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ARTICLE INFO ABSTRACT

Keywords: Aims: The aim of this systematic review was to assess the effects of Spirulina supplementation on metabolic
Spirulina syndrome components, its liver manifestation and related inflammatory markers.
Arthrospira Methods: We searched PubMed and Scopus (up to August 2017) to identify relevant studies. English randomized

Metabolic syndrome controlled trials (RCTs) investigating the effects of Spirulina supplementation on factors associated with meta-

bolic syndrome in human models, were included in the review.

Results: Among 720 articles related to Spirulina in the primary search, 22 of them were eligible human RCTs and
finally 18 of them were included in the review. The systematic review revealed that oral dosage range of 1-19gr/
day for 0.5-6 months of Spirulina supplementation have positive effects on metabolic syndrome components.
Conclusion: Spirulina can be possibly administered as a safe and efficient supplementation in the case of me-
tabolic syndrome components, although determining the optimal dosage and period of supplementation still
needs further investigations.

1. Introduction

Metabolic syndrome (MetS) is defined as a cluster of interconnected
physiological, biochemical, clinical and metabolic abnormalities in-
cluding; atherogenic dyslipidemia, hypertension, glucose intolerance,
abdominal obesity proinflammatory state, and a prothrombotic state.’*>
MetS is also a worldwide issue of public health as the reports of in-
cidence rate is growing over time, and its worldwide prevalence has
been estimated between 10-84%, depending on the region, urban or
rural environment, composition (sex, age, race, and ethnicity) of the
population, and the definition of the syndrome used.” The prevalence of
risk factors of MetS, namely obesity, has also experienced an upward
trend among children as well as adults.>* Nowadays nutraceuticals are
highly regarded as alternative therapies in order to prevent such health
problems” and in the same way microalgae Spirulina is also discussed as
an alternative treatment.®”

Spirulina (Arthrospira) is a spiral blue-green microalgae and a
member of cyanobacterium subgroup.®'! Spirulina Platensis (SP),
Spirulina Maxima (SM) and Spirulina Fusiformis (SF) are the main
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edible species.'? Spirulina is rich in protein with high quality and al-
most all essential amino acids.>'® In addition, it is a rich source of
minerals, vitamins and antioxidants including phycocyanins, car-
otenoids, tocopherols and phenolic compounds.®>'® Spirulina also
contains 4-7% lipid that is mostly composed of essential poly un-
saturated fatty acids like Y’-linolenic acid, a-linoleic acid, Eicosa-
pentaenoic acid (EPA), Docosahexaenoic acid (DHA). '*'* Thanks to its
nutrient content Spirulina has been represented as a nutraceutical
food,'” as it has been proposed as an effective supplementation im-
proving antioxidant status and protecting cancer incidence.'®'® Al-
though Spirulina is found to be effective in improving some components
of MetS in animal studies,?* %> the scientific literature according to
human survey is relatively heterogeneous. The current systematic re-
view aims at summarizing published data on the beneficial effects of
spirulina supplementation in relation to MetS.

2. Methods

We have done this review to adhere to the Preferred Reporting Items

E-mail addresses: r.yousefi@sbmu.ac.ir (R. Yousefi), a.saidpour@sbmu.ac.ir (A. Saidpour), Mottaghi.a@iums.ac.ir (A. Mottaghi).

https://doi.org/10.1016/j.ctim.2018.11.013

Received 2 September 2018; Received in revised form 6 October 2018; Accepted 9 November 2018

Available online 12 November 2018
0965-2299/ © 2018 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/09652299
https://www.elsevier.com/locate/ctim
https://doi.org/10.1016/j.ctim.2018.11.013
https://doi.org/10.1016/j.ctim.2018.11.013
mailto:r.yousefi@sbmu.ac.ir
mailto:a.saidpour@sbmu.ac.ir
mailto:Mottaghi.a@iums.ac.ir
https://doi.org/10.1016/j.ctim.2018.11.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctim.2018.11.013&domain=pdf

R. Yousefi et al.
for Systematic Review and Meta-Analyses (PRISMA) guidelines.*?

2.1. Search strategy and study selection

Two search engines (Pubmed and Scopus) were investigated up to
August 2017, in order to find relevant articles surveying the impact of
spirulina supplementation on MetS components. The search terms (in
title, abstract or keywords) are as follows: (Spirulina OR Arthrospira)
AND (obes* OR “body mass index” OR BMI OR “waist circumference”
OR “hip circumference” OR “waist to hip ratio” OR WHR OR anthro-
pomet* OR “blood pressure” OR hypertension OR “serum triglyceride”
OR “serum low density lipoprotein cholesterol” OR “serum high density
lipoprotein cholesterol” OR LDL-C OR HDL-C OR “serum total choles-
terol” OR “insulin resistance” OR “fasting blood glucose” OR FBS OR
“blood glucose” OR diabet* OR “fatty liver” OR SGOT OR SGPT OR ALT
OR AST OR “metabolic syndrome” OR inflammat* OR antioxidant OR
“oxidative stress”). Finally in this systematic literature search, rando-
mized control trials on human subjects were included in the review. A
literature search was performed on studies and was restricted to articles
published in English. Citations were stored and managed with the re-
ference software EndNote X6.

2.2. Eligibility criteria
We considered all clinical trials describing association of Spirulina
supplementation with MetS components including human studies and

excluded all animal studies, narrative, nonsystematic reviews, and
conference abstracts.

3. Results
3.1. Search results

After the initial search, the studies were examined in order to
evaluate their relevance to the specific issues and compliance with the

Published studies identified
through data base search (n=947)

Identification
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inclusion criteria (Fig. 1). In the beginning, 974 articles were obtained.
After excluding duplicate articles (n = 227), a number of 720 papers
remained for further investigation. Among these number of articles,
497 of them were irrelevant papers that mostly discussed Spirulina’s
breeding condition, laboratory methods for isolation of different com-
ponents of Spirulina or Spirulina supplementation effects on non-la-
boratory animal species. After further assessments, we also eliminated
another 201 papers that were animal studies, reviews and studies on
mechanisms of action of different components of Spirulina. Among the
remaining 22 human randomized clinical trials, three of them were
articles without accessible full-text and one of them was a study pro-
tocol. Eventually, a series of 18 RCTs met the inclusion criteria and
were preferred for the final systematic review (Tablel).

3.2. Spirulina supplementation and body weight

Spirulina was recently discussed as an efficient supplementation for
weight management. As Zeinalian et al. found a 12 week supple-
mentation of SP (1 g/day) effective for reducing body weight and
BMI.>* Three months of SM supplementation at a dose of (2 g/day) in
hypertensive and overweight patients also resulted in significant de-
crease in weight and body mass index*® and decrease in BMI and waist
circumference referring to another study.”® In another survey of six
months intervention with 6 g/day Spirulina, a significant weight re-
duction was reported in non-alcoholic fatty liver disease (NAFLD) pa-
tients.””

According to Fujimoto et al.?® Spirulina is effective in body weight
reduction through reducing the infiltration of macrophages into visc-
eral fat and preventing liver lipid accumulation and oxidative stress.
Spirulina is rich in phenylalanine, a potent releaser of cholecystokinin
that affects the brain’s appetite center, which in turn acts as a body
weight suppressant.”” It has been already proved that antioxidants are
effective in obesity treatment through different mechanisms, including
lipase inhibitory effect, suppressive effect on food intake, inhibitory
effect on adipocyte differentiation, stimulatory effects on energy

Repeated records excluded (n=227)

——)

Records screened (n=720)

Screening

Human RCTs assessed for
eligibility (n=22)

Eligibility

Articles excluded (n= 698)

e Records with irrelevant topics (n=497)
e Animal studies, reviews and studies on
mechanism (n=201)

l—»

| —

Studies included in the systematic
review (n=18)

Atrticles without full text excluded
(n=3)

Study protocol (n=1)

Fig. 1. Flow diagram of the study selection procedure showing the number of eligible RCTs for the systematic review.
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expenditure, and regulatory effect on lipid metabolis.? Therefore, re-
garding the antioxidant content of Spirulina'? and improvement of the
body’s total antioxidant capacity after Spirulina supplementation,'’-*°
it is expected that this supplementation may play a successful role in
weight reduction. On the other hand, some of the human studies re-
ported no improvement in anthropometric indices following Spirulina
supplementatio.®,'* Anyway, further studies are necessary in order to
figure out the mechanism by which Spirulina affects human body
weight.

3.3. Spirulina supplementation and hypertension

Elevated blood pressure is one of the metabolic abnormalities that
affect patients with MetS. The positive effect of 4.5 g/day of Spirulina
supplementation for 6 weeks on blood pressure was reported in a
sample of overweight patients.>! A reduction in blood pressure was also
indicated in a sample of patients with type-2 diabetes after an inter-
vention consisting of consuming 8 g/day Spirulina for 12 week.'* In
addition, three months of regular consumption of Spirulina at a dose of
2 g/day resulted in improvement in blood pressure in overweight pa-
tients with hypertensio.*

Phycocyanin (a blue dye antioxidant) is responsible for ameliorating
blood pressure by enhancing endothelial nitric oxide synthase (eNOS)
expression in the aorta when stimulated by adiponectin. Furthermore, it
has been suggested that peptides that inhibit angiotensin I converting
enzyme (ACE) and renin-angiotensin system are derived from Spirulina,
that may play a critical role in lowering blood pressur.* It is also re-
commended that C-phycocyanin inhibits platelet aggregation through
inhibition of calcium mobilization and mediation of free radicals re-
leased by platelet.*’

On the contrary, some of the interventional studies have not verified
the hypotensive effect of Spirulina supplementation, since the blood
pressure of the studied samples remained unchanged after the inter-
vention.®,*” In order to ascertain the hypotensive effect of Spirulina,
further studies with larger sample sizes and longer durations are re-
quired.

3.4. Spirulina supplementation and lipid metabolism

A spectrum of lipid abnormalities occurs in MetS which includes
perturbations in the structure, metabolism, and biological activities of
both atherogenic and antiatherogenic lipoproteins. Impaired lipid me-
tabolism is mostly caused by high insulin resistance and leads to oxi-
dative stress and an endothelial dysfunction, thereby reinforcing mac-
rovascular atherosclerotic disease.” Spirulina has been highly
recommended and widely used for lipid abnormalities treatment in
recent years and almost all studies reported that 1-10g/d Spirulina
supplementation for 15 days to 6 months led to reduction in at least one
or more blood lipid measures including TC, TG, LDL-C, VLDL or in-
creased HDL-C.%!%14:24:26:27.31.33.34 Iy 3 study on a rat model, it was
found that a constituent of SP inhibited jejunal cholesterol absorption
and ileal bile acid reabsorption and it was attributed to the C-phyco-
cyanin content of Spirulina.>® C-phycocyanin also inhibits oxidative
changes in plasma proteins and aromatic amino acid residues’;
therefore increases the activity of lipoprotein lipase enzyme which is a
key enzyme in the metabolism of triglycerides and lipoproteins.®” It is
also suggested that phycocyanin can effectively inhibit pancreatic li-
pase®® and on the other hand, active compounds of Spirulina can bind
cholesterol metabolites bile acids, so cholesterol solubility decreased
and fecal excretion of cholesterol and bile acids increased.>® Further-
more, Spirulina contains 5-6% essential fatty acids, including ap-
proximately 30% of y -linolenic acid (GLA) and linolenic acid (LA),
which can prevent the accumulation of fat and cholesterol in the body.®
In a study on HepGz2 cells, a human hepatoma cell line, the following
potential mechanisms were suggested for the lipid lowering: Spirulina
lipid extract significantly downregulated the expression of 3-hydroxy-3-
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methyl-glutaryl-CoA reductase (HMGR), the rate-limiting enzyme in
cholesterol biosynthesis, and also suppressed the expression of LDL
receptor (LDLR) and lipogenic genes, such as fatty acid synthase and
stearoyl-CoA desaturase 1. The repression of lipogenic genes was in-
duced concurrently with decreased mature forms of sterol-regulatory
element-binding protein-1 (SREBP-1) and SREBP-2, which effectively
regulate transcription of the above-mentioned genes.*® Thus Spirulina
consumption is proposed as a beneficial supplementation for improving
blood lipids.

3.5. Spirulina supplementation and glucose metabolism

Impaired glucose tolerance is a key MetS phenotypes, defining as a
condition in which a normal insulin concentration does not lead to
efficient insulin response in the peripheral target tissues." Along with
other functional foods applied to improve insulin resistance, Spirulina is
also discussed as an alternative nutritional therapy. In an examination
on obese patients receiving antihypertensive treatment consumption of
2 g/day of SM resulted in improved insulin sensitivity ratio compared to
the placebo group. For patients with type 2 diabetes, Spirulina sup-
plementation(2 g/day) for two months resulted in lower fasting blood
glucose, postprandial blood glucose and HbAlc levels.>® SP supple-
mentation with a dose of 6 g/day for six months was also successful in
reducing HOMA-IR in adults with NAFLD.?>” Moreover in a sample of
insulin-resistant HIV-infected patients, high-dose (19 g/day) of Spir-
ulina supplementation for two months resulted in a significant rise in
insulin sensitivity in comparison with soybean consumption.*' A study
of non-insulin dependent diabetes mellitus patients demonstrated that
2 g/day Spirulina supplementation for two months led to decreased
blood sugar levels and glycated serum protein levels.’” On the contrary,
there are studies that observed no glucose metabolism improvement
following Spirulina supplementation,'*>' revealing the need for further
and more accurate studies in this field.

The mechanism of improvement in glucose metabolism somewhat
refers to Spirulina fiber and protein content, leading to reduced glucose
absorption and increased insulin secretion, respectively.>® To a certain
extent, the effect of increased insulin sensitivity following Spirulina
consumption has been attributed to lower levels of interleukin-6 (IL-
6)'>'* that inhibits insulin signaling molecules like insulin receptor
substrate which can finally result in suppressing translocation of glu-
cose transporter type 4 (GLUT-4) to the cell surface and lower glucose
uptake in muscle and adipose tissue.*'

3.6. Spirulina supplementation, inflammation and oxidative stress

Obesity induced localized and systemic inflammation is responsible
for a wide array of comorbidities including oxidative stress," insulin-
resistant metabolic dyslipidemia, type 2 diabetes, cardiovascular dis-
ease and hypertension.*® Therefore, inflammation management is a key
therapeutic intervention in MetS components. In three interventional
studies 8 g/day Spirulina intake for 16-12 weeks led to higher plasma
IL-2 concentration, reduced IL-6 concentration, increased in superoxide
dismutase (SOD) activity,'® a reduction of plasma malondialdehyde
level and increased plasma adiponectin value'® and also a significant
increase in IL-2/IL-6 ratio and total antioxidant status level and a de-
crease in thiobarbituric acid reactive substances level in non-obese
subjects.>* Improved total antioxidant status is also reported after 2 g/
day and 5 g/day spirulina consumption in separate studies.?®>° Spir-
ulina supplementation in COPD patients for 2 months resulted in re-
duction of malondialdehyde (MDA), lipid hydroperoxide and increase
in glutathione (GSH), vitamin C, and the activity of SOD and glu-
tathione-s-transferase (GST) following 1g/day supplementation.'’
Spirulina supplementation also resulted in higher GSH levels at rest and
24h after exercise and lower thiobarbituric acid-reactive substance
levels after exercise.'*The antioxidant and anti-inflammatory activity of
Spirulina is almost attributed to its antioxidant content like
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phycocyanin and R-carotene.** Phycocyanin effectively scavenges free
radicals and reactive oxygen species (ROS), suppresses inducible nitric
oxide synthase (iNOS) expression, reduces nitrite production and in-
hibits lipid peroxidation in liver microsomes.'?*> R-caroten also acts as
an antioxidant and anti-inflammatory agent,'? it is also considered as
an efficient membrane antioxidant, through inhibiting oxygen-medi-
ated lipid peroxidation.*® In addition, R-caroten blocks intracellular
accumulation of ROS, inhibits expression of inflammation associated
genes the same as iNOS, COX-2, TNF-a and IL-1f3 and also inhibits
promoter activity of iNOS and nuclear factor kappaB (NF-B).*”,*®

3.7. Spirulina supplementation and non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) encompasses a spectrum
of liver manifestations ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH), fibrosis and cirrhosis, which may ultimately
terminate to hepatocellular carcinoma.*® There is accumulating evi-
dence demonstrating an association between NAFLD and MetS. Indeed,
to some extent NAFLD is recognized as the liver manifestation of MetS
or as the underlying cause of metabolic syndrome.**>° On the other
hand liver abnormalities including Increased serum transaminase,
nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease
(NAFLD), hepatic fibrosis and cirrhosis are also defined as systemic
effects of MetS on hepatic tissue." According to animal and human
studies, there are different anti-oxidants, anti-inflammatory, and insulin
sensitizer dietary supplements which have shown beneficial effects on
NAFLD improvement.”® Spirulina has been recently considered as a
dietary supplement for reducing liver enzymes in patients with NFLD.
In an open-label, non-randomized trial, a 6 months SP intervention at a
dose of 6 g/day resulted in lower AST, ALT and y-glutamyltransferase in
a sample of adults with NAFLD.?” Moreover, in a Case report of 3
NAFLD patients, 4.5 g/day SM supplementation resulted in lower liver
aminotransfrases.’® Although, the effect of Spirulina supplementation
on predisposing factors of NAFLD such as obesity, insulin resistance,
dyslipidemia, inflammation and oxidative stress have been previously
discussed in detail.

Currently, first-line therapy for NAFLD is lifestyle modification
techniques such as weight loss through diet and exercise. Moreover, a
wide range of drugs and supplements, including antioxidants, anti-in-
flammations, insulin sensitizers, and lipid lowering agents, have been
applied in patients and experimental models of NAFLD as alternative
therapies.” Due to Spirulina’s content of nutrients, it is widely reported
that this microalgae is effective as an antioxidant, anti-inflammatory,
insulin sensitizing, lipid lowering and weight loss agent.'* Probiotics
and prebiotics are also recently recommended for NAFLD treatment.”"
Whereas Spirulina consumption seems to promote the growth of in-
testinal micro flora as well and has probiotic effect,> expecting that
Spirulina induces its liver protecting action via this mechanism. In
animal studies it has been indicated that ingestion of Spirulina as an
anti-inflammatory agent reduced hepatic MDA levels and also elevated
GSH, SOD, and nitric oxide levels, whereas vacuolar degeneration, fatty
infiltration, and fibrosis were prevented in the liver. Similar antioxidant
effects of Spirulina supplementation on the prevention of hepatotoxicity
were also described with decreases in the leakage of liver enzymes in
plasma, and also lower hepatic lipid peroxidation, hemorrhage, and
hepatocyte necrosis in the livers of rats.*” All in all, it seems that
Spirulina is highly effective on preventing fatty liver, although the
underlying mechanisms have not been fully understood. Based on the
present knowledge, Spirulina inhibits hepatic lipogenesis, prevents
progression of fatty liver to NASH by inhibiting lipid peroxidation and
scavenging free radicals, or indirectly enhancing the activity of anti-
oxidant enzymes in the liver. Still further studies are necessary to ex-
plore the mechanism accurately.

142

Complementary Therapies in Medicine 42 (2019) 137-144

4. Discussion

This review was conducted to evaluate the effects of Spirulina
supplementation on distinct metabolic syndrome components. Eighteen
interventional studies were meticulously selected in order to be applied
in the final systematic review.

As described earlier, Spirulina is a functional food and Considering
its nutrient content, a wide array of medical and nutritional effective-
ness is expected.'? Spirulina can be effective as a blood pressure-re-
ducing agent through increasing eNOS synthetize, inhibiting ACE,
suppressing renin- angiotensin system, vasoconstricting metabolites
and platelet aggregation.>"*>>* Spirulina may be a suitable supple-
mentation for body weight reduction, due to its impacts on brain’s
appetite center and also its high antioxidants compounds that effec-
tively trigger mechanisms that lead to body weight loss.'**”-*® How-
ever, the weight reduction effect of Spirulina is still controversial.>'*
Considering spirulina’s fiber, vitamins, phycocynin, y -linolenic acid, it
seems that this nutraceutical acts actively as a lipid-lowering agent
through impressing lipid absorption, metabolism and excretion.'’
Spirulina improves glucose metabolism because of its high fiber con-
tent, protein and amino-acids that stimulate insulin secretion and also
ameliorates insulin signaling via lowering inflammatory mediators.'*>*
Given the powerful antioxidant compounds of spirulina that are phy-
cocyanin and B-carotene, spirulina is proposed as a successful supple-
mentation for lowering oxidative stress and inflammation.'” NAFLD is
also reported to be ameliorated following Spirulina supplementation.*”
Since mechanisms underlying the protective effect of Spirulina on MetS
components have not been fully understood, more studies are needed to
identify functional components of Spirulina, responsible for the ther-
apeutic effects and also more accurate mechanisms of its action.

4.1. Strengths and limitations

The present review bears some notable strength indeed. As we
realized this is basically the first systematic review which presents the
effects of Spirulina supplementation on metabolic syndrome compo-
nents and the possible mechanisms in details. While researches con-
tinue to explore complementary therapies for obesity related metabolic
abnormalities, Spirulina supplementation has also been introduced as
an effective intervention.

Undoubtedly, this review does have some limitations as the others.
In particular we were prevented to conduct a meta-analysis due to the
lack of homogeneity between outcome assessment and dosage of
treatment. Furthermore, a lack of studies with longer follow-up period
limited the generalizability of our findings to the entire metabolic
syndrome affected population.

5. Conclusion

Eventually, Spirulina may be suggested to patients with MetS and
also NAFLD as a safe and therapeutic supplementation or a food com-
ponent.
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