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ABSTRACT

Introduction Hyperlipidaemia, hyperglycaemia and
chronic inflammation are risk factors for chronic diseases
cardiovascular disease and type 2 diabetes. Polyphenols
are bioactive compounds found in marine algae with
potential antihyperlipidaemic, antihyperglycaemic and
anti-inflammatory effects. The modulation of these risk
factors using bioactive polyphenols may represent a useful
strategy for disease prevention and management; research
in humans, however, remains limited. This trial aims to
determine the impact of a polyphenol-rich brown seaweed
extract on fasting hyperlipidaemia, hyperglycaemia and
inflammation. Effects on mood and cognition will also be
evaluated.

Methods and analysis Fifty-eight hypercholesterolaemic
participants who are overweight or have obesity will be
randomised to receive either a polyphenol-rich brown
seaweed extract (2000 mg dose containing 600 mg
polyphenols) or placebo (2000 mg rice flour) daily for

12 weeks. Fasting venous blood samples will be taken

at baseline, week 6 and week 12 of the intervention

to assess serum cholesterol (total, low-density

lipoprotein and high-density lipoprotein) and triglyceride
concentrations, plasma glucose and insulin concentrations
and markers of inflammation. Mood and cognitive function
will be evaluated as exploratory outcomes. Independent
t-tests or equivalent will be used to determine differences
between the two groups in changes from baseline to week
12. Analysis of variance will be used to assess differences
between the groups across the three time points (baseline,
week 6 and week 12).

Ethics and dissemination Ethics approval has been
granted by the Monash University Human Research
Ethics Committee (2017-8689-10379). Results from

this trial will be disseminated through publication in
peer-reviewed journals, national and international
presentations, and a PhD thesis. These results are
essential to inform the use of polyphenol-rich brown
seaweeds as a functional food or nutritional supplement

Strengths and limitations of this study

» This study will use a double-blind, placebo-con-
trolled randomised trial to investigate the antihy-
percholesterolaemic effects of a Fucus vesiculosus
extract .

» This study will be the first to investigate the effect
of supplementation with a Fucus vesiculosus ex-
tract on inflammation in humans at risk of metabolic
disease.

» This will be the first study to investigate the anti-hy-
perlipidaemic, anti-hyperglycaemic and anti-inflam-
matory effects of a Fucus vesiculosus extract in an
Australian population.

» This study is powered based on data from a different
species of seaweed (Ecklonia cava).

ingredients for health promotion and disease prevention
and management in humans.

Trial registration number ACTRN12617001039370; Pre-
results.

INTRODUCTION

For billions of people worldwide, overweight
and obesity is an intractable problem, putting
them at increased risk of numerous non-com-
municable diseases." Weight loss through
lifestyle modification has been the primary
prevention strategy to date, however, weight
loss is challenging to maintain over the long
term.?® Strategies should consider metabolic
mechanisms to reduce the onset of obesi-
ty-related comorbid diseases, such as cardio-
vascular diseases (CVD) and type 2 diabetes
mellitus (T2DM). Central to this issue is the
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identification of bioactive food components that are able
to modulate some of the negative metabolic responses
associated with obesity (eg, hyperlipidaemia, hypergly-
caemia and increased proinflammatory mediators), and
thus reduce the risk of chronic disease. The investiga-
tion of brown algae (or seaweed), rich in polyphenolic
compounds, to modify hyperlipidaemia, hyperglycaemia
and inflammation is an emerging area of nutritional
science research.”

Brown algae or brown seaweeds have long been used
as medicinal herbs in Asian countries. They contain
a number of bioactive compounds with potential to
improve health, including polysaccharides, such as
fucoidan ((1,2)-o-L-fucose-4-sulfate with branching or
sulfate ester group on C3)° and phytochemicals, such
as polyphenols.® Recently, there has been an increased
interest in polyphenols for health promotion and disease
prevention, particularly the unique class of polyphenols,
called phlorotannins, found only in macroalgae.*” ® Phlo-
rotannins are hydrophilic molecules that contain phenyl
(C;H,-) and phenoxy (C;H,O-) groups. They are formed
through the polymerisation of phloroglucinol monomer
units (1,3,5-trihydroxybenzene) and vary in structure and
size (126 Da to 650 kDa).* Their natural function is as part
of the defence system of the alga.*

Current scientific evidence for the antihyperlipidaemic
effects of brown algae is promising. Research has shown
that polyphenols, from the alga FEcklonia cava, dose
dependently inhibited the activity of 3-hydroxy-3-meth-
ylglutaryl-coenzyme A (HMGCoA) reductase, an enzyme
involved in cholesterol production, in vitro.” This effect
has been translated into reductions in total cholesterol,
triglyceride (TG) and low-density lipoprotein (LDL)
cholesterol levels after 5 weeks treatment with the same
polyphenol extract in high-fat diet-fed mice, compared
with high-fat diet-fed mice who received no treatment.”
Other animal studies have also demonstrated reductions
in total cholesterol, TG and LDL cholesterol levels, and
increases in high-density lipoprotein (HDL) cholesterol
levels, following treatment with polyphenol-rich algal
extracts over 3 days to 12 weeks, in diabetic, obese and
hyperlipidaemic mice and rats.'”"? Similarly, treatment
with fucoidan-rich brown seaweed extracts have resulted
in reductions in serum TG, total and LDL cholesterol
levels and increases in HDL cholesterol levels in hyperlip-
idaemic rats (28 days treatment)'’ and hyperlipidaemic
mice (acute 24 hours challenge)," through modulation
of gene expression and enzyme activity.

To date there have been three randomised controlled
trials (RCTs) in humans investigating the anti-hyperlipi-
daemic effects of polyphenol-containing brown seaweed
extracts. In an RCT in Korea, 97 adults who were over-
weight consumed a daily dose of a polyphenol extract
(98.5% phloroglucinol equivalents) from E. cava, 72 or
144mg polyphenols, or placebo, for 12 weeks. The treat-
ment groups observed significant reductions in total
and LDL cholesterol levels, and total to HDL choles-
terol ratio, in a dose-dependent manner, compared with

placebo.'” Again, in Korea, 63 adults with raised choles-
terol (>200mg/dL total cholesterol or >110mg/dL LDL
cholesterol) consumed a polyphenol-rich E. cava extract
(400mg/day, containing 8.2% dieckol (a phlorotannin))
or placebo, for 12 weeks. Reductions in total and LDL
cholesterol were observed in the treatment group,
compared with placebo.'® In a third RCT in Mexico,
25 volunteers who were overweight or obese consumed
500mg of a fucoidan-rich brown seaweed extract
(containing 25mg polyphenols), daily. No differences
between active and placebo treatments were reported for
total cholesterol, TG or HDL cholesterol levels following
3 months of treatment. However, a reduction in LDL
cholesterol levels was observed in the treatment group
compared with no change in the placebo group.'”

Polyphenol-rich brown seaweed extracts have demon-
strated, in a small number of RCTs, the lowering of total
cholesterol, TG and LDL cholesterol levels, likely through
the inhibition of the enzyme HMGCoA reductase and
other mechanisms yet to be established.” '* However,
these studies have been restricted to Asian and Mexican
populations and primarily used extracts from the algal
species E. cava. This study will be the first to investigate
a polyphenol-rich Fucus vesiculosus extract for cholesterol
lowering, and the first to do so in an Australian popu-
lation. This is particularly relevant now given the rapid
growth in the functional food and nutritional supplement
market, with particular consumer interest in marine prod-
ucts that are natural, sustainable and nutrient dense. 192
However, the claimed health effects of these products
remain largely without an evidence base.” If polyphe-
nol-rich brown seaweed extracts are effective at lowering
cholesterol levels, they have great potential to become a
functional food or nutritional supplement ingredient.”
Therefore, the focus of this study will be to determine the
cholesterol lowering effects of a novel, polyphenol-rich
brown seaweed extract.

Secondary outcomes of this study include the effects of
the polyphenol-rich brown seaweed extract on glycaemia,
inflammation, and cognition and mood. There is prom-
ising evidence for the antihyperglycaemic' ***® effects of
algal polyphenols in cell and animal models, as recently
reviewed by the authors.* However, only three RCTs have
investigated the effects of supplementation with a poly-
phenol-rich brown seaweed extract on fasting glucose
and/or insulin levels in humans. After 12 weeks treatment,
they found mixed, but largely insignificant results.'® '7 %
In comparison, more studies have been conducted on
the effects of land-based polyphenols on glycaemia, and
two reviews of these studies came up with similar conclu-
sions; that their antihyperglycaemic effects are promising,
but results remain limited and varied.™ *" This RCT will
add to the evidence for the antihyperglycaemic effects of
polyphenol-rich brown seaweed extracts in humans with
elevated LDL cholesterol.

Published evidence for the anti-inflammatory effects
of algal polyphenols has shown promise in in vitro
and animal models, including the downregulation of
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proinflammatory markers interleukin (IL)-10, IL-6,
IL-1B and tumour necrosis factor (TNF)-o..'! 28 32735 Qimj-
larly, anti-inflammatory effects of numerous land-based
polyphenols have also been demonstrated in vivo and
in vitro.”® ¥ A 2016 review of land based, specifically
fruit, polyphenols indicated that they also show anti-in-
flammatory effects in humans.® However, to date, there
have been no studies investigating the anti-inflammatory
effects of algal polyphenols in humans,'® despite prom-
ising evidence from cell and animal models. This will be
the first RCT to investigate the effects of supplementation
with a polyphenol-rich brown seaweed extract on markers
of chronic inflammation in humans.

A further novel aspect of this study will be the investi-
gation of the effects of a polyphenol-rich brown seaweed
extract on cognitive function and mood. The brain is a
highly metabolically active organ making it susceptible to
oxidative stress, inflammatory processes and fluctuations
in blood flow and vascular processes.” Management of
these processes involves multiple biological systems which
are influenced by dietary intake, including polyphenols.
In healthy older adults, supplementation with polyphenols
from curcumin has acutely improved sustained attention
and working memory, and improved working memory
and mood (alertness and contentedness) over 4 weeks.*
In young and middle-aged adults, supplementation with
cocoa polyphenols acutely improved self-reported mental
fatigue and performance in a serial subtraction cognitive
task and, over 30 days, improved mood (calmness and
contentedness).41 There has been one study, to date, that
has investigated the effects of algal polyphenols on cogni-
tion in humans.*? The double-blind, placebo-controlled,
randomised parallel trial found that supplementation
with algal polyphenols led to improved performance in
cognitive tasks relating to attention and reaction time.*
These results were observed acutely, following a single
dose of polyphenols, there are no human trials that have
investigated the effects of algal polyphenols on cognition
and mood over an extended period. This will be the first
study to investigate the effects of 12 weeks supplemen-
tation with a polyphenol-rich brown seaweed extract on
cognitive function and mood.

Algal polyphenols show potential as antihyperlip-
idaemic, antihyperglycaemic and anti-inflammatory
agents.” The strongest evidence so far in humans is for
the LDL cholesterol-lowering effects of polyphenol-rich
brown seaweed extracts.'® The primary aim of this trial
will be to investigate the effects of a polyphenol-rich
extract from the brown algae species I vesiculosus on LDL
cholesterol in adults with hypercholesterolaemia. Our
hypothesis is that the primary outcome, namely fasting
LDL cholesterol levels, will be reduced in those taking
the extract, compared with those in the placebo group
Secondary outcomes include changes in fasting total and
HDL cholesterol levels, TG levels, fasting glucose and
insulin levels, and, for the first time in humans, changes
in inflammatory markers, mood and cognitive function.
Based on current evidence, we hypothesise that taking the

extract will reduce fasting total cholesterol, TG, glucose
and insulin levels, increase HDL cholesterol levels, that it
will downregulate proinflammatory markers and improve
cognitive function. If effective, polyphenol-rich brown
seaweed extracts show great potential to be used as a func-
tional food or nutritional supplement ingredients for the
prevention and management of chronic disease such as
CVD and T2DM.**

METHODS AND ANALYSIS

Primary aim

To investigate the impact of 12 weeks supplementation

with a polyphenol-rich brown seaweed extract on fasting

LDL cholesterol levels in hypercholesterolaemic adults.
Secondary aims are to investigate the impact of 12

weeks supplementation on fasting total cholesterol, HDL

cholesterol, TG, glucose and insulin levels, as well as

inflammatory markers and cognitive function in hyper-

cholesterolaemic adults.

Hypothesis

Taking a polyphenol-rich brown seaweed extract for 12
weeks will result in a reduction in fasting LDL cholesterol
levels, compared with placebo.

Taking a polyphenol-rich brown seaweed extract for 12
weeks will result in a reduction in fasting total cholesterol,
TG, glucose and insulin levels and an increase in HDL
cholesterol levels. It will result in a reduction in proin-
flammatory markers and improvement in cognitive func-
tion, compared with placebo.

Study design

This trial will be a double-blind, placebo-controlled,
randomised parallel trial with a 1:1 allocation ratio to the
intervention and placebo group. This protocol is reported
according to the Standard Protocol Items: Recommenda-
tions for Interventional Trials 2018 Statement.*

Setting

The present study will take place in a research clinic at
Monash University in Melbourne, Australia. Study partici-
pants will be recruited from the local public.

Participants

Eligibility criteria

Participants will be male and female volunteers, aged
18-65 years, with a body mass index (BMI) >27to
<85kg/m’® (25-35kg/m” for participants of an Asian
background) and fasting LDL cholesterol level above
2.0mmol/L. The National Vascular Disease Prevention
Alliance recommends an LDL level of <2.0mmol/L as a
target for primary prevention, to reduce absolute CVD
risk.**

Exclusion criteria

Participants will be excluded if they have any gastroin-
testinal issues that may affect the absorption and intes-
tinal actions of the polyphenols; are taking medication
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for cholesterol, blood glucose or blood pressure control
or any other medications that may influence results; are
taking other natural health products known to impact on
polyphenols or cholesterol, for example, fish oil or phytos-
terols; are breast feeding or pregnant; have a serious
health condition (eg, liver/thyroid issues or recent major
surgery); consume more than 4 standard drinks per day,
or 14 standard drinks per week; are a cigarette smoker; or
have an implanted cardiac defibrillator. Participants will
be excluded from the cognitive and mood testing if they
have a history of, or current depression, anxiety or signs
of cognitive decline.

Recruitment/screening

Participants will be recruited from the public through
advertisements in Monash University networks, local
papers, social media, and local health and community
centre, through personal contacts, snowballing, partici-
pant databases and mail out.

Interested participants will complete an online
screening questionnaire (Qualtrics, Provo, UT) with
embedded explanatory statement, which collects demo-
graphic and medical information. Following researcher
review of the screening questionnaire, eligible partici-
pants will be invited to attend a screening session at the
Be Active Sleep Eat (BASE) facility, Monash University.

During this session, a fasting (=12 hours fast) finger prick
blood sample will be taken to assess participants’ LDL
cholesterol level using the CardioChek PA Analyser
(Multipoint Technologies, Preston, Victoria, Australia).
Blood pressure will be measured in duplicate in a seated
position using a portable sphygmomanometer (Welch
Allyn, Skaneateles Falls, New York, USA). To determine
BMI, we will measure height, using the Harpenden Stadi-
ometer (Holtain, Crymych) and weight, using the SECA
mBCA 515 medical body composition analyser (serial no.
10000000044061, SECA, Hamburg), according to stan-
dard procedures. Those who meet the eligibility criteria
will provide their written informed consent to participate
in the trial, in the presence of the investigator.

In order to participate in the cognitive and mood
testing, participants will undergo further screening.
The Beck Depression Inventory-II* will be used to
screen for clinically significant depression, participants
with a score of 10 or below will be eligible to partici-
pate. The Mini-Mental State Examination® will be used
to screen for cognitive decline, participants with a score
24 or above will be eligible to participate. Participants
will be asked whether they have a history of psychiatric
disorders. The trait scale of the State-Trait Anxiety
Inventory47 will be used to assess participants’ tendency
towards anxiety, but will not be used to exclude poten-
tial participants. Participants deemed ineligible for the
cognitive and mood testing but who meet the rest of
the inclusion criteria will be invited to participate in the
main part of the study, without the cognitive and mood
testing.

Randomisation, allocation concealment and sequence
generation

Participants will be randomised to receive either the inter-
vention or the placebo product. Computer-generated
randomisation will be used to determine whether partic-
ipants receive the polyphenol-rich extract or placebo.
Each supplement will be coded with a corresponding
letter to conceal its identity. The concealed allocation
sequence will be generated by an investigator who will not
be involved in participant enrolment or data collection
(MPB). A separate investigator who will be blinded to the
allocation codes (MM) will carry out participant enrol-
ment and assignment to intervention. All supplements
will be encapsulated in identical opaque capsules and
given a code to conceal their identity. It will be unknown
to the participants, and investigator carrying out partici-
pant enrolment, data collection and analysis (MM), which
supplement each participant receives. As this supplement
has shown no adverse consequences in an acute study, it
is highly unlikely that early unblinding of participants will
be required. Unblinding will only be permissible once
participants have completed the intervention and results
have been analysed. The investigator (MM) will remain
blinded until analysis of results is complete.

Sample size calculation

Power analyses have been performed to identify the
required sample size to detect a change in fasting LDL
cholesterol level following intervention, at a power of
80%. Using G*Power \/.3.1.9.2,48 the sample size was calcu-
lated based on data from Shin ef al'® a similar 12-week
algal polyphenol intervention study that observed a
reduction in LDL cholesterol levels of 0.5 mmol/L (14%)
following intervention. A total sample of 52 individuals
or 26 per treatment group will be required to detect a
change of this size in LDL cholesterol level. To account
for a drop-out rate of approximately 10%, we plan to
recruit b8 participants.

Preintervention

Prior to the baseline testing visit participants will be asked
to complete a 3-day food diary to assess their baseline
dietary habits. A Food Frequency Questionnaire (FFQ)*’
will be used to estimate participants’ baseline total poly-
phenol intake. The International Physical Activity Ques-
tionnaire (IPAQ) short version will be used to assess
baseline physical activity levels.”

Participants taking part in the cognitive and mood
testing will be familiarised with all study measures prior to
baseline. They will also complete at least two, up to four,
practice runs of an abbreviated version of the cognitive
test battery prior to baseline testing, in order to minimise
any practice effects and errors due to misunderstanding
at baseline.

Study intervention
The intervention will be a 12-week protocol, over which
time participants take a daily dose of either the placebo

4

Murray M, et al. BMJ Open 2018;8:6022195. doi:10.1136/bmjopen-2018-022195

"JybuAdoo Agq paroalold 1sanb Aq #7202 ‘8 Arenuer uo jwod fwag uadolwagy/:dny woly papeojumod 8102 1oquiadad T Uo G6TZZ0-8T0Z-uadolwa/9eTT 0T Sk paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

Testing visit 1

Testing visit 2 Testing visit 3

~ Intervention |
/' (polyphenol)
Screening ~ Randomisation
" Placebo
(rice flour)
Figure 1 Flow diagram of study design.

or intervention product. The intervention product will
be a 2000 mg dose of a commercially available powdered
extract from the brown seaweed F wvesiculosus, containing
600mg polyphenols and 1200 mg fucoidan (a complex
carbohydrate) (Marinova, Tasmania). The placebo will be
a 2000 mg dose of commercially available rice flour (Ward
McKenzie, Altona, Victoria, Australia). All test products
will be encapsulated in identical opaque size 0 capsules
(The Melbourne Food Depot, Australia), to be taken in
the form of four oral capsules per dose. Participants will
be instructed to consume one dose per day with their
evening meal.

Participants will attend three testing sessions over the
course of the study, held at baseline (week 0), week 6 and
week 12 (figure 1). The testing sessions will begin approx-
imately l1week after the screening session. The night
before each testing session, participants will consume a
standardised dinner meal (pasta with tomato-based sauce:
energy 3350Kk]; carbohydrate 117g; protein 23 g; fat 24 g)
between 19:00 and 21:00 and then fast overnight.

The selected intervention length is 12 weeks, as poly-
phenol interventions have previously shown significant
changes in cholesterol levels within this period."”™"” An
additional 6-week testing session will be included to assess
whether changes in cholesterol levels occur any earlier
than 12 weeks. Participants will be asked to maintain
their usual dietary, physical activity and sleeping habits
throughout the trial.

Data collection
Biochemical measures
At baseline, week 6 and week 12, fasting (>11hours)
venous blood samples will be taken by a nurse or trained
phlebotomist to collect serum (BD Vacutainer SST II
Advance Tubes, 8.5 mL, Becton, Dickinson and Company,
Franklin Lakes, New Jersey, USA) and plasma (BD
Vacutainer K,EDTA Tubes, 10mL, Becton, Dickinson and
Company) for biochemical measures. LDL, HDL and
total cholesterol and TG levels will be measured from
serum samples, glucose and insulin levels, and inflamma-
tory markers will be measured from plasma samples.
Plasma samples will be centrifuged immediately for
10min at 4°C at 1.0 RCF (serial no. 5703BI110739, Eppen-
dorf AG, Hamburg). Serum samples will be given at least
30min clotting time then centrifuged for 10min at 1.6
RCF at room temperature (22°C-25°C). The plasma and

serum will then be aliquoted and stored at —80°C until
analysis.

Cholesterol, TG, glucose and C reactive protein
concentrations will be measured on a Thermo Fisher
Indiko clinical chemistry analyser (Thermo Fisher
ScientificTM, Vantaa, Finland) by enzymatic colori-
metric methods using commercially available kits as per
the manufacturer’s instructions (Thermo Fisher Scien-
tificTM). Plasma insulin concentrations will be assessed
using Millipore ELISA Kits for Human Insulin (Cat. #
EZHI-14K and EZHI-14BK, Merck Millipore, Victoria,
Australia) according to manufacturer’s instructions,
with absorbance read using the Rayto Microplate reader
(450 nm wavelength, RT-2100C, Abacus ALS, Queensland,
Australia). Inflammatory markers (including TNF-q,
IL-1B, IL-8, IL-10 and adipokines) will be measured on
a MagPix (Luminex, Austin, Texas, USA) system using
commercially available multiplex magnetic bead panel
assays (MILLIPLEX MAP, EMD Millipore Corporation,
Billerica, Massachusetts, USA).

Anthropometry

Anthropometric measurements will be taken at baseline,
week 6 and week 12. Height will be measured using the
Harpenden Stadiometer (Holtain, Crymych) with shoes
and socks removed. Weight and body composition (% fat
mass, % fat free mass, visceral fat (L)) will be measured
using the SECA mBCA 515 medical body composition
analyser (SECA, Hamburg), with shoes and socks removed
and participants in light clothing. A waist circumference
measure will be taken over light clothing or bare skin at
the narrowest point around the torso.”'

Blood pressure

Resting blood pressure will be measured at baseline,
week 6 and week 12, after 10 min of being seated, using
a portable sphygmomanometer (Welch Allyn). Three
measurements will be taken to calculate an average at
each visit.

Mood measures

Participants taking part in the mood testing will complete
mood measures pre and post the cognitive test battery at
baseline, week 6 and week 12. State mood will be eval-
uated using computerised versions of the Bond-Lader
Visual Analogue Scales,52 which combines scores from 16
individual items to generate three measures of alertness,
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contentedness and calmness. Possible scores on these
measures range from 0 to 100, with greater scores indi-
cating a more desirable state. Two additional Visual
Analogue Scales measure stress and fatigue, also scored
from 0 to 100, however, here a lower score indicates lower
levels of stress and fatigue and is more desirable. State
anxiety will be measured using the state scale of the State-
Trait Anxiety Inventory."” Possible scores range from 20
to 80, with higher scores indicating greater anxiety. These
measures ask participants to respond according to how
they currently feel. Any change in mood following the
cognitive array will be interpreted as the impact of under-
taking a mental challenge on mood.

Cognitive array

Participants taking part in the cognitive testing will
complete a 30min test battery at baseline, week 6 and
week 12. Cognitive assessment will comprise parallel
versions of tasks (listed below) from the Computerised
Mental Performance Assessment System (Northumbria
University, Newcastle upon Tyne, UK).”

Immediate word recall task

Twenty single words will be presented on screen for 1000
ms with an interstimulus interval of 1000 ms. Immediately
following the final word participants will be given 60s to
write down as many words as can be recalled. The task will
be scored as the number of correctly recalled words.

Two-back letters

Letters will be shown on screen one at a time for 500 ms
with an interstimulus time of 2500 ms. The participant
must decide if the letter displayed on screen is the same
as the one shown two letters previously. The task will be
scored for accuracy and response time.

Serial three and serial seven subtraction tasks

A starting number between 800 and 999 will be presented
on screen. Participants mentally subtract three/seven
and provide their answer using the keyboard number
keys. They will continue subtracting three/seven from
the previously entered answer for 2min. Each digit
entered will be represented on screen by an asterisk, thus
requiring all subtractions to be done mentally, without
visual assistance. The task will be scored as the number of
correct responses.

Corsi blocks

Nine blue squares on a black background will be displayed
on the screen. Some of the blue squares will change to red
and back to blue again in a sequence. Participants will be
required to remember this sequence and use the cursor
to click the blocks in the exact sequence in which they
changed colour. The task will be repeated five times at
each level of difficulty with the sequence span increasing
from four to nine squares in each sequence, as long as
participants are making enough correct responses. As
soon as they make less than three correct responses (out
of the five in one level) the task will end. A span score

will be calculated as the average span of the final three
correctly completed trails.

Digit vigilance task

Two single-digit numbers will be presented on screen.
The ‘target number’ will remain steady while the other
changes at a rate of 80 numbers per minute for 3min.
Participants will respond with a button press when the
changing number matches the target number. The task
will be scored for accuracy, response time and false alarm
rate.

Delayed word recall task

Participants will be given 60s to write down as many of
the 20 words presented earlier, as they can recall. A delay
of approximately 20 min will separate word presentation
and the delayed word recall task. The task will be scored
as the number of correctly recalled words.

Delayed word recognition task

Participants will be presented with 40 single words, 20 of
which will be from the original presentation list. Partic-
ipants will be required to indicate whether or not they
recognise each word as having been presented earlier.
Each word will remain on screen until a response is
recorded. A delay of approximately 20 min will separate
word presentation and the delayed word recognition
task. The task will be scored for accuracy and response
time.

Intolerance symptoms

An intolerance symptoms questionnaire, as previously
used by Paradis et al”* will be completed by participants
at their week 12 testing session to assess the occurrence
and intensity of any side effects they experienced over
the course of the intervention. Participants will indicate
whether side effects were absent, or of mild, moderate
or severe intensity (scored as 0, 1, 2 or 3, respectively).
Side effects included in the questionnaire relate to head-
ache, energy levels, appetite, gastrointestinal symptoms,
unusual pain or sensations, cardiac palpitations, balance
disorders and depression/anxiety.

Dietary assessment

Participants will complete diaries and questionnaires in
the week prior to their baseline and week 12 sessions to
assess dietary intake. Food intake data will be collected
using a 3-day food diary (over 2weekdays and 1weekend
day) to establish participants’ usual dietary intake, and
assessed using FoodWorks 8 (Xyris Software (Australia),
Queensland). An FFQ, adapted from a British FFQ*
used to assess polyphenol intake, will be used to estimate
participants’ usual total polyphenol intake, based on
information from the online databases Phenol-Explorer
V.3.6 Database on polyphenol content in foods,” and the
US Department of Agriculture Database for the Flavo-
noid Content of Selected Foods, Release V.3.1 (December
2013).%°
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Physical activity

Participants will complete the IPAQ short version™ in
the weeks prior to their baseline and week 12 sessions, to
assess physical activity habits.

Compliance

Compliance will be assessed through the collection of
supplement check sheets and the return of any unused
capsules. Participants will also receive weekly emails to
encourage compliance and follow-up on any issues that
may arise. Participants will be given their first 6weeks
supply of capsules at the baseline visit, as well as a supple-
ment check sheet to tick off each time they take their
supplement. At the week 6 visit, participants will return
their first supplement check sheets along with any unused
capsules, and be given their next 6 weeks worth of supple-
ment and a new supplement check sheet. At the week
12 visit, any remaining capsules will be collected, along
with participants’ second supplement check sheets. The
capsules will be provided to participants in pill boxes,
measured out in daily doses.

Data management
All participant identifiers will be removed and replaced
with a unique code, which will be used to identify their
biological samples, and electronic and paper-based data,
over multiple data collection points. A separate, pass-
word-protected computer database, accessible only by the
researchers, will store participant identifiers (eg, name,
email address, phone number) and their associated code,
to ensure the confidentiality of any identified data.
Paper-based data will be stored in a locked filing
cabinet at the Monash University BASE facility, Notting
Hill, Victoria, Australia for 5 years, after which it will be
destroyed. All questionnaire and paper-based data will be
entered into an electronic database for statistical analysis.
The electronic database will be stored in a password-pro-
tected computer file to ensure its security and the confi-
dentiality. Following completion of the study, this data
will be kept for 5 years in a password-protected location.
Biological samples will be stored in a swipe card secured
laboratory within an -80°C freezer, with an alarm system
that alerts a staff member if the temperature rises above
a predetermined temperature. Samples will be stored
for byears from collection date, and disposed of accord-
ingly after that time. Only the named researchers on the
project will have access to the samples. All samples will be
de-identified and identified by a code known only by the
researchers.

Protocol deviations

Protocol deviations will be communicated via an update
of the Australian and New Zealand Clinical Trials Registry
as well as through a letter to the editor of this Journal.

Statistical analysis plan

All results will be assessed for normality. Where possible,
skewed distributions will be log transformed before anal-
ysis. The level of significance will be accepted at p<0.05.

Data will be expressed as mean+SD (parametric) or
median+IQR (non-parametric) unless otherwise stated.
Analyses will be performed using SPSS V.24 (SPSS). A
per-protocol analysis will be carried out, in which only
participants who complete the full study protocol will be
included. Any participants with less than 80% compliance
will be considered as not completing. A modified inten-
tion-to-treat (ITT) analysis will also be carried out, in
which all randomised participants will be analysed in their
randomisation group, with the last observed value carried
forward for missing data.””*® The modification to the ITT
protocol will be the exclusion of participants who were
randomised but did not complete baseline measures.™
Independent samples t-tests or Mann-Whitney U tests for
non-parametric variables will be used to determine differ-
ences between the groups in the changes in outcomes
from baseline to week 12 (primary outcome). A mixed
between-within subjects analysis of variance (ANOVA)
will be used to assess the differences between the groups
across the three time points (baseline, week 6 and week
12). ANOVAs for the biochemical measures will be
repeated including the variables of age, gender, change
in weight status and usual polyphenol intake added as
covariates. These variables have been chosen as covariates
as they may influence levels of cholesterol, TG, glucose,
insulin and inflammatory markers in the blood.

Patient and public involvement

There was no involvement of patients or the public in the
development of the research question, outcome measures
or study design. Study participants will not be directly
involved in recruitment, however, snowballing through
word of mouth is a part of the recruitment strategy.
Furthermore, given that the intervention will involve
taking a daily supplement, with no other lifestyle change,
participants will not be asked to assess the burden of the
intervention. Findings from this research will be dissemi-
nated to study participants as detailed below.

ETHICS AND DISSEMINATION

Consent process

Prior to enrolment in the study, all participants will be
given access to details of the study, specifically the explan-
atory statement (online supplementary file 1), via email
and the online screening questionnaire. Participants who
meet the inclusion criteria will be invited to a screening
session where they will have a chance to ask any ques-
tions and have the study explained to them verbally.
Written informed consent will be attained from all partic-
ipants who choose to participate, in the presence of the
researcher. See online supplementary file 2 for participant
informed consent form. All participants will be informed
of their right to withdraw from the study at any time.

Data access
There are no contractual agreements that require the
data from this trial to be shared.

Murray M, et al. BMJ Open 2018;8:€022195. doi:10.1136/bmjopen-2018-022195

"JybuAdoo Agq paroalold 1sanb Aq #7202 ‘8 Arenuer uo jwod fwag uadolwagy/:dny woly papeojumod 8102 1oquiadad T Uo G6TZZ0-8T0Z-uadolwa/9eTT 0T Sk paysiignd 1si1y :uado CING


https://dx.doi.org/10.1136/bmjopen-2018-022195
https://dx.doi.org/10.1136/bmjopen-2018-022195
http://bmjopen.bmj.com/

Confidentiality

Personal information (eg, name and contact details) will
be collected by MM and stored in a password-protected
electronic database. Only the study’s researchers will have
access to this information. Only de-identified data will be
presented via publications.

Dissemination

The results of this trial will be disseminated in a grouped,
de-identified form and there will be no way to identify
individual participants. The findings of this trial will be
disseminated through peerreviewed journal articles,
national and international conference presentations, and
a PhD thesis. Outcomes will be reported to stakeholder
and funder, Marinova. Participants will be provided with
an individual body composition report, as well as their
cholesterol levels as recorded at the screening session.
An overall summary of the results of the trial (de-iden-
tified) will be disseminated to participants, on request.
Participants will be offered monetary compensation ($50
voucher each) as a gesture of reimbursement for their
time and inconvenience.

DISCUSSION

Polyphenol-rich brown seaweed extracts may be useful
as a nutrition supplement or functional food ingredient
for the management of hyperlipidaemia, hyperglycaemia
and chronic inflammation in humans, to help prevent
diseases like CVD and T2DM. Evidence in mice and rat
models has shown that these products can be as effec-
tive as current drug treatments for reducing serum total
and LDL cholesterol and TG levels.'** They also reduce
fasting blood glucose,'’**** and levels of proinflammatory
markers in cell and animal models in a dose-dependent
manner.'' %% Our 2017 systematic review indicated that
polyphenol-rich brown seaweed extracts may be effective
at reducing total cholesterol and LDL cholesterol levels
in humans, with the most promising research involving
polyphenols from the brown macroagla E. cava. However,
effects on fasting glycaemia were mixed and no studies to
date have examined the anti-inflammatory effects of these
extracts in humans.'® Furthermore, a recent chapter by
Cox and Scholey indicated that polyphenols from terres-
trial sources (eg, tea, cocoa) had positive impacts on mood
and cognition, however, no studies to date have examined
the long-term impact of a polyphenol-rich brown seaweed
extract on these outcomes.’

Strengths

There are a number of novel features in this study design.
This trial will be the first to examine the effects of supple-
mentation with a polyphenol-rich F vesiculosus extract in
an Australian population for all of the aforementioned
outcomes. It will also be the first to investigate the effects
of a polyphenol-rich brown seaweed extract on inflam-
matory markers in humans, though not necessarily

powered for this outcome. There are also a number of
features of this study designed to add to the existing liter-
ature. There have been four previous 12-week RCTs that
have investigated the effects of polyphenol-rich brown
seaweed extracts on fasting cholesterol and/or blood
sugar levels.””™” % This study has been designed as a
double-blind, placebo-controlled randomised parallel
trial, the gold standard for determining the effect of an
intervention,” with a similar duration and population to
previous studies, in order to add to this growing evidence
base.

Limitations

In order to be included in this study, participants
must have a fasting LDL cholesterol level greater than
2.0mmol/L. While this is based on recommendations for
primary prevention of CVD from The National Vascular
Disease Prevention Alliance,™ we acknowledge that this
cut-off (2.0mmol/L) is classified within the healthy range
by other organisations,”" and therefore, the magnitude of
change seen following intervention may be less than if
the cut-off was higher. However, the included criterion
ensures that participants have a fasting LDL cholesterol
level of above 2.0mmol/L, therefore, by definition, the
sample means LDL level will be higher than 2.0 mmol/L.
Another limitation of this study is the, potentially
confounding, presence of fucoidan in the extract. There
is evidence from animal models that fucoidan itself lowers
TG, total and LDL cholesterol levels and increases HDL
cholesterol."” '* However, the only RCT to investigate this
effect in humans used a fucoidan-rich brown seaweed
extract that also contained polyphenols."” Therefore,
it is unclear whether the fucoidan or polyphenols were
responsible for the observed reduction in LDL choles-
terol following intervention.'” Similarly in the observed
outcomes from this trial, the role of the fucoidan and
polyphenols may be difficult to differentiate. Given there
is in vitro and animal model evidence that both brown
seaweed polyphenols and fucoidan lower cholesterol
levels,”* the efficacy of the extract as a whole may be
more important than determining the effect of its indi-
vidual components.

Polyphenol-rich brown seaweed extracts are presently
of interest given consumer preferences for natural and
sustainable health products,” ® alongside the ongoing
rise in obesity and chronic disease prevalence.' *® °* With
the rapidly expanding global functional food market
showing increasing consumer interest in marine prod-
ucts,” # it is of interest to population health that research
is carried out to investigate the efficacy of brown seaweed
extracts for use in health promotion and disease preven-
tion and management in humans. This RCT will add
to the growing literature for the potential antihyperlip-
idaemic, antihyperglycaemic, anti-inflammatory, and
cognitive and mood enhancing effects of polyphenol-rich
brown seaweed extracts in humans.
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