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ABSTRACT
Background: The objective of this study was to evaluate the effects of astaxanthin intake on the 
cardiovascular disease-related indicators. Materials and Methods: Fives databases, including 
PUBMED, CNKI, WEIPU, WAN FANG and Clinical Trials were searched up to June 30, 2023. The 
random-effects model was used to calculate the summary risk. A total of 17 studies were 
included in this meta-analysis and a total of 1101 subjects' data were included in the analysis. In 
all included literature studies, a randomly assigned placebo group was established as the control. 
In the literature included, the average intervention dose of ASTX in the experimental group was 
10.14 mg/day, with an average duration of administration of 68 days. Results: The overall study 
did not show a significant association between Astaxanthin (ASTX) and Systolic Blood Pressure 
(SBP) (standardized mean difference, SMD: -0.03, 95% CI: -0.22 to 0.17, p=0.771), Diastolic Blood 
Pressure (DBP) (SMD: -0.16, 95% CI: -0.35 to 0.03, p=0.100), the glucose concentration (SMD: 
-0.12, 95% CI: -0.39 to 0.15, p=0.398) and Body Mass Index (BMI) (SMD: -0.02, 95% CI: -0.22 to 
0.18, p=0.821). However, the results revealed that astaxanthin can significantly reduce total 
cholesterol concentration (SMD: -0.20, 95% CI: -0.37 to -0.04, p=0.000), low-density lipoprotein 
cholesterol concentration (LDL-C) (SMD: -0.25, 95% CI: -0.41 to -0.09, p=0.003) and triglyceride 
concentration (SMD: -0.17, 95% CI: -0.32 to -0.01, p=0.033). Furthermore, astaxanthin could 
increase the concentrations of high-density lipoprotein cholesterol (HDL-C) (SMD: 0.18, 95% CI: 
0.05 to 0.32, p=0.008). Conclusion: The results of this meta-analysis indicate that astaxanthin 
intake can significantly improve hyperlipidemia. Further studies are needed to validate these 
findings and investigate the potential cardiovascular benefits of astaxanthin.
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INTRODUCTION

Astaxanthin (ASTX) is a type of axanthophyll carotenoid known 
as the "miracle of red". There are more than five natural sources of 
ASTX, including yeast, algae, crops, crustaceans and protozoans, 
as well as some types of bacteria.1 ASTX was firstly discovered in 
lobsters in 1938 and was the only pigment used in aquaculture.2 
ASTX manifests high antioxidant3 and anticancer properties,4,5 
reduces oxidative stress and inflammation,6-9 prevents carotid 
artery rethrombosis and ex vivo platelet activation.10 It is also an 

efficient treatment for ischemia-reperfusion injury,11,12 arterial 
hypertension13,14 and dyslipidemia.15 ASTX is considered to be 
the most powerful natural carotenoid antioxidant, exhibiting 65 
time’s greater potency than that of Vitamin C, 54 times greater 
than that of β-carotene, 14 times greater than that of vitamin E 
and about 10 times more powerful than that of zeaxanthin, lutein 
and canthaxanthin.16,17

Cardiovascular diseases are leading causes of mortality world 
wide. The progression of cardiovascular diseases is frequently 
accompanied by alterations in blood lipids, blood pressure, blood 
glucose and other indicators.18-20 ASTX has been demonstrated 
to improve lipid levels,21-24 reduce blood pressure and decrease 
blood glucose concentrations25-28 in these patients. Additionally, 
ASTX has been found to play crucial roles in anti-inflammatory 
and antioxidant activities. ASTX has been shown to increase the 
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expression of Nrf2 regulatory enzymes, which are involved in 
combating oxidative stress by activating the signaling pathways 
of PI3K/Akt and extracellular signal-regulated kinase ERK, 
promoting the dissociation and nuclear translocation of nuclear 
erythroid 2-related factor Nrf2. It also negatively regulates the Sp1/
NR1 signaling pathway, thereby reducing intracellular Reactive 
Oxygen Species (ROS) and oxidative stress production.29-32

Although research on the effects of ASTX on cardiovascular 
disease has been increasing,21-23,25-28 there are still some 
controversies regarding the conclusions. Meta-analysis is a 
statistic method which can systematically evaluate and summarize 
the findings of multiple studies on the same subject,33,34 Therefore, 
a meta-analysis was conducted in the present study to assess the 
efficacy of ASTX in treating cardiovascular disease.Seventeen 
studies were included in this meta-analysis and the analysis 
showed that ASTX was an effective treatment in relieving 
hyperlipidemia.

MATERIALS AND METHODS

Search strategy

Based on the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statements checklist, PUBMED, 
CNKI, WEIPU, WANFANG and Clinical Trials were searched 
from their inception to June 30, 2023. In addition, an online 
search of published literature was conducted through PubMed 
using the Medical Subject Headings (MeSH) term and additional 
grey literature. The search terms and keywords used were as 
follows: (astaxanthin or ASTX or haematococcus pluvialis) and 
(randomized controlled trial or randomized) and (cholesterol 
or total cholesterol) and (triglyceride) and (HDL-cholesterol 
or HDL or High-Density Lipoprotein) and (LDL-cholesterol or 
LDL or Low-Density Lipoprotein) and (cardiovascular system 
or cardiovascular or angiography or heart and blood vessels) 
and (blood glucose or plasma glucose or FBG or hyperglycemia 
or hyperglycaemia or hyperglycemic) and (hyperlipidemia or 
hyperlipidemic or dyslipidemia) and (blood pressure or diastolic 
pressure or diastolic blood pressure or systolic pressure or systolic 
blood pressure) and (Body Mass Index or BMI). There are no 
restrictions on the type of language. This study was limited to 
human studies and the retrieved articles were screened manually.

Study selection

The included articles had to meet the following inclusion criteria: 
(1) Qualify as prospective cohort studies or case-control studies 
based on predetermined criteria; (2) Evaluate the effect of 
ASTX on cardiovascular disease-related indices, including total 
cholesterol, triglycerides, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, diastolic pressure, systolic 
pressure and plasma glucose; (3) ASTX was given in the 
experimental group, while the control group used either placebo 

control or blank control; (4) The limiting factor was a pure ASTX 
preparation with a precise dose or a dose that can be calculated 
based on data available in the literature.

The exclusion criteria were as follows: (1) Repetitive articles or 
articles that only provided titles and abstracts; (2) Systematic 
reviews, meta-analyses and case reports; (3) Letters and 
conference data; (4) Animal or cell experiments; (5) No control 
group.

Data extraction

Information was independently extracted by two investigators, 
with any disagreements adjudicated by a third investigator. The 
following data were reviewed and extracted from each eligible 
study: (1) first author; (2) year of publication; (3) country 
of origin; (4) age of study participants; (5) gender of study 
participants; (6) daily dosage of the ASTX given to the treatment 
groups and control groups; (7) number of participants in each 
group; (8) means and standard deviations of various health 
outcomes including total cholesterol concentration, HDL-C, 
LDL-C, triglyceride concentration, plasma glucose concentration, 
diastolic pressure, systolic pressure and Body Mass Index (BMI); 
and (9) follow-up time for cohort studies.

Quality assessment

The Cochrane Collaboration tool was utilized to assess the quality 
of each study, evaluating various factors that could potentially 
introduce bias. Two authors independently carried out the quality 
evaluation and a third author resolved any discrepancies.

Statistical analysis

The statistical analyses were conducted using the statistical 
software RevMan version 5.4 and StataMP-64 14.0 software. To 
obtain a more conservative estimate, a random-effects model 
was used to calculate the summary risk. The effect of ASTX was 
described using forest plots, which presented the Standardized 
Mean Difference (SMD) and 95% Confidence Interval (CI). 
Additionally, Heterogeneity among the studies was estimated 
using p-statistics and I2 values. The p-statistic and the I2 value are 
statistical measures used to assess the degree of heterogeneity. 
If the p-value is less than 0.05, indicating statistically significant 
heterogeneity, then a sensitivity analysis was conducted to explore 
the potential impact of individual studies on the overall results. 
This involved iteratively excluding each study and re-analyzing 
the remaining studies using forest plots to estimate the effect size. 
To assess the presence of publication bias, funnel plots were used 
to explore the studies included in the analysis. The Begg's test 
and the Egger's test were conducted to further evaluate whether 
publication bias exists. A symmetric funnel plot suggested no 
publication bias, while a p-value (pEgger and pBegg) less than 
0.05 indicated the presence of potential publication bias.35
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RESULTS

Characteristics of eligible studies

Literature search

A total of 7770 publications were initially collected from the 
four databases. Among them, 1281 were reviewed through titles 
and/or abstracts, 1058 articles were excluded because they were 
titles, abstracts, meta-analyses, case reports, systematic reviews, 
or irrelevant articles. The remaining 123 full-text articles were 
screened for eligibility and 49 articles fulfilled the inclusion 
criteria. The 32 studies were excluded from the remaining articles 
for the following reasons: 25 studies combined ASTX with other 
drugs and 7 studies did not have a control group. Finally, 17 
studies were selected for the final meta-analysis. The flow chart 
illustrating the study selection process is shown in Figure 1.

Study Characteristics
The Characteristics of Prospective Cohort Studies Included in 
the Meta-Analysis are shown in Table 1. Fourteen studies were 
conducted in Asia (Korea, n=1; Thailand, n=1; Japan, n=6; 
Iran, n=2; China, n=4), two studies were conducted in Europe 
(Finland, n=1; Italy, n=1) and one study was conducted in 
America (Canada, n=1). The included studies provided other 
information on age range, sex, ASTX dose, placebo dose and 
follow-up period.

Quality assessment
The quality assessment results based on Cochrane standards 
was shown in Figure 2. The quality of the studies included in the 
analysis was varied. 61 information items were deemed to have 
a low risk bias, while 56 items had an unclear bias risk. Only 2 
items were identified to be with high risk bias, but these did not 

Figure 1: Flow diagram of the study selection procedure in this meta-analysis, which show the process of 
screening relevant studies based on the inclusion and exclusion criteria.
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Figure 2: Cochrane criteria as the evaluation criteria for quality assessment.

Figure 3: Forest plots detailing standardized mean difference (SMD) and 95% confidence intervals (95%CI) for the effect of astaxanthin 
on different indicators. The p value < 0.05 indicated the existence of heterogeneity among studies. (A) Total cholesterol concentrations; 

(B) HDL-C concentrations (C) LDL-C concentrations; (D) Triglyceride concentrations.

affect our findings. Thus, the included articles were high-quality 
studies.

Effect of ASTX supplementation
Blood lipid

Sixteen studies on the relationship between ASTX and cholesterol 
concentration were shown in Figure 3. ASTX remarkably 
recovered the plasma concentration of total cholesterol (SMD: 
-0.20, 95% CI: -0.37 to -0.04, p=0.000, Z=3.61), LDL-C (SMD: 
-0.25, 95% CI: -0.41 to -0.09, p=0.003, Z=2.99) and triglyceride 
(SMD: -0.17, 95% CI: -0.32 to -0.01, p=0.033, Z=2.13), while 
also increased HDL-C levels (SMD: 0.18, 95% CI: 0.05 to 0.32, 

p=0.008, Z=2.63). Table 2 showed that the heterogeneity was 
not statistically significant for triglycerides, HDL-C and LDL-C 
(Triglycerides: I2=22.2%, p=0.180; HDL-C: I2=1.6%, p=0.439; 
LDL-C: I2=15.0%, p=0.264) but the heterogeneity was low for 
total cholesterol (I2=41.0%, p=0.02). The sensitivity analysis was 
performed to assess the impact of individual studies on the overall 
results of the comprehensive assessments. According to the 
results presented in Figure 5, substantial heterogeneity was not 
observed in this analysis, as each study was within the confidence 
interval and no publication bias was detected in the four 
analyzed studies. (Total cholesterol: pBegg=0.823, pEgger=0.456; 
HDL-C: pBegg=0.895, pEgger=0.812; LDL-C: pBegg=0.651, 
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First author, year Country Age Sex (Male/Female) Astaxanthin dose 
(mg/day)

Placebo dose 
(mg/day)

Follow-up 
(day)

21Choi HD, 2011 Korea 20-55 23/4 20 20 84
22Iwamoto T, 2000 Japan 20-36 — 1.8 0 14
22Iwamoto T, 2000 Japan 20-36 — 3.6 0 14
22Iwamoto T, 2000 Japan 20-36 — 14.4 0 14
22Iwamoto T, 2000 Japan 20-36 — 21.6 0 14
43Karppi J, 2007 Finland 19-33 — 8 8 90
23Yoshida H, 2011 Japan 20-65 41/20 18 0 84
23Yoshida H, 2011 Japan 20-65 41/20 12 0 84
23Yoshida H, 2011 Japan 20-65 41/20 6 0 84
26Chen JT, 2016 Japan 46-56 0/29 12 12 90
25Mashhadi NS, 2018 Iran 30-60 17/27 — — 56
44Yang G, 2015 China 17-23 16/0 9 9 28
45Chen DF, 2015 China 38-54 60/47 3.72 0 45
38Peng L, 2011 China 45-65 53/62 40 0 90
28Michiyuki S, 2012 Japan 26-50 5/15 12 12 28
27Kiyotaka N, 2011 Japan 50-63 10/10 6 6 84
27Kiyotaka N, 2011 Japan 51-62 10/10 12 12 84
39Zhu XB, 2020 China 37-64 57/63 9 9 90
46Macdermid JC, 2012 Canada 29-74 18/45 4 4 42

Table 1: Characteristics of Included Studies.

Figure 4:  Forest plots detailing standardized mean difference (SMD) and 95% confidence intervals (95% CI) for the effect of astaxanthin on different 
indicators. The p value < 0.05 indicated the existence of heterogeneity among studies. (A) Plasma Glucose, (B) Systolic blood pressure; (C) Diastolic blood 

pressure; (D) BMI.
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pEgger=0.185; Triglyceride: pBegg=0.581, pEgger=0.632). The 
funnel plots are shown in Figure 6.

Plasma glucose

The included seven studies were focused on the effect of ASTX 
on plasma glucose concentrations, as shown in Figure 4. The 
findings revealed that ASTX did not affect the plasma glucose 
levels (SMD: -0.12, 95% CI: -0.39 to 0.15, p=0.398). However, 
there was a notable degree of heterogeneity in the Plasma glucose 
results (I2=61.6%, p=0.005), as outlined in Table 2. The sensitivity 
analysis in Figure 5 showed no substantial heterogeneity among 
the included studies, with each study's effect size estimate falling 
within the confidence interval. These results demonstrated 
evidence of no publication bias (pBegg=1.000, pEgger=0.225). 
The funnel plots were shown in Figure 6.

Blood pressure

Seven studies investigated the role of ASTX in controlling blood 
pressure was presented in Figure 4. The results showed that ASTX 
has no effect on reducing the DBP (SMD: -0.16, 95% CI: -0.35 to 
0.03, p=0.10, Z=1.64) and the SBP (SMD: -0.03, 95% CI: -0.22 
to 0.17, p=0.771, Z=0.29). The heterogeneity was not significant 
in this study (DBP: I2=9.1%, p=0.359; SBP: I2=10.5%, p=0.346), 
as shown in Table 2. Also, no significant publication bias was 
observed in this analysis (DBP: pBegg=0.858, pEgger=0.512; 
SBP: pBegg=0.721, pEgger=0.378), as evidenced by the funnel 
plots presented in Figure 6.

Body mass index

The effect of ASTX on BMI was evaluated in five studies. As 
illustrated in Figure 4, ASTX had no statistically significant effect 
on BMI (SMD: -0.02, 95% CI: -0.22 to 0.18, p=0.821). The analysis 
also revealed no significant heterogeneity (I2=0%, p=0.999) and 
no publication bias on BMI (pBegg=0.721, pEgger=0.534). The 
funnel plots were displayed in Figure 6.

DISCUSSION

This meta-analysis included a total of 17 studies to assess the impact 
of ASTX supplementation on the cardiovascular disease-related 
indicators. The results showed that the intake of ASTX significantly 
reduced the concentrations of total cholesterol, LDL-C and 
triglycerides, while significantly increased the concentrations 

of HDL-C. These findings were consistent with the results of 
previous animal and human studies. For instance, Kishimoto Y 
et al. found that ASTX supplementation significantly reduced 
triglyceride levels (12 and 18 mg/day of ASTX) and increased 
HDL-cholesterol (6-and 12-mg doses) in a dose-dependent 
manner.34 In a systematic review and meta-analysis of animal 
studies conducted by Radice RP et al, ASTX intake in animal 
models of NAFLD significantly improved blood concentrations 
of disease biomarkers (including cholesterol, triglycerides, ALT 
and AST, p<0.05). These results suggested that ASTX exhibited a 
beneficial effect on NAFLD animal models. The effects of ASTX 
on lipids showed consistent results in both animal models and 
humans.3,35,36 Therefore, our study supports the notion that ASTX 
has a significant effect on hyperlipidemia.

However, our meta-analysis did not find any significant association 
between ASTX intake and blood glucose concentration, blood 
pressure, or BMI. Our search only identified a limited number of 
research trials on the effect of ASTX on BMI. Due to the relatively 
small sample size of the studies included, it was uncertain whether 
ASTX has an effect on BMI. Notably, our analysis showed ASTX 
has no direct effect on blood glucose concentrations. However, 
only one of the included studies supported this conclusion (the 
study by Peng L et al.), while the remaining studies did not 
directly investigate this relationship. After removing this study 
and re-analyzing the included studies, we reached a different 
conclusion: ASTX may reduce blood sugar levels. Nonetheless, 
further studies are required to confirm this finding.

There are two categories of ASTX, natural and synthetic 
forms. Currently, the majority of ASTX available in the 
market is chemically synthesized, which lower absorbability 
and antioxidant capacity has compared to the natural form.37 
However, the extraction method, purity and other factors of 
ASTX used in different experiments may also affect the final 
results. For example, in the study by Peng L et al., the ASTX used 
were extracted from Rhodiaceae with a purity of 95%, provided 
by a biologics company.38 The low purity may be one of the 
influencing factors in the study results. Therefore, it is essential 
to consider the source and quality of ASTX when interpreting the 
results of different studies.

Studies at the molecular and cellular levels have also demonstrated 
that ASTX exhibited a protective effect on blood lipids in the 

First author, year Country Age Sex (Male/Female) Astaxanthin dose 
(mg/day)

Placebo dose 
(mg/day)

Follow-up 
(day)

46Macdermid JC, 2012 Canada 29-74 18/45 4 4 84
47Roustaei N, 2022 Iran 20-60 22/25 10 0 84
48Urakaze M, 2021 Japan 20-74 15/29 12 0 84
49Villano I, 2022 Italy 25-67 36/44 0.1 0 84
49Villano I, 2022 Italy 25-67 36/44 0.1 0 168
50Sratongfaeng C, 2020 Thailand 21-54 — 4 0 84
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Point estimate (95% CI) I2 P Begg Egger
Total cholesterol -0.20 (-0.37, -0.04) 41.0% 0.020 0.823 0.456
HDL-C 0.18 (0.05, 0.32) 1.6% 0.439 0.895 0.812
LDL-C -0.25 (-0.41, -0.09) 15.0% 0.264 0.651 0.185
Triglyceride -0.17 (-0.32, -0.01) 22.2% 0.180 0.581 0.632
Glucose -0.12 (-0.39, 0.15) 61.6% 0.005 1.000 0.225
SBP -0.03 (-0.22, 0.17) 10.5% 0.346 0.721 0.378
DBP -0.16(-0.35, 0.03) 9.1% 0.359 0.858 0.512
BMI -0.02 (-0.22, 0.18) 0% 0.999 0.721 0.534

Table 2:  The basis for Basis for heterogeneity and publication bias.

Figure 5: Sensitivity analysis was conducted using the one-study remove (leave-one-out) approach to 
evaluate the influence of each study on the overall effect size. (A) Total cholesterol; (B) Plasma glucose.
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context of cardiovascular health. Firstly, ASTX possesses both 
polar and nonpolar groups that enable it to adopt a transmembrane 
alignment in biofilms, thereby shielding cell membranes from 
oxidative damage caused by Reactive Oxygen and Nitrogen 
Species (RONS), due to its unique chemical structure. Secondly, 
the conjugated bonds in the central non-polar region of ASTX 
allow it to transport free radicals along its own carbon chain, 
facilitating their removal from the cell interior and subsequent 
neutralization by extracellular antioxidants. Thirdly, ASTX has 
been shown to neutralize peroxynitrite, inhibit lipid peroxidation 
and LDL oxidation, reduces the production of superoxide anion 
radicals released by NADPH oxidase and increase Nitric Oxide 
(NO). Fourthly, Free radicals are highly reactive and can trigger 
lipid peroxidation, ultimately impairing normal physiological 
activities.31,32 ASTX plays a crucial role in antioxidant defense by 
quenching singlet oxygen and scavenging radicals to terminate 
chain reactions.32 Thus, ASTX appears to delay the progression 
of cardiovascular disease.31 The results of this meta-analysis 
confirmed that ASTX has a protective effect on the cardiovascular 
system. Moreover, the absence of significant adverse effects 
reported in animals or humans following ASTX consumption, 
even at a high dose of 45 mg/d.38-42 supports the safety of ASTX 
for future clinical studies.

This meta-analysis has several limitations that should be taken 
into consideration. Firstly, the included studies and sample size 
were relatively small, consisting of only 17 articles with 847 
cases; Consequently, the limited sample size of clinical studies 
may increase the risk of false positive or false negative results. 
Secondly, confounding factors such as age, gender, environmental 
factors, lifestyle and medication doses should be considered 

and adjusted for future studies. Specifically, further analysis is 
required to verify whether a dose-dependent relationship exists 
in the protective effects of ASTX on cardiovascular disease. Thus, 
a larger sample size and further adjustments for confounding 
factors are necessary to provide more accurate and robust 
conclusions. Thirdly, it should be noted that the quality, purity 
and extraction method of ASTX used in different experiments 
may affect the results. Fourthly, additional in vitro and animal 
experiments are necessary to validate the effects of ASTX on 
cardiovascular disease.

In summary, this meta-analysis suggests that ASTX 
supplementation may have a positive effect on hyperlipidemia. 
However, further studies are required to examine the effects of 
ASTX on other cardiovascular risk factors, such as blood glucose 
concentration, blood pressure and BMI. To advance the research 
on the cardiovascular effects of ASTX, ongoing collection of 
literature and updating of data is necessary to stay abreast of the 
latest scientific findings.

CONCLUSION

ASTX supplementation may have a positive effect on 
hyperlipidemia by significantly reducing total cholesterol, 
LDL cholesterol and triglyceride levels, while increasing 
HDL cholesterol concentrations. However, no significant 
associations were found between ASTX intake and SBP, DBP, 
glucose concentrations or BMI. These findings highlight the 
potential benefit of ASTX in managing Cardiovascular Health.  
Nonetheless, due to the limitations of this study, further data from 
large-scale clinical trials are necessary and well-designed trials 

Figure 6:  Funnel plots detailing publication bias about different indicators in the studies selected for analysis. Circles represent observed published 
studies. (A) Total cholesterol concentrations; (B) HDL-C concentrations (C) LDL-C concentrations; (D) Triglyceride concentrations; (E) Glucose, (F) Systolic 

blood pressure; (G) Diastolic blood pressure; (H) BMI.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3, Jul-Sep, 2025 873

Liu, et al.: Astaxanthin Supplement and Cardiovascular Health: Review and Meta-Analysis

are needed to fully understand its effectiveness and potential side 
effects.
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ABBREVIATIONS

ASTX: Astaxanthin; SBP: Systolic Blood Pressure; DBP: Diastolic 
Blood Pressure; BMI: Body Mass Index; LDL-C: low-density 
lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol; ROS: Reactive Oxygen Species; PRISMA: Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis; 
RONS: Reactive Oxygen and Nitrogen Species; NO: Nitric Oxide.

SUMMARY

This study aimed to assess the effects of astaxanthin intake on 
cardiovascular - disease - related indicators. The meta-analysis 
included 17 studies with data from 1,101 subjects, using 
randomized placebo-controlled trials. In conclusion, this meta - 
analysis suggests that astaxanthin intake can significantly improve 
hyperlipidemia, though further research is required to confirm 
these results and explore astaxanthin's potential cardiovascular 
benefits.
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