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 Spirulina is rich in protein with high quality and almost all essential amino 

acids. 

 Spirulina can be possibly administered as a safe and efficient 

supplementation in the case of metabolic syndrome components. 

 Recommend investigation about determine dose and duration of 

supplementation with Spirolina. 

 

 

Abstract 

Aims: The aim of this systematic review was to assess the effects of Spirulina 

supplementation on metabolic syndrome components, its liver manifestation and 

related inflammatory markers. 

Methods: We searched PubMed and Scopus (up to August 2017) to identify relevant 

studies. English randomized controlled trials (RCTs) investigating the effects of 

Spirulina supplementation on factors associated with metabolic 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.   ACCEPTED M
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Conclusion: Spirulina can be possibly administered as a safe and efficient 

supplementation in the case of metabolic syndrome components, although determining 

the optimal dosage and period of supplementation still needs further investigations.   

Keywords: Spirulina, Arthrospira, metabolic syndrome 
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1. Introduction  

Metabolic syndrome (MetS) is defined as a cluster of interconnected physiological, 

biochemical, clinical and metabolic abnormalities including; atherogenic dyslipidemia, 

hypertension, glucose intolerance, abdominal obesity proinflammatory state, and a 

prothrombotic state (1, 2). MetS is also a worldwide issue of public health as the 

reports of incidence rate is growing over time, and its worldwide prevalence has been 

estimated between 10 to 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 (1). The prevalence of risk factors of MetS, namely obesity, has also 

experienced an upward trend among children as well as adults (3, 4). Nowadays 

nutraceuticals are highly regarded as alternative therapies in order to prevent such 

health problems (5) and in the same way microalgae Spirulina is also discussed as an 

alternative treatment (6, 7). 

Spirulina (Arthrospira) is a spiral blue-green microalgae and a member of 

cyanobacterium subgroup (8-11). Spirulina Platensis (SP), Spirulina Maxima (SM) and 

Spirulina Fusiformis (SF) are the main edible species (12). Spirulina is rich in protein 

with high quality and almost all essential amino acids (9, 10). In addition, it is a rich 

source of minerals, vitamins and antioxidants including phycocyanins, carotenoids, 

tocopherols and phenolic compounds (8-16). Spirulina also contains 4-7% lipid that is 

mostly composed of essential poly unsaturated fatty acids like -linolenic acid, α-
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linoleic acid, Eicosapentaenoic acid (EPA), Docosahexaenoic acid (DHA) (10, 12). 

Thanks to its nutrient content Spirulina has been represented as a nutraceutical food 

(17), as it has been proposed as an effective supplementation improving antioxidant 

status and protecting cancer incidence (18, 19). Although Spirulina is found to be 

effective in improving some components of MetS in animal studies (20-22), the 

scientific literature according to human survey is relatively heterogeneous. The current 

systematic review 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 for Systematic 

Review and Meta-Analyses (PRISMA) guidelines (23).  

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 

anthropomet* 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 cholesterol” OR “insulin 

ACCEPTED M
ANUSCRIP

T



 
 

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, randomized 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 reference 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 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 components of Spirulina or 

Spirulina supplementation effects on non-laboratory animal species. After further 
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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 protocol. Eventually, a series of 18 

RCTs met the inclusion criteria and were preferred for the final systematic review 

(Table1). 

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 supplementation of SP (1 g/day) 

effective for reducing body weight and BMI (24). Three months of SM 

supplementation at a dose of (2 g/day) in hypertensive and overweight patients also 

resulted in significant decrease in weight and body mass index (25) and decrease in 

BMI and waist circumference referring to another study (26). In another survey of six 

months intervention with 6 g/day Spirulina, a significant weight reduction was reported 

in non-alcoholic fatty liver disease (NAFLD) patients (27). 

According to Fujimoto et al. (28) Spirulina is effective in body weight reduction 

through reducing the infiltration of macrophages into visceral 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 (27). It has been already proved that antioxidants are 
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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 expenditure, and regulatory effect on lipid metabolism 

(29). Therefore, regarding the antioxidant content of Spirulina (12) and improvement 

of the body’s total antioxidant capacity after Spirulina supplementation (11, 30), it is 

expected that this supplementation may play a successful role in weight reduction. On 

the other hand, some of the human studies reported no improvement in anthropometric 

indices following Spirulina supplementation (8, 14). 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 (31). A reduction in 

blood pressure was also indicated in a sample of patients with type-2 diabetes after an 

intervention consisting of  consuming 8 g/day Spirulina for 12 weeks (14). In addition, 

three months of regular consumption of Spirulina at a dose of 2 g/day resulted in 

improvement in blood pressure in overweight patients with hypertension (25).  

Phycocyanin (a blue dye antioxidant) is responsible for ameliorating blood pressure by 

enhancing endothelial nitric oxide synthase (eNOS) expression in the aorta when 
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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 pressure (32). It is also 

recommended that C-phycocyanin inhibits platelet aggregation through inhibition of 

calcium mobilization and mediation of free radicals released by platelet (31).  

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 intervention (8, 27). In order to ascertain the hypotensive 

effect of Spirulina, further studies with larger sample sizes and longer durations are 

required.  

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 metabolism is mostly caused by high insulin resistance and 

leads to oxidative stress and an endothelial dysfunction, thereby reinforcing 

macrovascular atherosclerotic disease (1). Spirulina has been highly recommended and 

widely used for lipid abnormalities treatment in recent years and almost all studies 

reported that 1-10 g/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 increased HDL-C (8, 13, 14, 24, 26, 27, 31, 33, 34).  In a study on a rat 
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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-phycocyanin content of 

Spirulina (35). C-phycocyanin also inhibits oxidative changes in plasma proteins and 

aromatic amino acid residues (36); therefore increases the activity of lipoprotein lipase 

enzyme which is a key enzyme in the metabolism of triglycerides and lipoproteins (37). 

It is also suggested that phycocyanin can effectively inhibit pancreatic lipase (38) 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  (39). Furthermore, Spirulina contains 5–6% essential fatty acids, 

including approximately 30% of γ -linolenic acid (GLA) and linolenic acid (LA), 

which can prevent the accumulation of fat and cholesterol in the body (8). In a study on 

HepG2 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-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 induced 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 (40). 

Thus Spirulina consumption is proposed as a beneficial supplementation for improving 

blood lipids. 
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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 (1). 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 supplementation(2 g/day) for two 

months resulted in lower fasting blood glucose, postprandial blood glucose and HbA1c 

levels (33). SP supplementation with a dose of 6 g/day for six months was also 

successful in reducing HOMA-IR in adults with NAFLD (27). Moreover in a sample of 

insulin-resistant HIV-infected patients, high-dose (19 g/day) of Spirulina 

supplementation for two months resulted in a significant rise in insulin sensitivity in 

comparison with soybean consumption (41).  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 (42). On 

the contrary, there are studies that observed no glucose metabolism improvement 

following Spirulina supplementation (14, 31), revealing the need for further and more 

accurate studies in this field. 
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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 (33). To a certain extent, the effect of increased insulin 

sensitivity following Spirulina consumption has been attributed to lower levels of 

interleukin-6 (IL-6) (13, 14) that inhibits insulin signaling molecules like insulin 

receptor substrate which can finally result in suppressing translocation of glucose 

transporter type 4 (GLUT-4) to the cell surface and lower glucose uptake in muscle and 

adipose tissue (41). 

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 (1), insulin-resistant metabolic dyslipidemia, 

type 2 diabetes, cardiovascular disease and hypertension (43). 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 (13), a reduction of plasma malondialdehyde level and increased plasma 

adiponectin value (14) and also a significant increase in IL-2/IL-6 ratio and total 

antioxidant status level and a decrease in thiobarbituric acid reactive substances level in 

non-obese subjects (34). Improved total antioxidant status is also reported after 2 g/day 

and 5 g/day spirulina consumption in separate studies (26, 30). Spirulina 
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supplementation in COPD patients for 2 months resulted in reduction of 

malondialdehyde (MDA), lipid hydroperoxide and increase in  glutathione (GSH), 

vitamin C, and the activity of SOD  and glutathione-s-transferase (GST) following 

1g/day supplementation (11).  Spirulina supplementation also resulted in higher GSH 

levels at rest and 24 h after exercise and lower thiobarbituric acid-reactive substance 

levels after exercise (15).The antioxidant and anti-inflammatory activity of Spirulina is 

almost attributed to its antioxidant content like phycocyanin and ß-carotene (44). 

Phycocyanin effectively scavenges free radicals and reactive oxygen species (ROS), 

suppresses inducible nitric oxide synthase (iNOS) expression, reduces nitrite 

production and inhibits lipid peroxidation in liver microsomes (12, 45). ß-caroten also 

acts as an antioxidant and anti-inflammatory agent (12), it is also considered as an 

efficient membrane antioxidant, through inhibiting oxygen-mediated lipid peroxidation 

(46). In addition, ß-caroten blocks intracellular accumulation of ROS, inhibits 

expression of inflammation associated genes the same as iNOS, COX-2, TNF-α and 

IL-1ß and also inhibits promoter activity of iNOS and nuclear factor kappaB (NF-kB) 

(47, 48). 

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 
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(49). There is accumulating evidence 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 (49, 50). 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 (1). 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 (51). 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 -

glutamyltransferase in a sample of adults with NAFLD (27). Moreover, in a Case 

report of 3 NAFLD patients, 4.5 g/day SM supplementation resulted in lower liver 

aminotransfrases (16). 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-inflammations, insulin sensitizers, and lipid 

lowering agents, have been applied in patients and experimental models of NAFLD as 

alternative therapies (51). Due to Spirulina’s content of nutrients, it is widely reported 
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that this microalgae is effective as an antioxidant, anti-inflammatory, insulin 

sensitizing, lipid lowering and weight loss agent (12). Probiotics and prebiotics are also 

recently recommended for NAFLD treatment (51). Whereas Spirulina consumption 

seems to promote the growth of intestinal micro flora as well and has probiotic effect  

(52), 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 (40). 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 antioxidant enzymes in 

the liver. Still further studies are necessary to explore the mechanism accurately.  

4. Discussion ACCEPTED M
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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 effectiveness is expected (12).  Spirulina can be 

effective as a blood pressure-reducing agent through increasing eNOS synthetize, 

inhibiting ACE, suppressing renin- angiotensin system, vasoconstricting metabolites 

and platelet aggregation (31, 32, 53). Spirulina may be a suitable supplementation for 

body weight reduction, due to its impacts on brain’s appetite center and also its high 

antioxidants compounds that effectively trigger mechanisms that lead to body weight 

loss (12, 27, 28). However, the weight reduction effect of Spirulina is still controversial 

(8, 14). Considering spirulina’s fiber, vitamins, phycocynin, γ -linolenic acid, it seems 

that this nutraceutical acts actively as a lipid-lowering agent through impressing lipid 

absorption, metabolism and excretion (10). Spirulina improves glucose metabolism 

because of its high fiber content, protein and amino-acids that stimulate insulin 

secretion and also ameliorates insulin signaling via lowering inflammatory mediators 

(14, 33). Given the powerful antioxidant compounds of spirulina that are phycocyanin 

and ß-carotene, spirulina is proposed as a successful supplementation for lowering 

oxidative stress and inflammation (12). NAFLD is also reported to be ameliorated 

following Spirulina supplementation (27). Since mechanisms underlying the protective 

effect of Spirulina on MetS components have not been fully understood, more studies 
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are needed to identify functional components of Spirulina, responsible for the 

therapeutic 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 components and the possible mechanisms in details. While 

researches continue 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 component. 

Acknowledgments 

The authors would like to thank all the staff at Nutrition, Faculty of Nutrition and Food 

Technology, Shahid Beheshti University of Medical Sciences. 

ACCEPTED M
ANUSCRIP

T



 
 

Author Contributions 

All the authors made a substantial contribution to conception, design and/or analysis 

and interpretation of data, and/or the drafting or critical revision of the review. 

Funding/Support 

Authors did not receive any fund or grant. 

Financial disclosure 

Authors have no relevant or material financial interests that relate to the research 

described in this paper. 

Declarations of interest: none 

  

ACCEPTED M
ANUSCRIP

T



 
 

References   

1. Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract. 2014;2014:943162. 
2. O'Neill S, O'Driscoll L. Metabolic syndrome: a closer look at the growing epidemic and its associated 
pathologies. Obes Rev. 2015;16(1):1-12. 
3. Mottaghi A, Mirmiran P, Pourvali K, Tahmasbpour Z, Azizi F. Incidence and Prevalence of Childhood 
Obesity in Tehran, Iran in 2011. Iran J Public Health. 2017;46(10):1395-403. 
4. Mottaghi A, Mirmiran P, Delshad H, Azizi F. Effect of Different Obesity Phenotypes on Incidence of 
Chronic Kidney Disease in Tehranian Adults. J Am Coll Nutr. 2016;35(7):587-96. 
5. Khezri SS, Saidpour A, Hosseinzadeh N, Amiri Z. Beneficial effects of Apple Cider Vinegar on weight 
management, Visceral Adiposity Index and lipid profile in overweight or obese subjects receiving restricted 
calorie diet: A randomized clinical trial. Journal of Functional Foods. 2018;43:95-102. 
6. Yousefi R, Mottaghi A, Saidpour A. Spirulina platensis effectively ameliorates anthropometric 
measurements and obesity-related metabolic disorders in obese or overweight healthy individuals: A 
randomized controlled trial. Complementary Therapies in Medicine. 2018;40:106-12. 
7. Yousefi R, Saidpour A, Mottaghi A. Effects of Combined Administration of Weight Reducing Diet and 
SPIRULINA Platensis on Anthropometric Measures and Glycemic Markers in Obese and Overweight Subjects: 
A Randomized, Double-blinded, Placebo-controlled Clinical Trial. Iranian Journal of Endocrinology and 
Metabolism. 2018;20(1):10-21. 
8. Mazokopakis EE, Starakis IK, Papadomanolaki MG, Mavroeidi NG, Ganotakis ES. The hypolipidaemic 
effects of Spirulina (Arthrospira platensis) supplementation in a Cretan population: a prospective study. J Sci 
Food Agric. 2014;94(3):432-7. 
9. El-Sheekh MM, Hamad SM, Gomaa M. Protective effects of Spirulina on the liver function and 
hyperlipidemia of rats and human. Brazilian Archives of Biology and Technology. 2014;57(1):77-86. 
10. Serban MC, Sahebkar A, Dragan S, Stoichescu-Hogea G, Ursoniu S, Andrica F, et al. A systematic 
review and meta-analysis of the impact of Spirulina supplementation on plasma lipid concentrations. Clinical 
Nutrition. 2016;35(4):842-51. 
11. Ismail M, Hossain MF, Tanu AR, Shekhar HU. Effect of spirulina intervention on oxidative stress, 
antioxidant status, and lipid profile in chronic obstructive pulmonary disease patients. Biomed Res Int. 
2015;2015:486120. 
12. Deng R, Chow TJ. Hypolipidemic, antioxidant, and antiinflammatory activities of microalgae Spirulina. 
Cardiovasc Ther. 2010;28(4):e33-45. 
13. Park HJ, Lee YJ, Ryu HK, Kim MH, Chung HW, Kim WY. A randomized double-blind, placebo-controlled 
study to establish the effects of spirulina in elderly Koreans. Ann Nutr Metab. 2008;52(4):322-8. 
14. Lee EH, Park JE, Choi YJ, Huh KB, Kim WY. A randomized study to establish the effects of spirulina in 
type 2 diabetes mellitus patients. Nutr Res Pract. 2008;2(4):295-300. 
15. Kalafati M, Jamurtas AZ, Nikolaidis MG, Paschalis V, Theodorou AA, Sakellariou GK, et al. Ergogenic 
and antioxidant effects of spirulina supplementation in humans. Med Sci Sports Exerc. 2010;42(1):142-51. 
16. Ferreira-Hermosillo A, Torres-Duran PV, Juarez-Oropeza MA. Hepatoprotective effects of Spirulina 
maxima in patients with non-alcoholic fatty liver disease: a case series. J Med Case Rep. 2010;4:103. 
17. Karkos PD, Leong SC, Karkos CD, Sivaji N, Assimakopoulos DA. Spirulina in clinical practice: evidence-
based human applications. Evid Based Complement Alternat Med. 2011;2011:531053. 
18. Smieszek A, Giezek E, Chrapiec M, Murat M, Mucha A, Michalak I, et al. The Influence of Spirulina 
platensis Filtrates on Caco-2 Proliferative Activity and Expression of Apoptosis-Related microRNAs and mRNA. 
Marine drugs. 2017;15(3). 
19. Nasirian F, Dadkhah M, Moradi-Kor N, Obeidavi Z. Effects of Spirulina platensis microalgae on 
antioxidant and anti-inflammatory factors in diabetic rats. Diabetes, metabolic syndrome and obesity : targets 
and therapy. 2018;11:375-80. 

ACCEPTED M
ANUSCRIP

T



 
 

20. Nawrocka D, Kornicka K, Smieszek A, Marycz K. Spirulina platensis Improves Mitochondrial Function 
Impaired by Elevated Oxidative Stress in Adipose-Derived Mesenchymal Stromal Cells (ASCs) and Intestinal 
Epithelial Cells (IECs), and Enhances Insulin Sensitivity in Equine Metabolic Syndrome (EMS) Horses. Marine 
drugs. 2017;15(8). 
21. Marycz K, Michalak I, Kocherova I. The Cladophora glomerata Enriched by Biosorption Process in 
Cr(III) Improves Viability, and Reduces Oxidative Stress and Apoptosis in Equine Metabolic Syndrome Derived 
Adipose Mesenchymal Stromal Stem Cells (ASCs) and Their Extracellular Vesicles (MV's). 2017;15(12). 
22. Finamore A, Palmery M. Antioxidant, Immunomodulating, and Microbial-Modulating Activities of the 
Sustainable and Ecofriendly Spirulina. 2017;2017:3247528. 
23. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement 
for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: 
explanation and elaboration. Ann Intern Med. 2009;151(4):W65-94. 
24. Zeinalian R, Farhangi MA, Shariat A, Saghafi-Asl M. The effects of Spirulina Platensis on 
anthropometric indices, appetite, lipid profile and serum vascular endothelial growth factor (VEGF) in obese 
individuals: a randomized double blinded placebo controlled trial. BMC Complement Altern Med. 
2017;17(1):225. 
25. Miczke A, Szulinska M, Hansdorfer-Korzon R, Kregielska-Narozna M, Suliburska J, Walkowiak J, et al. 
Effects of spirulina consumption on body weight, blood pressure, and endothelial function in overweight 
hypertensive Caucasians: a double-blind, placebo-controlled, randomized trial. Eur Rev Med Pharmacol Sci. 
2016;20(1):150-6. 
26. Szulinska M, Gibas-Dorna M, Miller-Kasprzak E, Suliburska J, Miczke A, Walczak-Galezewska M, et al. 
Spirulina maxima improves insulin sensitivity, lipid profile, and total antioxidant status in obese patients with 
well-treated hypertension: a randomized double-blind placebo-controlled study. Eur Rev Med Pharmacol Sci. 
2017;21(10):2473-81. 
27. Mazokopakis EE, Papadomanolaki MG, Fousteris AA, Kotsiris DA, Lampadakis IM, Ganotakis ES. The 
hepatoprotective and hypolipidemic effects of Spirulina () supplementation in a Cretan population with non-
alcoholic fatty liver disease: a prospective pilot study. Ann Gastroenterol. 2014;27(4):387-94. 
28. Fujimoto M, Tsuneyama K, Fujimoto T, Selmi C, Gershwin ME, Shimada Y. Spirulina improves non-
alcoholic steatohepatitis, visceral fat macrophage aggregation, and serum leptin in a mouse model of 
metabolic syndrome. Dig Liver Dis. 2012;44(9):767-74. 
29. Hassan HA, El-Gharib NE. Obesity and Clinical Riskiness Relationship: Therapeutic Management by 
Dietary Antioxidant Supplementation--a Review. Appl Biochem Biotechnol. 2015;176(3):647-69. 
30. Winter FS, Emakam F, Kfutwah A, Hermann J, Azabji-Kenfack M, Krawinkel MB. The Effect of 
Arthrospira platensis Capsules on CD4 T-Cells and antioxidative capacity in a randomized pilot study of adult 
women infected with human immunodeficiency virus not under HAART in Yaoundé, Cameroon. Nutrients. 
2014;6(7):2973-86. 
31. Torres-Duran PV, Ferreira-Hermosillo A, Juarez-Oropeza MA. Antihyperlipemic and antihypertensive 
effects of Spirulina maxima in an open sample of Mexican population: a preliminary report. Lipids Health Dis. 
2007;6:33. 
32. Soheili M, Khosravi-Darani K. The potential health benefits of algae and micro algae in medicine: A 
review on Spirulina platensis. Current Nutrition and Food Science. 2011;7(4):279-85. 
33. Parikh P, Mani U, Iyer U. Role of Spirulina in the Control of Glycemia and Lipidemia in Type 2 Diabetes 
Mellitus. J Med Food. 2001;4(4):193-9. 
34. Park HJ, Lee HS. The influence of obesity on the effects of spirulina supplementation in the human 
metabolic response of Korean elderly. Nutr Res Pract. 2016;10(4):418-23. 
35. Nagaoka S, Shimizu K, Kaneko H, Shibayama F, Morikawa K, Kanamaru Y, et al. A novel protein C-
phycocyanin plays a crucial role in the hypocholesterolemic action of Spirulina platensis concentrate in rats. J 
Nutr. 2005;135(10):2425-30. 

ACCEPTED M
ANUSCRIP

T



 
 

36. Bhat VB, Madyastha KM. Scavenging of peroxynitrite by phycocyanin and phycocyanobilin from 
Spirulina platensis: Protection against oxidative damage to DNA. Biochemical and Biophysical Research 
Communications. 2001;285(2):262-6. 
37. Ngo-Matip ME, Pieme CA, Azabji-Kenfack M, Biapa PC, Germaine N, Heike E, et al. Effects of Spirulina 
platensis supplementation on lipid profile in HIV-infected antiretroviral naive patients in Yaounde-Cameroon: 
a randomized trial study. Lipids Health Dis. 2014;13:191. 
38. Han LK, Li DX, Xiang L, Gong XJ, Kondo Y, Suzuki I, et al. [Isolation of pancreatic lipase activity-
inhibitory component of spirulina platensis and it reduce postprandial triacylglycerolemia]. Yakugaku Zasshi. 
2006;126(1):43-9. 
39. Cheong SH, Kim MY, Sok DE, Hwang SY, Kim JH, Kim HR, et al. Spirulina prevents atherosclerosis by 
reducing hypercholesterolemia in rabbits fed a high-cholesterol diet. Journal of Nutritional Science and 
Vitaminology. 2010;56(1):34-40. 
40. Ku CS, Yang Y, Park Y, Lee J. Health benefits of blue-green algae: Prevention of cardiovascular disease 
and nonalcoholic fatty liver disease. Journal of Medicinal Food. 2013;16(2):103-11. 
41. Marcel AK, Ekali LG, Eugene S, Arnold OE, Sandrine ED, vor der Weid D, et al. The effect of Spirulina 
platensis versus soybean on insulin resistance in HIV-infected patients: A randomized pilot study. Nutrients. 
2011;3(7):712-24. 
42. Mani UV, Desai S, Iyer U. Studies on the long-term effect of spirulina supplementation on serum lipid 
profile and glycated proteins in NIDDM patients. Journal of Nutraceuticals, Functional and Medical Foods. 
2000;2(3):25-32. 
43. Shah A, Mehta N, Reilly MP. Adipose inflammation, insulin resistance, and cardiovascular disease. 
JPEN J Parenter Enteral Nutr. 2008;32(6):638-44. 
44. Wu Q, Liu L, Miron A, Klimova B, Wan D, Kuca K. The antioxidant, immunomodulatory, and anti-
inflammatory activities of Spirulina: an overview. Arch Toxicol. 2016. 
45. Riss J, Decorde K, Sutra T, Delage M, Baccou JC, Jouy N, et al. Phycobiliprotein C-phycocyanin from 
Spirulina platensis is powerfully responsible for reducing oxidative stress and NADPH oxidase expression 
induced by an atherogenic diet in hamsters. J Agric Food Chem. 2007;55(19):7962-7. 
46. Schafer FQ, Wang HP, Kelley EE, Cueno KL, Martin SM, Buettner GR. Comparing beta-carotene, 
vitamin E and nitric oxide as membrane antioxidants. Biol Chem. 2002;383(3-4):671-81. 
47. Bai SK, Lee SJ, Na HJ, Ha KS, Han JA, Lee H, et al. beta-Carotene inhibits inflammatory gene expression 
in lipopolysaccharide-stimulated macrophages by suppressing redox-based NF-kappaB activation. Exp Mol 
Med. 2005;37(4):323-34. 
48. Sezavar H, Saboor-Yaraghi AA, Salehi E, Mottaghi A. Whether vitamin A supplementation is effective 
in T-bet and IFN- gene expression reduction? Immunological investigations. 2015;44(2):189-98. 
49. Asrih M, Jornayvaz FR. Metabolic syndrome and nonalcoholic fatty liver disease: Is insulin resistance 
the link? Mol Cell Endocrinol. 2015;418 Pt 1:55-65. 
50. Lonardo A, Ballestri S, Marchesini G, Angulo P, Loria P. Nonalcoholic fatty liver disease: a precursor of 
the metabolic syndrome. Dig Liver Dis. 2015;47(3):181-90. 
51. Eslamparast T, Eghtesad S, Poustchi H, Hekmatdoost A. Recent advances in dietary supplementation, 
in treating non-alcoholic fatty liver disease. World J Hepatol. 2015;7(2):204-12. 
52. Kulshreshtha A, Zacharia AJ, Jarouliya U, Bhadauriya P, Prasad GB, Bisen PS. Spirulina in health care 
management. Curr Pharm Biotechnol. 2008;9(5):400-5. 
53. Pan H, She X, Wu H, Ma J, Ren D, Lu J. Long-Term Regulation of the Local Renin-Angiotensin System in 
the Myocardium of Spontaneously Hypertensive Rats by Feeding Bioactive Peptides Derived from Spirulina 
platensis. Journal of Agricultural and Food Chemistry. 2015;63(35):7765-74. 

 

  

ACCEPTED M
ANUSCRIP

T



 
 

 

Figure caption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1. Flow diagram of the study selection procedure showing the number of eligible RCTs for the 

systematic review
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Table1. Selected studies analyzing the impact of Spirulina supplementation on metabolic syndrome components 

Author Year Location Design Duration 

of trial 

Inclusion criteria Supplementation 

form 

species 

Spirulina Participants Age(years) Male 

% 

Results 

Szulinska et 

al. 

2017 Poland Double-blind 

placebo-

controlled trial 

3 months obese patients 

receiving standard 

pharmacological 
antihypertensive 

treatment 

500 mg capsules 

Spirulina Maxima 

2 g/day Case: n=25 

Control: n=25 

Case: 49.3 

± 8.7 

Control: 
50.2 ± 7.2 

50% Decrease in body mass, 

BMI, WC, LDL-C, IL-6 

and improved total 
antioxidant status and 

insulin sensitivity in 

supplemented patients 
compared to placebo 

group 

Zeinalian et 
al. 

2017 Iran Randomized 
double-blind 

placebo-

controlled trial 

12 weeks BMI ≥ 30 kg/m2 500mg pills 
Spirulina 

Platensis 

1 g/day Case: n=29 
Control: n= 

27 

20–50 16 Body weight, BMI, serum 
TC and appetite were 

decreased significantly in 

Spirulina group 

Park et al. 2016 Korea Randomized 
double-blind 

placebo-

controlled trial 

12 weeks 78 elderlies --- 
--- 

8 g/day Case: 41 
Control: 37 

60-78 55 Lower plasma 
concentration of TC and 

LDL-C, increase in IL-2 , 

IL-2/IL-6 ratio and total 

antioxidant status level, 

decrease in thiobarbituric 
acid reactive substances 

level in the non-obese 

group receiving Spirulina  

Miczke et al. 2016 Poland Randomized 

double-blind 
placebo-

controlled trial 

3 months Hypertensive and 

overweight patients 
without 

cardiovascular 
disease 

2 g pills 

Spirulina maxima 
2 g/day Case: n=20 

Control: n=20 
Case: 53.0 

± 5.8 
Control: 

53.6 ± 5.5 

52.5 Reduced BMI, weight and 

SBP in Spirulina receiving 
group 

Ismail et al. 2015 Bangladesh Randomized 

placebo-

controlled, 
parallel-group 

trial 

2 months COPD patients 

controls with no 

respiratory 
problems 

500 mg capsules 

--- 
1 g/day 

2 g/day 
Case:n1= 15, 

n2= 15  

Control: n= 
20 

45- 60 100 Improved antioxidant 

activity and blood lipid 

profile 

Winter et al. 2014 Cameroon Randomized, 
double-blind, 

placebo-

controlled trial 

3 months HIV-infected, adult 
female receiving 

pre-highly-active 

antiretroviral 
therapy  

500 mg tablets 
Spirulina platensis 

5 g/day Case: n= 28 
Control: n= 

30 

23-35 0 An increase in TAOS for 
spirulina receiving 

patients vs. the decrease in 

the placebo group. 

Mazokopakis 2014 Greece open-label, 6 months Adults with 3 g sachets 6 g/day Case: n= 15 29-62 86.6 Reduced  TG, LDL-C, TC, 
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et al. non-

randomized 
trial 

NAFLD Spirulina platensis weight, HOMA-IR, 

TC/HDL-C and increased 
HDL-C 

Author  Year Location Design Duration 

of trial 

Inclusion criteria Supplementation 

form 

species 

Spirulina Participants Age(years) Male 

% 

Results 
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Author  Year Location Design Duration 

of trial 

Inclusion 

criteria 

Supplementation 

form 

Spirulina Participants Age(years) Male 

% 

Results 

Mazokopakis 

et al. 
2013 Greece open-label, non-

randomised trial 

3 months Adults with 

recently diagnosed 
dyslipidaemia 

0.5 g tablets 

Spirulina platensis 
1 g/day Case: n=52 Case: n=47 61.5 Mean level of TG, 

LDL-C, TC, and TC/ 
HDL-C decreased 

significantly 

Torres-Duran 

et al. 
2012 Mexico Quasi-

experimental 

study 

15 days volunteer runners 

in a 

nonprofessional 
level with at least 1 

year practice 

before the study 

powder 

Spirulina maxima 
5g in 

250mL 

water 
daily 

Case: n=41 10-26 51 Reduced fasting 

plasma triacylglycerol 

concentrations 

Marcel et al. 2011 Cameroon Randomized 

clinical trial 
2 months insulin-resistant 

HIV-infected 

patients 

powder 

Spirulina platensis 
19 g/day Spirulina:    

n= 17      

Soybean: 

n=16 

37.5 21.2 larger increase in 

insulin sensitivity in 

the Spirulina vs. 

soybean group 

Ngo-Matip et 

al 
2010 Cameroun Multicentre 

single- blind, 
randomized, 

parallel-group trial 

12 

months 
HIV antiretroviral-

naïve patients 
package of powder 

spirulina platensis 
10 g/day Case: 82 

Control: 87 
Case: 36.01 ± 

9.44  
Control: 

35.43 ± 10.04 

25.6 Significant increase in 

HDL-C and a 
significant decrease in 

TC, LDL-C, and TG 

Ferreira-

Hermosillo et 
al. 

2010 Mexico Case report 3 months Non-alcoholic fatty 

liver diseases 

patients 

0.5 g tablets 

Spirulina maxima 

4.5 g/day Case: n=3 A 43-year-old 

man, a  77-

year-old man 

and a 44-

year-old 

woman 

--- improved blood lipids 

Kalafati et al. 2009 Greece A double-blind, 

placebo-

controlled, 

counterbalanced 

crossover study 

4 weeks healthy moderately 

trained men 

--- 

Spirulina platensis 
6 g/day Case: n= 9 23.3 ± 1.7 100 Higher GSH levels at 

rest and 24 h after 

exercise and lower 
thiobarbituric acid-

reactive substance 

levels after 
supplementation 

Lee et al. 2008 
 

Korea 
 

Randomized 
placebo-

controlled, 

parallel-group trial 

12 week 
 

Patients with 
type 2 diabetes 

0.2 g pills of 
freeze-dried 

Spirulina 

Spirulina platensis 

8 g/day Case: n= 19 
Control:=18 

Case: 52.1 ± 
2.3 

Control: 54.5 

± 1.5 

54 Lower DBP, plasma 
malondialdehyde and 

TG level, increased 

plasma adiponectin 
level 
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species 

Park et 

al. 

2008 Korea Randomized 

double-blind 

placebo-
controlled 

parallel trial 

16 weeks Volunteers aged 

> 60 years 
0.2 g pills of freeze-

dried Spirulina 

--- 

8 g/day Case: n=41 

Control: 

n=37 

58.5 58.5 lower plasma cholesterol, higher 

plasma IL-2 concentration, and a 

reduction in IL-6 concentration 
in males 

An increased superoxide dis-

mutase activity In females 

Torres-

Duran et 

al 

2007 Mexico Quasi-

experimental 

study 

6 weeks Overweight 

patients 

0.5 g tablets 

Spirulina Maxima 
4.5 g/day Case: n= 36 18–65 44.4 Decreased TAG and the LDL-C 

concentrations, indirectly 

declined TC and increased HDL-
C values and also reduced 

systolic and diastolic blood 

pressure 
Parikh et 

al. 
2001 India Randomized 

Placebo 

controlled, 

parallel group 
trial 

2 months 
 

Patients with 
type 2 diabetes 

500 mg tablets 
--- 

2 g/day Case: n=15 
Control: n= 

10 

Case: 53.8 ± 
7.2 

Control: 

54.6 ± 5.4 

60 lower fasting blood glucose, 
postprandial blood glucose 

levels, HbA1c, TC, LDL-C and 

increased HDL-C 

Mani et 

al. 
2000 India Randomized 

placebo-
controlled, 

parallel-group 

trial 

2 months non-insulin 

dependent 
diabetes 

mellitus patients 

1 g tablets 

--- 
2 g/day Case: n= 15 

Control: n= 
7 

Case: 47.80  

±2.35 
Control: 

53.40  ±2.32 

50 Decreased blood sugar levels, 

glycated serum protein levels, 
TG, TC, free fatty acid levels, 

LDL-C, VLDL-C and HDL-

C/LDL-C ratio 

BMI: Body mass index, DBP: diastolic blood pressure, NAFLD: non-alcoholic fatty liver disease, TG: triglycerides, LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein 

cholesterol, TC: total cholesterol, HIV: human immunodeficiency virus, COPD: obstructive pulmonary disease, HOMA-IR: Homeostatic model assessment- insulin resistance, IL: interleukin, TAOS: 

total antioxidant capacity of the serum, WC: waist circumference 
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