360 0.312 160.45+8.820 160.37+8.980 0.495 0.636
Weight (kg) 66.33+10.41 66.48+10.28 0.573 65.64+12.29 65.66+12.78 0.954 0.725
BMI (kg m™?) 25.35+2.920 25.48+2.930 0.233 25.31+2.600 25.33+2.800 0.860 0.469
Body fat mass (kg) 20.99+6.820 20.74+6.320 0.790 21.04+3.390 21.19+4.050 0.630 0.698
WC (cm) 87.35+7.610 86.82+7.270 0.144 87.84+7.670 87.58+7.330 0.634 0.681
HC (cm) 95.65+5.370 95.33+5.370 0.219 94.99+5.390 94.95+5.500 0.905 0.497
WHR 0.91+0.060 0.91+0.050 0.487 0.93+0.060 0.92+0.050 0.452 0.786

Datais presented as Mean+S.D, Yp-value was calcul ated with paired t-test for within-treatment differences, 2 p-value was cal culated with linear mixed effect
model for between-treatment differences, BMI: Body massindex, ECE: Ecklonia cava extract, HC: Hip circumference, WC: Waist circumference, WHR: Waist

to hip ratio

groups did not change and there were no significant
differences in changes of these parameters between the two
groups (Table 3 and 4).

DISCUSSION

In this placebo-controlled trial for subjects with mild
hypercholesterolemia, ECE supplementation at a dosage of
400 mg day* for 12 weeks significantly decreased serum
total and LDL -cholesterol levels as compared to the placebo.
The HDL -cholesterol level of the placebo group significantly
increased as compared to that of the ECE group. No
corresponding changes were seen for triglyceride and WHR
levelsbetween the two groups. The ECE were considered safe
to ingest because there were no adverse drug reactions which
were related to consumption of test products and the
parameters including vital signs, physical examination, ECG
and blood laboratory tests were maintained within the
reference range.

Our results that ECE supplementation significantly
lowered total and LDL-cholesterol levels (Table 3) are in
accord with the previous studies. Shin et al. (2012) reported
that polyphenol sextracted from EC decreased total cholesterol
by 9.2% and L DL -cholesterol by 14.2% in overweight human
subjects (Shin et al., 2012). The reduction of 2.8% in total
cholesterol and the 11.1% for LDL-cholesterol at 12 weeks,
obtained with 400 mg day~* of ECE in this study were lower
than those obtained by Shin et al. (2012) at a dosage of
144 mg day—* from a similar baseline levels, which can be
attributed to the different test products used and highlightsthe
need to expressthe concentration of active substances of these
extracts according to quality standards. Yoon et al. (2008)
reported that extract of Ecklonia stolonifera (ES) and its
phlorotannin constituents, eckols and dieckols, reduced
total and LDL-cholesterol levelsin hyperlipidemic rats.
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These results suggest that ingestion of ECE may improve
blood lipid profiles by modulation of lipid metabolism and
contribute to reduction of cardiovascular risks by decreasing
LDL-cholesterol levelsin patients with hypercholesterolemia
because LDL-cholesterol levels are closely related to
atherosclerotic cardiovascular risks (Kannel et al., 1979;
Gordon et al., 1981; Lipid Research Clinics Programme,
1984).

Mechanisms explaining the anti-dyslipidemic effects of
polyphenols or phlorotannins of EC are not clear. Yeo et al.
(2012) showed that both polyphenols and dieckol isolated
from EC inhibited the activity of HMG-CoA reductase.
Suppression of fat-induced hepatic damage by anti-oxidant,
anti-inflammatory and hepatoprotective activities of EC
polyphenols might play arolein improving blood lipids
(Shin et al., 2012), based on a report that phlorotannin
derived from brown a gae protected Hep G2 cells against the
cytotoxic effects of tacrine (Kim et al., 2005) and reports
regarding that an impaired anti-oxidant system, reduced
antioxidant defense potential sand increased peroxidation were
found in steatotic liver tissues of hyperlipidemic animals
(Arhan et al., 2009).

There are contradictory reports regarding the effects of
EConblood HDL-cholesterol. In our results, HDL-cholesterol
level changed littleinthe ECE group whilethislevel increased
in the placebo group, which resulted in a statisticaly
significant difference between the two groups after the
12 week intervention (Table 3). Yeo et al. (2012) aso
reported both polyphenols and dieckols isolated from EC did
not increase serum HDL -cholesterol levels but significantly
lowered total-cholesterol, LDL-cholesterol and triglyceride
levels in High-Fat Diet (HFD)-fed mice. On the other hand,
according to the other studies mentioned above, both extracts
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from EC (Shin et al., 2012) and ES (Yoon et al., 2008) not
only increased HDL -cholesterol levels but also lowered total
and LDL-cholesterol levels.

Thereisageneral consensus about the“HDL hypothesis”
that HDL-cholesterol protects against atherosclerosis
(Barr et al., 1951; Gordon et al., 1977; Vergeer et al., 2010).
However, it has been increasingly questioned whether
HDL-cholesterol would indeed reduce the risk of
atherosclerosis, as some studies showed that genetically
low (Frikke-Schmidt, 2010) or high HDL-cholesterol
(Johannsen et al., 2009; Voight et al., 2012) did not
correspond to expected outcomes in coronary heart disease
risks and drugs that raised HDL-cholesterol failed to reduce
CVD events(Barter et al., 2007; The ACCORD Study Group,
2010) or atherosclerosis (Nissen et al., 2007). It was recently
suggested that HDL quantity (e.g., HDL particle or
apolipoprotein A1) or HDL quality (e.g., particlesize, subclass
distribution) (Rosenson et al., 2011) or various measures of
HDL functionality (De Goma et al., 2008; Angeloni et al.,
2013) may be better markers than plasma HDL-cholesterol
concentration itself.

Therefore, based on the studies discussed above, the
fact that this study did not demonstrate an increasein
HDL-cholesterol concentration does not mean that we failed
to demonstrate an improvement in an atheroprotective marker,
athough we only examined the overal HDL-cholesterol
concentration and did not examine HDL quantity or quality.

There were other discrepancies in anthropometric
parameters. They were not improved in our study (Table 4)
while Shin et al. (2012) reported that polyphenols extracted
from EC improved anthropometric parameters such as BMI,
waist circumference and WHR as well as lipid profiles in
overweight subjects and Yeo et al. (2012) showed that both
polyphenols and dieckols isolated from EC significantly
inhibited body weight gain compared to only HFD-fed mice.

Mechanisms explaining the anti-obesity effects of
polyphenols or phlorotannins of EC areaso not clear.
Yeo et al. (2012) reported that both polyphenols and dieckols
isolated from EC inhibited 3T3-L 1 adipocyte differentiation,
Kong et al. (2010) showed that acompound isolated from EC
inhibited lipid accumulation and adipocyte differentiation by
the down-regulation of the genesinvolved in lipogenesis and
adipogenesis and Ko et al. (2013) showed that dieckol, a
phlorotanninisolated from EC, inhibited adi pogenesisthrough
AMP-activated protein kinase (AMPK) activation in 3T3-L1
cells.

This randomized double-blind, placebo-controlled tria
showed that the ECE had the efficacy on the blood lipid
profile. Moreover, these results on the lipid profile were
similar to those obtained with other dietary supplements
(Ros, 2010; Gylling et al., 2014), some of which have been
shown not only to improve the lipid profile but to reduce
cardiovascular morbidity and mortality in the context of a
Mediterraneandiet (Ros, 2010; Estruch et al., 2013). However,
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as discussed above, contradictory reports exist about the
effects of polyphenols or phlorotannins of EC on blood lipid
profiles and anthropometric parameters. These discrepancies
may be explained by differencesin several factors, suchasEC
extract production process and study design including dosage
and participant characteristics.

This study has some limitations. We did not thoroughly
investigate the participants' daily dietsand physical activities
and did not prohibit the partici pantsfrom consuming seaweed.
However, we made an effort to have the participants
maintain their usual diet and physical activities during the
12 week intervention period and asked them to restrict
their seaweed consumption to the utmost.

Itisnow widely accepted as a scientific fact that lifestyle
modification with emphasis on healthy diet patternsis crucial
in the management of hypercholesterolemia. Inthistrial, ECE
supplementation improved blood lipid profiles through
decreasing total cholesterol and LDL-cholesterol levels. This
result suggests that ECE supplementation has the potentia to
reduce cardiovascular risks and may be effective in the
treatment of atherosclerotic CVD in a safe manner, although
it is necessary to perform more studies with clinical (hard)
end-points to establish its long-term effectiveness and safety.
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