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Abstract: According to previous studies, astaxanthin exerts various biological effects due to its anti-inflammatory and antioxidant
capabilities; however, its effects on liver enzymes have not yet been well elucidated. Therefore, we conducted a meta-analysis to assess
astaxanthin’s effects on liver enzymes. A systematic literature search was conducted using scientific databases including PubMed, Scopus,
Web of Science, the Cochrane databases, and Google Scholar up to February 2023 to find relevant randomized controlled trials (RCTs)
examining the effects of astaxanthin supplementation on alanine transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl
transferase (GGT), and alkaline phosphatase (ALP). A random-effects model was used for the estimation of the pooled weighted mean
difference (WMD). Overall, we included five trials involving 196 subjects. The duration of the intervention was between 4 and 48 weeks, and the
dose was between 6 and 12 mg/day. ALT levels increased in the intervention group compared to the control group following astaxanthin
supplementation (WMD: 1.92 U/L, 95% Cl: 0.16 to 3.68, P=0.03), whereas supplementation with astaxanthin had a non-significant effect on
AST (WMD: 0.72 U/L, 95% Cl: -0.85 to 2.29, P=0.36), GGT (WMD: 0.48 U/L, 95% Cl: -=2.71 to 3.67, P=0.76), and ALP levels (WMD: 2.85 U/L, 95%
Cl: =7.94 to 13.63, P=0.60) compared to the placebo group. Our data showed that astaxanthin supplementation increases ALT concentrations
in adults without affecting the levels of other liver enzymes. Further long-term and well-designed RCTs are necessary to assess and confirm
these findings.
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Introduction related to B-carotene, lutein, and zeaxanthin [4]. Astaxan-

thin, a naturally occurring C40 carotenoid, is linked to var-

Astaxanthin belongs to a group of carotenoids that are oxi-  ious biological functions primarily related to its antioxidant
dized [1, 2, 3]. It is a natural compound found in various  and anti-inflammatory properties. Astaxanthin is different
sources such as algae, fish and birds [1]. Itisared, lipophilic =~ from other antioxidants because it has the highest oxygen
pigment that is part of the xanthophyll family and closely ~ radical absorbance capacity (ORAC), which is 100-500
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times higher than that of a-tocopherol. It also has 10 times
more free radical inhibitory activity than related antioxi-
dants like a-tocopherol, a-carotene, B-carotene, lutein,
and lycopene [5]. Astaxanthin can lower the levels of harm-
ful oxygen molecules, swelling, scarring, and cell death [6,
7, 8]. Moreover, astaxanthin possesses the capability to
exert an influence on cellular signaling cascades. In partic-
ular, it keeps the redox-sensitive transcription factors
nuclear factor erythroid 2-related factor 2 (Nrf2) and
nuclear factor kappa B (NF-«kB) under control. Nrf2 and
NF-kB are both involved in oxidative stress and inflamma-
tion, respectively [9, 10]. It also regulates the immune sys-
tem and metabolic processes [11, 12, 13]. It has beneficial
impacts on different types of liver damage, such as scarring,
fat accumulation, cancer, and drug toxicity [13, 14]. Liver
disease causes millions of deaths and disabilities worldwide
every year. Approximately 2 million people die from liver
disease annually; half of them die because of cirrhosis and
half of them due to hepatitis and hepatocellular carcinoma
[15,16]. Cirrhosis is the 11" and liver cancer is the 16" most
common cause of death in the world [16]. Depending on the
type of liver disease, it has different impacts on liver
enzymes [13, 17, 18]. Liver enzymes are proteins that cat-
alyze chemical reactions in the liver [19]. Common liver
enzymes include aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), and
gamma-glutamyl transferase (GGT) [20, 21, 22]. Rising
liver enzymes indicate a hepatocellular damage, resulting
in the release of the cellular enzymes into the bloodsteam
[23, 24]. Therefore, it is extremely important to detect,
monitor, and manage it as soon as possible. Given the
scarcity of research and data on the effects of astaxan-
thin supplementation on liver enzymes, we aimed to do
this meta-analysis on available data to elucidate these
effects.

Methods

The current research was conducted based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement. The present study was regis-
tered at PROSPERO (CRD42023428043).

Search strategy

A systematic literature search was conducted using scien-
tific databases including PubMed, Scopus, Web of Science,
the Cochrane databases, and Google Scholar from incep-
tion up to February 2023 to find relevant randomized con-
trolled trials (RCTs) examining the effects of astaxanthin
supplementation on liver enzyme levels. The PICOS
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(Participant, Intervention, Comparison/Control, Outcome,
study design) search framework was used to construct
search terms and strategies [25]: participant (adults >18
years old), intervention (astaxanthin), comparator (pla-
cebo), outcome (AST, ALT, GGT, and ALP), and study
design (parallel and cross-over clinical trial). The following
Medical Subject Heading (MeSH) and non-MESH terms
were applied for the literature search: (astaxanthin OR
astaxanthine OR E-astaxanthin) AND (“liver enzymes”
OR “liver enzyme” OR “Liver function” OR ALT OR “ala-
nine aminotransferase” OR “alanine transaminase” OR
“serum glutamic-pyruvic transaminase” OR SGPT OR
AST OR “aspartate transaminase” OR “aspartate amino-
transferases” OR SGOT OR “Alkaline phosphatase” OR
ALP OR GGT OR gamma-Glutamyltransferase) AND (in-
tervention OR RCT OR randomized OR randomly OR pla-
cebo OR random OR assignment OR trials OR trial). The
included articles’ reference lists were manually checked
for new publications. There was no time or linguistic
restriction.

Study selection

We included studies that met the following criteria: (1) RCTs
(parallel or crossover), (2) investigated the effects of astaxan-
thin supplementation on AST, ALT, GGT, and ALP, (3) used
the oral intake of astaxanthin, (4) carried out in adult individ-
uals (>18 years old), (5) published liver enzyme means and
standard deviations for the intervention and control groups,
or offered any additional effect sizes that allowed for the
derivation of those estimations. Studies with additional eligible
arms were considered separate studies. Cross-sectional,
cohort, case-control, in vitro, animal studies, review articles,
conference abstracts, and RCTs without a control group were
excluded. Studies that were performed on children or adoles-
cents, or those in which astaxanthin was prescribed in combi-
nation with other treatments, were also excluded. The titles
and abstracts were evaluated by two impartial reviewers
(MRA and HA) in accordance with the requirements for eligi-
bility. Any disagreements were resolved through discussion.

Data extraction

Two separate researchers (MRA and HA) extracted data
using a standardized data collection form. The following
data were extracted from each eligible RCT: name of the
first author, publication year, study location, design, sub-
jects’ characteristics (mean age, body mass index (BMI),
and sex), the health status of participants, sample size, the
dosage of astaxanthin, duration of intervention, compara-
tor group, and mean changes and their standard deviation
(SDs) of liver enzymes for the intervention and control
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Table 1. Risk of bias for randomized controlled trials, assessed according to the Revised Cochrane risk-of-bias tool for randomized trials (RoB 1)

Random Blinding Blinding Incomplete Other
sequence Allocation Selective (participants (outcome outcome source of

Publications generation concealment reporting and personnel) assessment) data bias

1. Chen (2017) L U L L U L L

2. Coombes (2016) L L L L U L L

3. Nakagawa (a) (2011) L U L L U L H

4. Saito (2012) L U L L U L H

5. Sekikawa (2023) L L L L U L L

groups. If needed, we contacted the associated author to
obtain any missing information.

Quality assessment

The risk of bias for each included study was determined
using the Cochrane quality assessment tool [26]. The tool
consists of seven domains, including inadequate outcome
data, other sources of bias, participants, and staff members’
blinding, allocation concealment, reporting bias, and ran-
domized sequence creation. Methodological defects affect-
ing the findings of the research resulted in a “high risk”
score for each domain, while a “low risk” score was given
to each defect-free domain (Table 1). If the information
was not sufficient to determine the impact, an “unclear
risk” was considered for the domain. The total risk of bias
estimation is as follows: Low; if all domains had “low risk”,
(2) Moderate; if one or more domains had “unclear risk”,
and (3) High; if one or more domains had “high risk” [27].
Two impartial reviewers (MRA and HA) independently
assessed the possibility of bias.

Statistical analysis

To estimate the mean difference in changes as the effect
size, mean differences + SDs of ALT, AST, GGT, and ALP
inthe intervention and control groups were applied. The fol-
lowing formula was used to convert the standard error of the
mean (SEM) to SD when the study reported SEM in place of
SD: SD=SEM x+/n, where “n” is the number of individuals
in each group. If the study presented medians and an
interquartile range, mean and SD values were calculated
using SD=interquartile range/1.35 (symmetrical data distri-
bution) [28]. When mean and SD were not presented by
studies, we estimated them using the following formula
[29] in which the correlation coefficient (R) was consid-
ered 0.8: SDgifrerence=Square ROt [(SDpre-treatment) +
(SDpost—treatment)z_ (2xRXSDpre-treatment X SDpost-treatment) |

A random-effects model (developed by Der Simonian and
Laird) was used for the estimation of pooled weighted mean
difference (WMD) and 95% confidence interval (CI) since it
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can take into account both within and between-study
heterogeneity [30]. I” statistic and Cochrane’s Q test were
used to determine the heterogeneity among studies. The
I* values >50% or P<0.05 were regarded as significant
between-study heterogeneity [31, 32]. By deleting each
study separately and recalculating the pooled analysis, sen-
sitivity analysis was carried out to assess the impact of each
study on the overall effect size. Egger’s regression test and
Begg’s rank correlation test were all used to look into the
possibility of publication bias [33]. STATA, version 14 (Stata
Corp, College Station was used to perform statistical analy-
sis. P-values less than 0.05 were considered statistically
significant.

Results

Study selection

In the first stage of the systematic search, 1617 and 2 papers
were identified from online databases and hand searching,
respectively. After removing duplicated studies, 918
remaining ones were screened based on title and abstract
evaluation, which resulted in the exclusion of 905 records
due to animal research (n=150), review design (n=220),
and no relevant or original data (n=535). Therefore, 13
potentially relevant articles were included in the full-text
review. Out of the 13 studies, six were excluded because
they were irrelevant. Two RCTs that were conducted on
subjects younger than 18 years were also excluded [34,
35]. Finally, five eligible articles [36, 37, 38, 39, 40] were
included in the current systematic review and meta-
analysis. The flow chart provided in Figure 1 indicates the
selection process.

Study characteristics

The range of publication years for the included studies was
between 2011 and 2023. The characteristics of these articles
are reported in Table 2. The studies consisted of 196 sub-
jects in both intervention and control groups. All of the
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Records identified through
database searching
(n=1617)

Additional articles identified
through other sources
(n=2)

] [ Identification ]

Screening

Eligibility

Included

—

Duplicate records
> excluded:
(n=701)

(n=918)

Records screened by title/abstracts:

Records excluded (n=905):

v

\4

e No relevant or original data (n=535)
e Animal studies (n=150)
e Review studies (n=220)

Full text articles

(m=13)

assessed for eligibility

v

Full text articles excluded (n=8):

e irrelevant (n=06)
e Less than 18 years old (n=2)

Studies included in

(n=5)

qualitative synthesis

Studies included in
quantitative synthesis
(meta-analysis) (n=5)

Figure 1. Flow chart of the number of studies identified and selected into the meta-analysis.

studies were double-blinded RCTs with a parallel design.  years. One study was from Australia [38], while others were
Except for one study [39] conducted on females, other stud- ~ done on the Japanese population. Four studies reported the
ies [36, 37,38, 40] were carried out on both sexes. The par- ~ BMI of the participants, which was between 21.6 and 27.6.
ticipants of all studies were adult individuals aged >18 The duration of the intervention varied from 4 to 48 weeks
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Figure 3. Forest plot detailing weighted mean difference and 95%
confidence intervals (Cls) for the effect of astaxanthin on aspartate
transaminase.
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Figure 4. Forest plot detailing weighted mean difference and 95%
confidence intervals (Cls) for the effect of astaxanthin on gamma-
glutamyl transferase.

6 arms of RCTs [36, 37, 38, 39, 40] when compared to the
placebo group (Figure 3). Non-significant heterogeneity
was seen between studies (1°=15.2%, P=0.31). Sensitivity
analysis showed that the overall effect of supplementation
on AST concentrations was not dependent on any single
study (Supplementary Figure 2 in ESM 1). Moreover,
Egger’s regression test rejected the presence of publication
bias (P=0.81).

The effect of astaxanthin on GGT

The influence of astaxanthin supplementation on GGT was
evaluated in 6 arms of 5 RCTs [36, 37, 38, 39, 40]. The
pooled mean difference showed a non-significant effect
on GGT in comparison to the control group (WMD: 0.48,
95% CI: -2.71 to 3.67 U/L, P=0.76) (Figure 4). Between-
study heterogeneity was also non-significant (I>=09%,
P=0.78). Sensitivity analysis indicated that after removing
any single study from the meta-analysis, overall estimates
were not changed (Supplementary Figure 3 in ESM 1). Also,
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Figure 5. Forest plot detailing weighted mean difference and 95%
confidence intervals (Cls) for the effect of astaxanthin on alkaline
phosphatase.

no evidence of publication bias was seen based on the
results of Egger’s regression test (P=0.46).

The effect of astaxanthin on ALP

In total, 5 effect sizes from 4 studies [36, 37, 38, 40] were
included in the meta-analysis. The analysis’s findings
showed that, when compared to the control group, astaxan-
thin supplementation had no discernible impact on ALP
levels (WMD: 2.85, 95% CI: -7.94 to 13.63 U/L, P=0.60)
(Figure 5). Heterogeneity between studies was non-signifi-
cant in this regard (I’=0%, P=0.96). Analysis of the esti-
mates’ sensitivity revealed that no study had a substantial
impact on them (Supplementary Figure 4 in ESM 1). No sub-
stantial publication bias was also detected according to
Egger’s regression test (P=0.40).

Discussion

The impact of astaxanthin consumption on adults’ liver
enzyme levels was examined in the current systematic
review and meta-analysis. This is the first systematic review
and meta-analysis that we are aware of that evaluated the
impact of astaxanthin on the levels of hepatic enzymes. This
systematic review and meta-analysis of 196 individuals
includes five trials with six arms. The results showed that
the overall effect of astaxanthin on rising serum ALT was
significant. However, no significant effect was observed
onother liver enzymes such as AST, ALP, and GGT by using
an astaxanthin supplement in adults.

Astaxanthin (3, 3'-dihydroxy-B, B’-carotene-4, 4'-dione,
ASX) is a natural compound and a type of antioxidant,
non-vitamin A pro-carotenoid, which is usually found in
seafood and marine organisms [13]. Fatty acid esters are
the most common type of astaxanthin found in nature

Int J Vitam Nutr Res (2024), 94 (5-6), 434-442
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[13]. Studies have shown that this compound has various
important effects, such as anti-inflammatory, antioxidant,
neutralizing free radicals, and controlling the different sig-
naling pathways [13, 41]. Therefore, it can play a role in the
prevention and treatment of various liver diseases, includ-
ing liver injury, liver fibrosis, and liver cancer [14, 42, 43,
44]. However, the results of existing studies have been con-
tradictory, and some studies reported positive effects [40]
and some negative effects on the levels of liver enzymes
[14, 39] due to the consumption of astaxanthin supple-
ments, while others did not observe any significant effect
[36, 38]. For this reason, we conducted the present system-
atic review and meta-analysis study.

In this systematic review and meta-analysis, no signifi-
cant effect was observed with astaxanthin consumption
on the liver enzymes of AST, ALP, and GGT in adults. Sim-
ilar to our results, Nakagawa et al. showed that the con-
sumption of 6 or 12 mg/day of astaxanthin for 3 months in
thirty middle-aged individuals did not have any significant
impact on liver enzyme levels (ALT, AST, ALP, and GGT)
[36]. In line with the results of this study, the results of
Coombes et al.’s study showed that astaxanthin has no
effect on ALT, AST, ALP, and GGT in renal transplant
recipients [38]. Sixty-one participants participated in this
randomized controlled experiment and were given astaxan-
thin or placebo orally for 12 months. According to the
study’s findings, compared to the control group, daily sup-
plementation with 12 mg of astaxanthin for a year had no
discernible impact on the hepatic enzymes or other end
measures such as oxidative stress and inflammation [38].

The presence of astaxanthin’s antioxidant effects has
been demonstrated in some animal and human studies to
improve immune response, liver function, and the preven-
tion and management of liver diseases [13, 42, 45], though
other studies have not supported this claim [38, 39]. The
absence of a positive antioxidant effect has often been
observed in randomized controlled trials in humans [46,
47], and more effective results have been observed in ani-
mal studies [48]. The antioxidant systems of humans and
animals have many differences, so there is always doubt
about generalizing the results of animal studies to humans
[49, 50].

In contrast to our results, Sekikawa et al. showed that the
consumption of 9 mg/day from a diet containing astaxan-
thin for 6 weeks in healthy individuals caused a significant
increase in ALP. Although the levels of this enzyme
remained within the normal range after the intervention,
this increase was not outside the normal range. Moreover,
there was no significant effect on other liver enzyme levels
such as ALT, AST, and GGT [40]. Contrary to the results of
this study, in a double-blind randomized controlled clinical
trial by Chen et al. there was a significant negative associa-
tion between astaxanthin intake and ALT and AST levels.

Int J Vitam Nutr Res (2024), 94 (5-6), 434~442

This study was done on 14 healthy climacteric women
who received 12 mg/day of astaxanthin [39]. A reducing
trend was observed in the levels of these two enzymes, while
both of them were still within the normal range. However,
there was no significant change in the levels of GGT [39].
The levels of oxidative stress markers in the blood and
urine, however, did not change much; therefore, the decline
in ALT and AST levels cannot be attributed to a reduction in
oxidative stress [39]. Additionally, as oxidative stress plays
a role in the proper control of liver function, this reduction
cannot be linked to an improvement in liver function
[51, 52]. In another randomized, double-blind, placebo-
controlled trial by Saito and colleagues, a rising trend was
observed in ALT and AST with astaxanthin supplementa-
tion compared to the placebo group. In this study, 20
healthy volunteers who consumed 12 mg/day of astaxan-
thin for a month were evaluated. The findings of this study
showed that daily supplementation with 12 mg of astaxan-
thin for 4 weeks resulted in a non-significant tendency to
raise AST and ALT levels as well as a non-significant trend
to reduce GGT and ALP levels in the astaxanthin-treated
group [37].

Due to variations in the dose of the intervention
employed, the varied duration of the intervention, or the
varied populations studied, there are often no consistent
results in different research studies about the influence of
astaxanthin supplementation on various liver enzyme
levels. In general, the results of this study showed that sup-
plementation with astaxanthin has no effect on albumin,
AST, ALP, and GGT, whereas it causes an increase in the
levels of ALT. It is noteworthy that only five studies were
included in this meta-analysis, and the total sample size
was 196 people. Also, four out of five studies were done
on healthy people who were not sick and did not have any
diseases. Therefore, it is possible that all these issues have
an effect on the results obtained in the present systematic
review and meta-analysis.

There are several strengths and weaknesses of the pre-
sent systematic review and meta-analysis study, which are
mentioned below. In the present study, there was no limit
for the articles included in terms of time or language. All
of the included studies were double-blind randomized con-
trol trials. This issue reduces the possibility of bias in the
present study results. To our knowledge, this is the first sys-
tematic review and meta-analysis to examine how astaxan-
thin ingestion affects adult liver enzymes. Finally, the
effects of astaxanthin on ALT, AST, ALP, and GGT were
evaluated using a standardized technique. This research
has several restrictions. The sample size and number of
included studies were limited. The included studies were
only from Japan and Australia, so the results cannot be gen-
eralized to other populations from other countries. So that
more research is necessary in different ethnic populations.
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Lastly, in different studies, different methods have been
used to evaluate the levels of liver enzymes, which can
cause errors and differences in the results obtained.

Conclusion

Astaxanthin supplementation has an increasing influence
on ALT concentrations in adults without changing the levels
of other liver enzymes, according to a comprehensive
review and meta-analysis of five trials. Further long-term
and well-designed RCTs are needed to further assess and
confirm these results.

Electronic supplementary material

The following electronic supplementary material is avail-
able with this article at https://doi.org/10.1024/0300-
9831/a000804

ESM 1. Supplementary figures 1-4 (PDF).
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