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Abstract

Background Heart failure is a chronic and progressive disease where the heart muscle is unable to pump enough
blood and oxygen to meet the body’s needs. Oxidative stress and inflammation are key elements in the develop-
ment and progression of heart failure. Astaxanthin, a carotenoid, has strong anti-inflammatory and antioxidant
effects that may protect the cardiovascular system. A study will evaluate the effect of astaxanthin supplementation
on inflammatory status, oxidative stress, lipid profile, uric acid levels, endothelial function, quality of life, and disease
symptoms in people with heart failure.

Methods The current study is a double-blind controlled randomized clinical trial for 8 weeks, in which people

with heart failure were randomly assigned to two groups: intervention (one capsule containing 20 mg of astaxan-
thin per day, n=40) and placebo (one capsule containing 20 mg of maltodextrin per day, n=40) will be divided. At
the beginning and end of the intervention, uric acid, lipid profile, oxidative stress indices, inflammatory markers, blood
pressure, nitric oxide, and anthropometric factors will be measured, and questionnaires measuring quality of life,
fatigue intensity, shortness of breath, and appetite will be completed. SPSS version 22 software will be used for statis-
tical analysis.

Discussion There is a growing global interest in natural and functional food products. This RCT contributes
to the expanding body of research on the potential benefits of astaxanthin in heart failure patients, including its anti-
oxidant, lipid-lowering, and anti-inflammatory effects.

Trial registration Iranian Registry of Clinical Trials IRCT20200429047235N3. Registered on 26 March 2024.
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Introduction

Background and rationale {6a}

In recent years, the rapid increase in non-communica-
ble diseases has posed a significant health challenge,
threatening the well-being and economic progress of
societies. Chronic non-communicable diseases such as
cardiovascular diseases, cancer, respiratory diseases,
and diabetes mellitus are the leading causes of death
globally [1].
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Heart failure, for example, is a progressive condition
where the heart muscle is unable to adequately pump
blood to meet the body’s needs [2].

The symptoms and complications of these diseases
can significantly impact patients’ quality of life, increas-
ing the risk of hospitalization and mortality [3]. The
American Heart Association (AHA), 2014 reports that
approximately 7.3% of all deaths from cardiovascular
diseases are due to heart failure. It is predicted that by
2030, more than 23.3 million individuals will lose their
lives annually due to cardiovascular diseases, and the
prevalence of heart failure is expected to increase by
25% [4].

The prevalence of heart failure in Iran has been
reported as 8%, which is higher than in other Asian coun-
tries, including Japan (0.8%), China (3.5%), and India
(0.3%) [5]. Common symptoms of heart failure include
fatigue, loss of appetite, shortness of breath, ankle swell-
ing, and exercise intolerance [6].

In recent years, oxidative stress and inflammation have
gained significant attention as key pathophysiological ele-
ments of the heart failure syndrome and potential factors
in the development of heart failure. The dysfunction of
cardiac mitochondria is a symptom of heart failure and
a major contributor to oxidative stress, which in turn
has damaging effects on cellular components, including
the mitochondria themselves, leading to the creation of
a defective cycle. Oxidative stress leads to damage and
inflammation of the myocardial tissue, ultimately con-
tributing to the development and progression of heart
failure. Some markers of oxidative stress and inflamma-
tion are increased in chronic heart failure and have prog-
nostic importance. Uric acid is a biomarker of oxidative
stress in heart failure patients, and high uric acid levels
are a risk factor for adverse outcomes, including mor-
tality. The prevalence of hyperuricemia in patients with
heart failure has been reported to range from 30 to 60%
[7].

Moreover, increased oxidative stress leads to a reduc-
tion in the bioavailability of nitric oxide. In this con-
dition, nitric oxide (NO) is deactivated by superoxide
anions, and this reaction can potentially generate per-
oxynitrite, which is a toxic substance. Numerous studies
have indicated that patients with heart failure experience
a decrease in the body’s nitric oxide levels, potentially
leading to elevated blood pressure and inflammation in
the heart vessel walls [8, 9].

Monocyte chemotactic protein 1 (MCP-1) is a cytokine
with pro-inflammatory properties, which is generated in
reaction to injury or exposure to other cytokines. Its con-
centration rises in individuals with heart failure, poten-
tially leading to a significant inflammatory response and
the development of atherosclerosis [10, 11].



Mohammadi et al. Trials (2024) 25:518

Blood lipid levels play a crucial role as risk factors for
heart failure. Atherogenic index of plasma (AIP) is a
strong predictor for assessing the risk of atherosclerosis
and coronary heart disease, calculated using the formula
(log) TG/HDL-C [12, 13]. The amount of AIP is notably
higher in patients with heart failure compared to healthy
individuals and is inversely related to left ventricular
ejection fraction (LVEF) [14, 15].

Due to these reasons, antioxidants or anti-inflamma-
tory medications may yield beneficial results in managing
patients with heart failure [16—18].

Astaxanthin, a carotenoid similar to carotene and lyco-
pene, is commonly found in nature, particularly in natu-
rally occurring deep red seafood such as salmon, shrimp,
and crab [19]. As humans are unable to produce carot-
enoids, astaxanthin must be acquired through dietary
sources [20]. As per reports, astaxanthin exhibits a potent
antioxidant effect that is more than 100 times stronger
than alpha-tocopherol [21]. Astaxanthin also possesses
various properties including anti-inflammatory, anti-
oxidative stress, anti-cancer, immune system modulation,
and blood pressure reduction [22-24]. In 1999, the US
Food and Drug Administration approved astaxanthin for
use as a dietary supplement [25]. Astaxanthin, derived
from microalgae such as Haematococcus pluvialis, is
commercially available as a food supplement in many
countries [26]. Previous studies have demonstrated the
effectiveness of astaxanthin in reducing inflammatory
biomarkers and cytokines, as well as improving lipid pro-
file levels [27, 28].

In a meta-analysis study conducted in 2015, Ersonia
et al. investigated the impact of astaxanthin supplemen-
tation on lipid profile and glycemic markers. Seven stud-
ies involving 280 adult participants were evaluated, using
a dosage of 4 to 20 mg over a study period of 4 weeks to
3 months. The results indicated that the supplementa-
tion did not affect the lipid profile, but did lead to a slight
decrease in blood glucose levels [29].

In a meta-analysis conducted in 2020 by Xia et al., the
impact of astaxanthin supplementation on obesity, blood
pressure, lipid profile, and glycemic biomarkers was
investigated. The study revealed that astaxanthin con-
sumption led to an increase in HDL-C and a decrease
in CRP (at doses higher than 12 mg), with no significant
effect on other factors [30].

In a 2021 systematic review and meta-analysis con-
ducted by Mokhtari et al., the impact of astaxanthin sup-
plementation on blood pressure was investigated. The
study evaluated 10 clinical trials with a total of 493 adult
participants. The findings indicated that astaxanthin sup-
plementation may lead to a reduction in diastolic blood
pressure, particularly when administered at a dosage
exceeding 12 mg per day in Asian individuals [22].
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Another meta-analysis conducted in 2022 investigated
the impact of astaxanthin supplementation on the health
outcomes of adults at risk of metabolic syndrome. Seven
studies involving 321 participants were assessed, and the
results indicated that astaxanthin supplementation had
marginal effects on reducing total cholesterol and systolic
blood pressure, as well as significant effects on reducing
LDL levels [31].

Based on a study conducted by Qarai et al. in 2022
involving 60 women with polycystic ovary syndrome, it
was found that the administration of 8 mg of astaxanthin
per day for 40 days resulted in an increase in the total
antioxidant capacity compared to the placebo group.
However, it did not have a significant effect on the levels
of malondialdehyde and superoxide dismutase [32].

In a study by Rostami et al. in 2023, 50 infertile women
with endometriosis were administered a daily dose of 6
mg of astaxanthin for a period of 12 weeks. The study’s
findings revealed a significant increase in the total anti-
oxidant capacity and superoxide dismutase, along with
a significant decrease in malondialdehyde, interleukin-6,
and TNF-a levels as a result of the supplement intake
[33].

Hence, taking into account the positive impact of asta-
xanthin in decreasing oxidative stress and inflammation,
and the limited research on the impact of astaxanthin
supplementation on individuals with heart failure, we aim
to examine the effects of astaxanthin supplementation on
inflammatory markers, oxidative stress levels, lipid pro-
file, uric acid levels, blood pressure, and endothelial func-
tion, as well as the quality of life and symptoms of heart
failure in a double-blind randomized controlled clinical
trial.

Objectives {7}

Main aim: To assess the impact of astaxanthin supple-
mentation on inflammatory markers, oxidative stress
indices, lipid profile, uric acid level, blood pressure,
endothelial function, quality of life, and disease symp-
toms in individuals with heart failure.

Primary objective: To evaluate the effect of 8-week
astaxanthin consumption on levels of total antioxidant
capacity (TAC) in individuals with heart failure.

Secondary objective: To evaluate the effect of 8-week
astaxanthin consumption on variation in lipid profile
(cholesterol, LDL-C, HDL-C, TG, AIP), oxidative stress
levels (SOD, MDA, TAC), inflammatory markers (CRP,
MCP-1, TNFa), uric acid levels, endothelial function
(nitric oxide), quality of life and symptoms of heart fail-
ure (fatigue, loss of appetite, shortness of breath). Also to
determine the impact of astaxanthin supplementation on
the average alterations in anthropometric measurements
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(such as weight, BMI, and waist circumference) in indi-
viduals with heart failure pre- and post-intervention.

Trial design {8}

This is an 8-week, prospective, double-blinded, parallel
assigned, randomized controlled clinical trial (RCT) in
which subjects with heart failure will be randomized to
an interventional (astaxanthin) or placebo group.

Methods: participants, interventions,

and outcomes

Study setting {9}

In this clinical trial, 80 adults suffering from stage C and
D heart failure according to AHA criteria [34] and diag-
nosed by cardiologists, will be recruited from Chamran
Heart Hospital in Isfahan, Iran, if they meet the eligibility
criteria.

Eligibility criteria {10}

The inclusion criteria of subjects include (1) willingness
to participate in the study and completion of the consent
form, (2) age 18 years and above, (3) known heart failure
in stages C and D based on AHA criteria and cardiologist
diagnosis. Exclusion criteria include (1) unwillingness to
continue participation; (2) pregnancy and breastfeeding;
(3) consumption of alcoholic beverages; (4) drug addic-
tion; (5) suffering from uncontrolled diabetes; (6) use of
herbal and medicinal supplements especially antioxidant
supplements 3 months before starting the study; (7) war-
farin drug use; (8) suffering from chronic liver, kidney,
and lung diseases; (9) following a special diet or exercise
program; (10) suffering from cancer; (11) suffering from
chronic inflammatory diseases such as Crohn’s and ulcer-
ative colitis; and (12) suffering from acute coronary heart
syndrome or heart surgery in the last 4 weeks.

Dropout criteria included any side effects, consump-
tion of less than 80% of the total astaxanthin supplement,
change in the patient’s medication plan, and patient’s
unwillingness to continue the study. Participants are
allowed to withdraw from the study at any time.

Diagnosis criteria for heart failure

The diagnosis of heart failure is based on the AHA cri-
teria. The American Heart Association categorizes heart
failure based on the stages of the disease, with the first
two stages being asymptomatic and the second two
stages accompanied by symptoms.

Stage A: Individuals are at risk for heart failure, with no
symptoms, structural heart disease, or evidence of ele-
vated cardiac biomarkers, but they have present risk fac-
tors. Risk factors include high blood pressure, diabetes,
metabolic syndrome, cardiotoxic medications, or genetic
cardiomyopathy.
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Stage B: Prior to the onset of heart failure, patients
exhibit no signs or symptoms of the condition, but there
is dysfunction in the heart.

Stage C: With underlying structural heart disease and a
present or previous history of symptoms related to heart
failure.

Stage D: Severe heart failure, symptoms that do not
respond to treatment and disrupt daily activities, or fre-
quent need for hospitalization [34].

Who will take informed consent? {26a}

All subjects will be asked for their consent before any
information is collected. Once they have reviewed the
consent forms and had any questions answered by
the study staff, those who wish to participate will be
requested to sign the forms. Participants will receive a
copy of the consent form, and the study staff will retain
all original signed consent forms.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

All information pertaining to the participants will be kept

confidential, and only the general and group findings of

this research will be published without disclosing the

names and specific characteristics of the individuals.
Additionally, individuals will have the option to receive

their own individual review results.

Interventions

Explanation for the choice of comparators {6b}

At first, the diagnosis of people with stage C and D heart
failure based on the criteria of the American Heart Asso-
ciation (AHA) [34] is performed by a cardiologist from
those who refer to Shahid Chamran Hospital. Finally,
after checking other inclusion and exclusion criteria and
if they have all the necessary criteria and obtain a written
consent, the eligible people will be included in the study.
In this study, the sample size required for each group is
40 people, and a total of 80 people will be studied. They
will be randomly divided into two intervention and pla-
cebo groups and will be studied for 8 weeks.

Intervention description {11a}

The intervention group took one daily capsule of astax-
anthin (containing 20 mg) made by the company “Taravat
Zendeh Biotechnology” located in Al-Zahra University
and the control group took one daily placebo capsule
(containing 20 mg of maltodextrin) with the Foodchem
brand, prepared from Osina Chemi in a packaged form
and covered and having the same appearance (same taste,
smell and color) will receive astaxanthin supplement
(blinding) for 60 consecutive days.
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Both astaxanthin supplement capsules and placebo
were coded by someone outside the study (codes A and
B) until the end of the study. The codes used will remain
hidden from the people involved in the implementation
of the study plan (concealment). Both groups should eat
1 capsule containing astaxanthin or maltodextrin with a
specified main meal (for example, with lunch). Patients
will be seen again in the mid-term of the intervention
(week 4) in order to complete the food record and physi-
cal activity questionnaire.

Previous research has utilized doses of 0.16 to 40 mg
per day and intervention durations ranging from 3 weeks
to 3 months for astaxanthin [31]. Even in the dose of 45
mg per day, no adverse effect was observed [35]. Most
studies have found a dosage higher than 12 mg to be
effective [30, 36]. Therefore, based on a review of relevant
articles and the safe amount of astaxanthin consumption,
the appropriate dosage for astaxanthin supplementation
will be 20 mg per day in the form of oral capsules [35,
37]. In order to reduce the effect of confounding factors,
patients will be asked not to change their diet and physi-
cal activities during the study.

Criteria for discontinuing or modifying allocated
interventions {11b}

If the participant does not want to continue the study,
observe any side effects, change in the patient’s medica-
tion plan, and unstable clinical condition, the interven-
tion will be stopped.

Strategies to improve adherence to interventions {11c}
In order to ensure that the participants in the study
are taking the capsules, they will be contacted weekly
by phone or SMS to remind them to take the capsules.
Additionally, a daily supplement consumption checklist
will be provided for participants to track their consump-
tion, and at the end of the study, supplemental cans will
be provided.

The project manager will cover the cost of all supple-
ments and tests, and the patient will not be required to
pay any fees.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Throughout the study, all patients (intervention and con-
trol groups) will receive the standard treatment method.
They will continue to receive their routine medications.
Participation in this project is voluntary and informed,
and individuals are not obligated to take part in this
research. Additionally, if individuals choose not to par-
ticipate in the study, they will still have access to regular
diagnostic and therapeutic care, and their relationship
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with the treatment center and healthcare provider will
not be affected.

Provisions for post-trial care {30}

Based on previous reports, there are no known compli-
cations or potential risks for individuals participating in
this study. If there is an allergy to plant materials such
as astaxanthin, taking the supplement may cause side
effects. In case of sensitivity, one should not participate
in this project. If any complications are observed, the
treatment method of stopping the intervention is used
to treat unpleasant side effects. If during and after the
research, any physical or mental problem occurs to the
person due to participating in this research, the responsi-
bility for treatment, costs, and compensation will lie with
the organizer.

Outcomes {12}

Primary outcomes

The primary outcome is the significant difference in the
mean changes of total antioxidant capacity (TAC) before
and after the intervention.

Secondary outcomes

1) The significant difference in the mean lipid profile
changes (total cholesterol level, LDL-cholesterol,
HDL-cholesterol, TG) and plasma atherogenic index
before and after the intervention

2) The significant difference in the mean changes of
oxidative stress indices (MDA and SOD) before and
after the intervention

3) The significant difference in the average changes of
inflammatory markers (TNFa, CRP, MCP1) before
and after the intervention

4) The significant difference in changes in endothe-
lial function (nitric oxide level) before and after the
intervention

5) The significant difference in the average changes in
uric acid levels before and after the intervention

6) The significant difference in the mean changes of sys-
tolic and diastolic blood pressure before and after the
intervention

7) The significant difference in the average changes of
the total score of the quality of life of people with
heart failure before and after the intervention

8) The significant difference in the average changes
of the total score of fatigue intensity of people with
heart failure before and after the intervention

9) The significant difference in the average changes of
the total score of the severity of shortness of breath
of people with heart failure before and after the inter-
vention
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10)  The significant difference in the average changes
of the total appetite score of people with heart failure
before and after the intervention

11)  The significant difference in the average change
s of anthropometric indices (weight, BMI, and waist
circumference) of people with heart failure before
and after the intervention

Participant timeline {13}
The study flow diagram is according to Table 1 and Fig. 1.

Sample size {14}

The sample size is determined based on the following
formula, taking into consideration a significance level
of 5% (Z=1.96) and a statistical power of 80% (Z=0.84)
to detect the standardized effect size of A=0.7 for total
antioxidant capacity (TAC) [37], and considering the
same number of samples in each group ¢ =1, the num-
ber of 33 people in each group was determined. In order
to account for the potential loss, an additional 20% of the
total sample size will be included, meaning that 40 indi-
viduals will be examined in each group.

2
o <1 + <p> (z1-a/2 + 21-8) Z%w/z
) A2 21+ ¢)

Recruitment {15}

We are planning to enroll a total of 80 participants, with
40 in each group, who have heart failure stage Cand D in
Isfahan, Iran for our clinical trial. Eligible volunteers, who
are patients at Chamran Heart Hospital and receive regu-
lar hospital clinic visits every 1 month, will be recruited.
Moreover, the study will also include other volunteer
individuals who are referred to the hospital after seeing
an advertisement and meeting the eligibility criteria. To

Table 1 Timeline and applied tests
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ensure sufficient participant enrollment, the hospital’s
clinic staff will be notified about the study, and patients
will be engaged in informational discussions.

Assignment of interventions: allocation

Sequence generation {16a}

The participants will be randomly assigned to either the
intervention or placebo groups using permuted block
randomization with a block size of 4 generated by statis-
tical software or Sealed Envelope website.

Concealment mechanism {16b}

Both the astaxanthin supplement capsules and the pla-
cebo will be coded by someone outside the study as codes
A and B, respectively. The codes will remain undisclosed
to the individuals involved in the study’s implementation
until the end of the study to ensure concealment.

Implementation {16c¢}

Randomization will be conducted using a sequence gen-
erated by statistical software or Sealed Envelope website.
The participants will be randomly assigned to either the
intervention or placebo groups using permuted block
randomization with a block size of 4.

Assignment of interventions: blinding

Who will be blinded {17a}

This study employs a double-blind approach, where
patients and the principal investigator are unaware of
the type of product being administered. Patients receive
either the intervention or placebo in indistinguishable
packaging (same taste, smell, color, and appearance).

Procedure for unblinding if needed {17b}
The primary consideration in making such decisions
should always be the safety of people. In the case of a

Timepoint

Baseline After 8 weeks

Enrollment

Eligibility screening

Inform consent
Randomization

Allocation

Blood sample

Blood pressure measurement
Anthropometric measurement
Complete questionnaires
Intervention

Treatment group: astaxanthin capsules (20 mg/day for 8 weeks)

AN N N N N N N N NN
X << X X X X X

Control group: placebo capsules (20 mg/day maltodextrin for 8 weeks)
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Enrollment

Assessed for eligibility (n= )

Excluded (n= )
Not meeting inclusion criteria (n= )

A 4

l

Declined to participate (n= )
Other reasons (n= )

Randomization (n=80)

l

l Allocation

l

Allocated to placebo group (maltodextrin)
(n=40)

Received allocated intervention (n= )
Did not received allocated intervention
(give reasons) (n= )

Allocated to intervention group
(Astaxanthin) (n=40)

Received allocated intervention (n= )
Did not received allocated intervention
(give reasons) (n= )

Follow up

Lost to follow up (give reasons) (n=)
Discontinued placebo capsules (give
reasons) (n=)

Lost to follow up (give reasons) (n=)
Discontinued intervention (give reasons)

(n=)

l Analysis l

Analyzed (n=)
Exclude from analysis (give reasons) (n=)

Analyzed (n=)
Exclude from analysis (give reasons) (n=)

Fig. 1 Participant flow diagram

medical emergency, the investigator will determine the
necessity of unblinding in consultation with a medical
specialist. If unblinding is deemed necessary, detailed
records of the date and reason for unblinding will be
documented.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Main outcomes assessments

Biochemical evaluation In order to determine the con-
centration of blood factors, the subjects will be requested

to refer to the Chamran hospital laboratory after fasting
for 10—12 h at the beginning and end of the study. In the
laboratory, 10 cc of venous blood samples will be taken
from patients. In the next step, the blood samples will be
centrifuged at 3500 revolutions per minute. Then the sep-
arated serum is poured into microtubes and kept at—80
°C until use. Cholesterol-serum, LDL-C, HDL-C, and TG,
are measured by enzymatic colorimetric method. CRP
will be measured by turbidometry. The level of uric acid
will be assessed using the uricase method and the Pars
Peyvand kit. To measure antioxidant indices (SOD, TAC,
MDA) and nitric oxide will be used from Navand Salamat
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kits. To measure inflammatory indicators (MCP-1, TNE-
a), Karmania Parsgen company kits will be used. AIP
based on the formula, (logTG/HDL-C) will be calculated.

Evaluation of the quality of life In order to measure
the quality of life of heart failure patients, the Minnesota
Questionnaire will be used. The Minnesota Heart Fail-
ure Quality of Life Questionnaire (MLHFQ) includes 21
items that measure the physical, psychological, and soci-
oeconomic limitations caused by the symptoms of heart
failure in the last month. This questionnaire is scored on
a 6-point Likert scale. Each question has 6 criteria and
is scored from O to 5, where 0 indicates no restriction
and 5 indicates a maximum restriction. The total score
is between 0 and 105 and in fact, whatever If the scores
obtained from this tool are higher, the patient will have
a poorer quality of life [38]. The MLHFQ questionnaire
is the most common questionnaire used in heart failure
patients and the validity and reliability of the Persian ver-
sion has been confirmed in the research of Eskandari
et al. [39].

Evaluation of fatigue severity Assessment of fatigue
severity will be conducted using the Persian version of
the Fatigue Severity Questionnaire (FSS). This question-
naire consists of 9 statements that patients will rate based
on their level of agreement, with each item scored from
zero to seven (0=completely agree, 7=completely disa-
gree). Finally, each individual will receive a score ranging
from O to 63 [40]. An individual scoring 0-21 is catego-
rized as experiencing mild fatigue, while a score of 22-43
suggests moderate fatigue, and a score of 43—63 indicates
severe fatigue [41]. The qualitative content validity of the
FSS has been confirmed in previous studies conducted in
Iran, and its test-retest reliability has been calculated to
be between 0.78 and 0.95 [40].

Assessment of the severity of dyspnea The severity of
dyspnea during physical activity will be evaluated using
the Modified Medical Research Council (MMRC) five-
item dyspnea scale. This scale grades the severity of
dyspnea from zero (no dyspnea during normal activities
or vigorous exercise) to four (dyspnea during normal
activities). Patients will be asked to read descriptive state-
ments on the scale and choose a number that best rep-
resents their level of dyspnea [42]. The scale’s reliability
has been established in previous research using the intra-
class correlation coefficient, with a reported value of 0.82
both at the initial assessment and during the follow-up
period [43]. The reliability of the MMRC scale in Iran was
assessed using the qualitative content validity method,
incorporating feedback from experts in heart, lung, and
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nursing fields, and its reliability was determined to be 0.8
through the intraclass correlation coefficient [44].

Assessment of appetite The study will assess the partici-
pants’ appetite using the Simplified Nutritional Appetite
Questionnaire (SNAQ), which consists of four questions.
The score will range from 4 to 20, and a score of <14
indicates the risk of unintentional loss of at least 5% of
body weight in 6 months [45].

Secondary outcomes assessments

Anthropometric ~ measures Anthropometric  meas-
urements, including height, waist circumference, and
weight, are measured at the beginning of the study and
8 weeks after the intervention. Body weight is measured
with approximately 0.1 kg in the morning, fasting, with-
out shoes, and with minimal clothes, using a digital scale.
Height is measured to the nearest 0.1 cm in a standing
position without shoes by an inflexible meter. BMI is cal-
culated by dividing the weight (kilograms) by the square
of the height (meters). The waist circumference is also
approximately 0.1 cm from the area of the smallest diam-
eter between the last rib or the lower edge of the chest
and the crown of the upper anterior rib with a non-elas-
tic measuring tape while the person is standing, will be
measured and recorded.

Confounding variable assessments

Demographic characteristics Demographic variables
(including age, gender, marital status, menopausal status,
smoking, history of illness and medical history, level of
education, occupation, economic and social status, con-
sumption of supplements and drugs) will be collected
from all participants by completing a general information
questionnaire.

Assessment of dietary intake To assess the usual dietary
intake of patients, individuals will be requested to com-
plete 3-day food records (2 regular days and 1 holiday
day) at the beginning, middle, and end of the study. The
data obtained from food records will be calculated and
analyzed using the Nutritionist IV software and SPSS
version 22.

Evaluation of physical activity The participants’ level of
physical activity at the start, middle, and end of the study
will be documented using the International Physical
Activity Questionnaire (IPAQ). The metabolic equivalent
(MET) will be calculated for the specified physical activ-
ity. The metabolic equivalent will be 8 for intense activity,
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4 for moderate activity, and 3.3 for walking. Then, these
values will be multiplied by the duration and frequency of
the physical activity [46].

Plans to promote participant retention and complete
follow-up {18b}

To encourage individuals to take part in the research, we
will provide an explanation of the impact of astaxanthin
supplementation on heart failure. Additionally, partici-
pants will be informed that all testing costs during the
study are covered. In order to ensure that the participants
in the study are taking the capsules, they will be con-
tacted weekly by phone or SMS to remind them to take
the capsules. Additionally, a daily supplement consump-
tion checklist will be provided for participants to track
their consumption, and at the end of the study, supple-
mental cans will be provided.

Data management {19}

Participants will receive a unique code number ranging
from 1 to 80, which will be securely stored in the mas-
ter randomization list. After the intervention period, the
collected data will be entered into SPSS software (SPSS
Inc., Chicago, IL, USA). Some variables will be recoded
after input, based on the defined cut-off point. Interim
analysis will not be conducted on primary and second-
ary outcomes, but will be conducted on diet and physical
activity.

The trial will undergo internal monitoring, with the
study leader overseeing the overall progress. Regular
meetings between the principal investigator and study
leader will be conducted to address concerns and review
progress. Any information regarding serious adverse
events believed to be related to the treatment will be
provided to the study cardiologist. If there is suspi-
cion of harm, a review of discontinuing the trial will be
conducted.

Confidentiality {27}

All information pertaining to the participants will be kept

confidential, and only the general and group findings of

this research will be published without disclosing the

names and specific characteristics of the individuals.
Additionally, individuals will have the option to receive

their own individual test results.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable. The blood samples obtained from indi-
viduals will solely be utilized for assessing the findings of
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this research, and will not be employed for genetic and
molecular analyses.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

This research will present quantitative variables as mean
with standard deviation and qualitative variables as
numbers with percentages. We will report the results of
both the intention-to-treat approach and per protocol
analysis, taking into account any missing data. In order
to assess the normality of data distribution, the Kol-
mogorov—Smirnov test and Q-Q plot will be employed.
Comparison of basic variables of patients (quantitative
and qualitative) will be done using independent ¢-test
and chi-square. The changes within the group will be
analyzed in terms of quantitative variables using paired
t-test for normal variables and Wilcoxon signed rank test
for abnormal variables. For nominal qualitative variables
(such as appetite), McNemar’s test will be used, and for
ranked qualitative variables (such as the severity of short-
ness of breath and intensity of fatigue), the Friedman test
will be used. We will use covariance analysis to compare
the changes in quantitative variables and generalized
estimating equation (GEE) to compare the changes in
qualitative variables between the two groups. The data
analysis will be conducted using SPSS version 22 soft-
ware, with a significance level set at P<0.05.

Interim analyses {21b}

An interim analysis will not be conducted for primary
and secondary outcomes, but will be conducted for diet
and physical activity to ensure that there are no signifi-
cant changes during the intervention period.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Potential analyses will be performed by gender and men-
opausal status.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
We will report the results of both the intention-to-treat
approach and per protocol analysis, taking into account
any missing data.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}

The corresponding author can provide the full protocol
information and the relevant data analyzed during the
development of this study upon reasonable request.
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Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The researchers’ performance and all phases of the
study will be closely monitored by the Ethics Commit-
tee and the Vice Chancellor of Isfahan University of
Medical Sciences. Although this study does not have
an independent steering committee, based on our uni-
versity’s rules, the ethics committee appoints two inde-
pendent supervisors for each ongoing trial and the
duties of these people include oversight of the practical
aspects of the study as well as ensuring that the study
continues to be run in a way which is both safe for the
patients and provides appropriate safety and efficacy
data to the ethics committee and investigators. Any
violation of ethical principles, endangerment of patient
health, or disregard for human values will result in nec-
essary corrections or termination of the study.

The PhD thesis in Nutrition Sciences includes this
study, and the student (S.G.M.) is primarily responsible
for developing the protocol, implementing the study,
identifying and recruiting participants, collecting data,
carrying out the intervention, following up with study
participants, and publishing study reports.

The research team consists of the students, supervi-
sors, and advisors. The project supervisor and advisors
are tasked with reviewing the protocol, ensuring the
project is executed properly from both scientific and
executive perspectives, monitoring the study’s pro-
gress, approving protocol changes if needed, and veri-
fying the accuracy of results for publication. The core
research team will meet at the conclusion of each trial
phase and as necessary. The rest of the team will main-
tain communication throughout the research process
and will meet as required at each stage.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The academic committee of Isfahan University of Medi-
cal Sciences will conduct impartial and continuous
monitoring of the data for scientific validity, safety, and
general integrity of trials.

Adverse event reporting and harms {22}
All adverse events will be documented and reported.

Frequency and plans for auditing trial conduct {23}

The Ethics Committee of Isfahan University of Medi-
cal Sciences will oversee the current study. The study
will undergo at least two unexpected inspections to
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ensure accuracy, correctness, and proper conduct by
the researchers.

Unscheduled evaluations will be conducted to assess
the data quality and trial progress. Auditing involves
reviewing the trial dataset and conducting site visits as
needed. Auditors are separate from the trial investigators.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

The authors will seek agreement on any significant altera-
tions to the project implementation method that could
impact the potential benefit, safety, and physical or men-
tal well-being of the participants. Participants will also be
informed of any modifications, and additional consent
will be obtained. These changes will be communicated to
the Ethical Committee of Isfahan University of Medical
Sciences. All adjustments will be thoroughly documented
on https://irct.ir/.

Dissemination plans {31a}

The findings from this clinical trial will be accessible
to the general public. The act of making information
known to the public can include publishing an article in
a scientific journal, presenting an abstract with a poster
or oral presentation at a scientific meeting, or revealing
the information through other methods. The study par-
ticipants will receive reports of their individual results.
In every instance, the results of the trial are reported
in an objective, accurate, balanced, and comprehen-
sive manner, including a discussion of the strengths and
limitations. Authors are given access to statistical tables,
figures, and reports that are essential for assessing the
intended publication.

Discussion

Astaxanthin, a carotenoid found widely in nature, par-
ticularly in marine products, possesses various proper-
ties including anti-inflammatory, antioxidant, immune
system modulation, blood pressure reduction, and
improvement of lipid profile [18, 47, 48]. Yoshida et al’s
[36] study involved supplementing 61 individuals with
mild hyperlipidemia with doses of 6, 12, and 18 mg of
astaxanthin per day for 12 weeks. The study’s findings
revealed that HDL levels increased with 6 and 12 mg
doses, while triglyceride levels decreased and adiponec-
tin levels increased with 12 and 18 mg doses. Addition-
ally, BMI and LDL levels remained unchanged across
all doses [36]. In a 2011 study by Choi et al., conducted
on 23 subjects with a BMI over 25 for 3 weeks, astax-
anthin treatment decreased MDA and isoprostane and
increased total antioxidant capacity and superoxide dis-
mutase [49]. Another study by the same author, which
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was conducted on 27 people with a BMI above 25 for 12
weeks, showed that treatment with astaxanthin reduced
LDL and Apo B, but no significant changes occurred in
other lipid biomarkers [37]. Therefore, in general, asta-
xanthin supplementation improved the lipid profile and
oxidative stress. In 2018, Shukri et al. conducted a study
where 44 individuals with type 2 diabetes were given a
daily dose of 8 mg of astaxanthin for 8 weeks. The results
indicated a significant decrease in visceral fat, triglyceride
levels, and systolic blood pressure, along with an increase
in adiponectin levels due to the supplementation [50].
Yurakaz et al. conducted a study in 2021 where 53 pre-
diabetic subjects were given a daily dose of 12 mg of asta-
xanthin for 12 weeks. The levels of MDA, LDL, HbAlc,
Apo E, and 2hrBG decreased. Insulin resistance showed
improvement, but there were no changes in the levels of
HDL, TG, and total cholesterol [51].

Indeed, several studies reported that astaxanthin inhib-
its oxidative stress and systemic inflammatory responses.
Since increased oxidative stress and systemic inflamma-
tion are associated with cardiovascular disorders and can
lead to cardiovascular disease, astaxanthin may have pro-
tective effects on the cardiovascular system [18, 47, 48].

Strengths

This study will be the first of its kind to explore the
impact of astaxanthin supplementation on heart failure
patients. It will also be the initial clinical trial to inves-
tigate the effects of astaxanthin on nitric oxide, mcpl,
and heart failure symptoms such as shortness of breath,
fatigue, and decreased appetite. Additionally, the study
includes features designed to contribute to the current
knowledge on the effects of astaxanthin on fasting blood
lipids, blood pressure, anthropometric indices, inflam-
matory markers, and oxidative stress.

Limitations
The study involves individuals who are undergoing medi-
cal treatment for heart failure. This may potentially limit
the generalizability of the results to the whole population.
Nonetheless, a significant portion of adults who are at
risk for cardiovascular disease rely on at least one pre-
scribed medication to manage their cardiovascular risk
factors. Therefore, even though a placebo control will be
utilized in our study, we will only be able to assess the
impact of astaxanthin supplementation, as the medica-
tions are the standard treatment for patients with heart
failure. Another constraint of the research is the absence
of examination of blood markers for astaxanthin. Assess-
ing blood astaxanthin levels undoubtedly offers valuable
insights into astaxanthin consumption and absorption.
There has been a growing global interest in natural and
functional food products. Reliable evidence is necessary
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to support health claims associated with functional
foods, and this can be attained through randomized,
placebo-controlled, interventional trials involving human
subjects. In this regard, it would be interesting to conduct
research aimed at evaluating the effectiveness of astaxan-
thin for use in health promotion and disease prevention
and management. This RCT adds to the growing litera-
ture on the potential antioxidant, antihypertensive, lipid-
lowering, and anti-inflammatory effects of astaxanthin in
humans.

Trial status

The existing protocol is version 1, established on 20
April 2024, and any modifications to the protocol will be
shared with all relevant parties, including participants.
The recruitment process commenced on 15th August
2024 and is expected to continue for a duration of 5
months.
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