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ARTICLE INFO ABSTRACT

Keywords: Objective: Evidence has suggested that Spirulina supplementation may affect anthropometric indices. Therefore,
Spirulina a systematic review and meta-analysis was performed to summarize published randomized clinical trials which
Obesity assess the effect of Spirulina supplementation on obesity.

Systematic review

¥ vsi Setting: Pertinent studies were identified using Embase, Scopus, ISI Web of Science, PubMed and Cochrane
eta-analysis

library databases up to May 2019. Mean Differences (MD) were pooled using a random-effects model.
Heterogeneity, sensitivity analysis and publication bias were reported using standard methods.

Results: Results of 5 studies (7 treatment arms) showed a significant reduction in weight (MD: -1.56 Kg, 95% CI:
-1.98 to -1.14) after Spirulina supplementation. Subgroup analysis based on health status revealed that weight
change in obese subjects (MD: -2.06 Kg, 95% CI: -2.45 to -1.68) was greater than overweight participants (MD:
-1.28 Kg, 95% CI: -1.62 to -0.93) following Spirulina supplementation. Also, pooled analysis showed that
Spirulina supplementation led to a significant reduction in body fat percent (MD: -1.02, 95% CI: -1.49 to -0.54)
and waist circumference (MD: -1.40, 95% CI: -1.40 to -1.39), but not in body mass index and waist to hip ratio.
Conclusion: Spirulina supplementation significantly reduces body weight, especially in obese individuals.

circumference, waist-to-hip ratio and body fat percentage may be im-
portant.*°

1. Introduction

Despite many proposed prevention and treatment strategies, over-
weight and obesity are dramatically on the rise. According to the latest
reports from the World Health Organization, global prevalence of
obesity has been tripled since 1975. Currently, about 2.5 billion people
are suffering from overweight or obesity worldwide." As a widely ac-
cepted fact, overweight and obesity are the risk factors for debilitating
chronic diseases such as cardiovascular diseases, cancer and cere-
brovascular diseases.”® Based on recent evidence, not only general
obesity but also central obesity and normal-weight obesity can impose
major risks to health. Therefore, it seems that all of the anthropometric
indices including body weight, body mass index (BMI), waist

Although lifestyle modification is the main treatment of obesity,
poor compliance with lifestyle changes leads to fail optimum long-term
weight loss.” Pharmacological treatments may be used when lifestyle
modification has not been effective alone.® However, anti-obesity drugs
have side effects and they cannot be used for long-term.’ Thus, patients
prefer to use dietary supplements for management of obesity and its
complications.’® In recent decade, several studies focused on nutri-
tional supplements and herbs to manage obesity and its complica-
tions.' 12

Spirulina, name derives from the spiral or helical nature of its fila-
ments, is a spiral blue-green microalgae and filamentous
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cyanobacterium that belongs to family Oscillatoriaceae and has a long
history of use as food or food supplement.’®'* It is an edible cyano-
bacteria or a microscopic blue-green algae rich in many nutrients, such
as phytochemicals, vitamins, minerals, essential and non-essential
amino acids, essential fatty acids and fiber. Spirulina supplementation
can be considered as an adjuvant therapy for the treatment of a wide
range of illnesses due to its antioxidant, anti-inflammatory, antitumor,
immunomodulatory, antiviral and antibacterial properties.'> Several
studies suggested that Spirulina may be useful in management of obe-
sity because it has favorable effect on appetite, food absorption, gut
microbiota, insulin resistance, oxidative stress, and inflammation.'®*°

Although supplementation with Spirulina seems to be an appro-
priate choice for obese subjects, the scientific evidence in this field is
relatively limited and heterogeneous.'®® Some studies reported that
Spirulina supplementation had a favorable effect on weight
loss.'®2%-24=2% In contrast, Szulinska et al and Hernandez-Lepe et al
indicated that Spirulina could not improve other anthropometry mea-
surements.”>*°

Based on our searches in scientific databases, no article has been
published to summarize the effects of Spirulina on weight management.
Moreover, clinical trial studies have shown contradictory effects of
Spirulina on obesity. Therefore, we aimed to conduct a systematic re-
view and meta-analysis of published randomized controlled trials
(RCTs) to assess the effect of Spirulina supplementation on obesity.

2. Methods

A systematic and comprehensive search of the Embase, Scopus, ISI
Web of Science, PubMed and the Cochrane library was conducted using
the following search terms: ((“Arthrospira” OR “Spirulina”) AND
(“Intervention” OR “Intervention Study” OR “Intervention Studies” OR
“Controlled” trial OR “Randomised” OR “Random” OR “Randomly” OR
“Placebo” OR “Assignment” OR “Randomized controlled trial” OR
“Randomized clinical trial” OR “Randomized clinical trial” OR “RCT”
OR “Blinded” OR “Double blind” OR” Double blinded” OR “Open-label”
OR “Trial” OR “Clinical trial” OR "Non-Randomized Controlled Trials"
OR '"Non-Randomized Trials" OR "Non-Randomized " OR "Clinical
Trials" OR "Clinical Trial" OR "Trial" OR "Trials" OR "Pragmatic Clinical
Trial" OR "Clinical Trial" OR "Trial" OR "Controlled Clinical Trial" OR
"Controlled Trial" OR "Clinical Trial, Phase IVOR "Clinical Trial, Phase
III" OR "Clinical Trial, Phase II" OR "Clinical Trial, Phase I" OR "Adaptive
Clinical Trial" OR "Adaptive Clinical Trial" OR "Cross-Over Studies” OR
"Cross-Over trial" OR "Equivalence Trial" OR "Equivalence Trial" OR
"Non-Randomized Controlled Trials " OR "Pilot Projects" OR "Pilot trial"
OR "Pilot study" OR "Cross-Over study" OR "Cross-Over trial " OR "Cross
Over trial " OR "Cross Over study " OR "Double-Blind Method" OR
"Double-Blind Method" OR "Double-Blind " OR "Double-Blind trial " OR
"Double-Blind study")). Whenever possible, Medical Subject Headings
(MESH) terms were used. The search was restricted to studies published
in English language from inception to May 2019. Electronic database
searches were completed along with reference list and citation hand
searching. Initial research was independently performed by two authors
(HM and SM). Any disagreement in this regard were resolved by face to
face discussion.

2.1. Study selection

First, results of electronic and manual searches were exported to
EndNote software, version X7 (Thomson Reuters) and duplicate pub-
lications were removed. Then, two investigators (SM and HM) selected
eligible articles separately by reading title, abstract and full text version
of remaining publications. Finally, all human randomized clinical trials
(RCTs) which examined the effects of Spirulina supplementation on
anthropometric measurements (i.e., body weight, body mass index,
waist circumference, body fat, waist to hip ratio) were included. Studies
were excluded if they were: (1) RCTs with treatment duration less than
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2 weeks, (2) studies without appropriate control group and (3) con-
ducted on < 18-year old subjects. Disagreements regarding the study
selection process were resolved by discussion with the third researcher
(MHR).

2.2. Data extraction

Following data were extracted from included studies using a pre-
designed abstraction form: first author's specification, publication year,
location of the study, study design and blinding, total sample size, type
and dose of supplementation and placebo, study duration, character-
istics of subjects (age, gender and health status) and the final result. The
process of data extraction was undertaken independently by two in-
vestigators (SM and HM) to minimize potential errors.

2.3. Quality assessment of studies

Two reviewers (HM and SM) independently evaluated the metho-
dological quality of the eligible studies through Cochrane
Collaboration’s tool including six domains: 1) random sequence gen-
eration; 2) allocation concealment; 3) blinding of participants and
personnel; 4) blinding of outcome assessment; 5) incomplete outcome
data; and 6) selective reporting. Each domain was classified to three
categories: low risk of bias, high risk of bias and unclear risk of bias.
According to guideline, overall quality of individual study was con-
sidered as good (low risk for more than 2 item), fair (low risk for 2 item)
or weak (low risk for less than 2 item).?”

2.4. Statistical analysis

All analyses were performed using STATA software version 12
(STATA corp, College Station, TX, USA). Mean difference (MD) and the
standard deviation (SD) of the anthropometric measurements in inter-
vention and control groups were applied to calculate overall effect size.
The heterogeneity between studies was examined by I-squared (I?). The
level of heterogeneity across studies was rated as low, moderate or high
corresponding to I” value of 0-30%, more than 30%-60% and more
than 60%, respectively. Due to the fact that included RCTs were carried
out in different settings, a random-effects model was used to conduct
meta-analyses. To find the potential sources of between-study hetero-
geneity, we carried out a pre-planned subgroup analysis based on dose
of intervention (“< 2 g/d” or “ > 2 g/d”) and baseline body mass index
(BMI) (“obese” or “overweight and obese”). Sensitivity analysis was
performed to explore the inference of each study on overall effect. We
also assessed publication bias by the Begg-adjusted rank correlation test
and the Egger's regression asymmetry test.”®>° P value < 0.05 was
accepted as statistically significant.

3. Results
3.1. Selection and identification of studies

From a total of 926 publications obtained by initial electronic and
hand search (328 duplicates), 541 articles were excluded because they
were unrelated to the topic. After reading the full text of the remaining
eight papers,’®?°° three studies were further excluded for the fol-
lowing reasons: lack of an appropriate control group,”’ subjects were
infant ®' or children.>* Finally, five eligible RCTs '%**® were included
in the systematic review and meta-analysis. A flow chart the systematic
search and study selection process is presented in Fig. 1.

3.2. Characteristics of studies
Table 1 describes the main characteristics of included studies.

Overall, 7 effect sizes were extracted from 5 RCTs including 145 sub-
jects in Spirulina group and 133 subjects in control group. Mean age of
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Fig. 1. PRISMA flowchart describing the study’s systematic literature search
and study selection.

participants ranged from 26 to 49 years old. Most RCTs (4 of 5) adopted
a parallel design '?**3*3% except for one study which used a crossover
design.”® Studies were published between 1996 and 2018 and were
conducted in Iran,'®>° India,*® Mexico® and Poland.** Dose of Spir-
ulina ranged from 1 to 4.5g/day. The duration of intervention was
varied from 6 to 12 weeks. One study enrolled participants with hy-
percholesterolemia ** and other studies recruited overweight and obese
subjects. 19,34-36

Risk of bias assessed by Cochrane collaboration tool is presented in
Table 2. After evaluating the quality of included studies, the quality
score of four studies were higher than 2 and classified as good quality.
However one study classified as fair quality.

3.3. Effect of Spirulina supplementation on weight

Pooled analysis of 5 RCTs (7 treatment arms) showed that Spirulina
supplementation significantly reduced weight (MD: -1.76 Kg, 95% CL:
-2.65 to -0.88, I* = 48.7%) in comparison with control (Fig. 2). Sub-
group analysis was conducted based on dose of Spirulina and health
status. As illustrated in Fig. 3, subgroup analysis based on dose of

Table 1
Main characteristics of included studies.
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supplementation indicated that there was no difference between low-
dose (MD: -1.55 Kg, 95% CI: -2.11 to -0.98) or high-dose (MD: -1.55 Kg,
95% CI: -2.23 to -0.86) supplementation. Furthermore, subgroup ana-
lysis based on “obese” or “overweight” status showed that Spirulina
supplementation resulted in greater weight reduction in “obese” sub-
group (MD: -2.06 Kg, 95% CI: -2.45 to -1.68) compared with “over-
weight” subgroup (MD: -1.28 Kg, 95% CI: -1.62 to -0.93) (Fig. 4).

3.4. Effect of Spirulina supplementation on other anthropometric
measurements

The effect of the Spirulina supplementation on other anthropo-
metric measurements was shown in Table 3. Pooled analysis revealed
that Spirulina supplementation led to a significant reduction in body fat
percentage (MD: -1.02, 95% CI: -1.49 to -0.54) and waist circumference
(MD: -1.40, 95% CI: -1.40 to -1.39). In contrast, Spirulina had no effect
on BMI (MD: -0.98, 95% CI: -2.06 to 0.18) and waist to hip ratio (MD:
-0.01, 95% CI: -0.02, 0.00).

3.5. Sensitivity analysis

Effect sizes for the impact of Spirulina supplementation on body
weight were robust in the sensitivity analysis, suggesting that omission
of each RCT did not have a significant effect on the results. Also, sen-
sitivity analysis for other anthropometric parameters showed same re-
sults.

3.6. Publication bias

The funnel plot for effect of Spirulina supplementation on body
weight is slightly skewed to the right (Fig. 5). However, filled funnel
plot showed there was no any filled studies (Fig. 6). In addition, Begg's
rank correlation and Egger's weighted regression tests were performed
to explore the publication bias. The results of Begg's test indicated no
publication bias for body weight (P = 0.41) and body fat percent
(P = 0.60) and waist circumference (P = 0.31), BMI (P = 0.43) and
waist to hip ratio (P = 0.57). Moreover, the results of Egger's test
showed no publication bias for body weight (P = 0.81) and body fat
percent (P = 0.98) and waist circumference (P = 0.50), BMI (P = 0.60)
and waist to hip ratio (P = 0.14).

4. Discussion

To the best of our knowledge, meta-analysis ahead is the first one to
evaluate the effects of Spirulina supplementation on obesity. The
findings of the present study support the beneficial effect of Spirulina
on body weight, body fat percentage and waist circumference. The ef-
fects of Spirulina supplementation on BMI and waist-to-hip ratio were

First author Country Sample Target Mean Age  RCT design Duration Dose of Comparison Results
(publication year) size Population (years) (Blinding)  (weeks)  Spirulina
(Male/
Female)
Ramamoorthy et al India 30 Overweight 50 Parallel 12 (2-4g/d) Placebo Significant reduction in
(1996) (NR) hypercholesterolemia patient (No) (NR) BW
Szulinska et al Poland 50 Obese subjects 49.3 Parallel 12 2g/d Placebo Significant reduction in
(2017) (25/25) (Double) (NR) body mass, BMI, and WC
Zeinalian et al Iran 56 Obese subjects 34.75 Parallel 12 1g/d Placebo Significant reduction in
(2017) (9/47) (Double) (NR) BW and BMI
Yousefi et al Iran 52 Obese or overweight subjects 40.16 Parallel 12 2g/d Placebo Significant reduction BW,
(2018) (7/31) (Double) (NR) WC, BF and BMI
Hernandez-Lepe et al Mexico 57 Obese or overweight subjects 26 Crossover 6 4.5g/d Placebo Significant reduction BW
(2018) (NR) (Double) (NR) and BF

NR: not reported, BMI: body mass index, WC: waist circumference, BW: body weight, BF: body fat.
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Table 2
Risk of bias assessment for included randomized controlled clinical trails.
Domain Ramamoorthy et al. (1996) Szulinska et al. ~ Zeinalian et al. (2017) Yousefi et al. Hernandez-Lepe et al. (2018)
(2017) (2018)
Random sequence generation + + + + +
(selection bias)
Allocation concealment ? ? + ? +
(selection bias)
Blinding of participants and personnel (Performance bias) ? + + + +
Blinding of outcome assessment - + + + -
(Detection bias)
Incomplete outcome data (Attrition bias) + + + + +
Selective reporting (Reporting bias) ? - ? + ?
Score 2 4 5 5 4
Overall quality Fair Good Good Good Good
Author (year) WMD (95% CT)%Weight
Ramamoorthy et al (dose 4) (1996) = 150 (-2.16,-0.84)  19.02
Ramamoorthy et al (dose B) (1996) - -1.50 (-2.16,-0.84)  19.02
Yousefi et al (2018) + -1.77 (-2.99,-0.55) 8.86
Szulinska etal (2017) P -3.63 (-12.40,5.14) 023
Hernandez-Lepe et al (overweight) (2018) -+ 1001(:1:51,:0.31) 12351
Hernandez-Lepe et al (obese) (2018) . -2.08 (-2.47,-1.69) 27.22
Zeinalian et al (2017) — -L00(-3.77,1.77) 215
Overall (I-squared = 48.7%, p = 0.069) @ -1.56 (-1.98,-1.14) 100.00
NOTE: Weights are from random effects analysis ;
T

T
-12.4

0 124

Fig. 2. Effect of Spirulina supplementation on body weight compared with placebo.

Subtotal (I-squared=0.0%, p=0.915)

>2g

Ramamoorthy et al (dose B) (1996)
Hernandez-Lepe et al (overweight) (2018)
Hemandez-Lepe et al (obese) (2018)
Subtotal (I-squared = 82.0%, p=0.004)

Overall (I-squared = 48.7%,p=0.069)

NOTE: Weights are from random effects analysis

o OB o

Author (year) WMD (95% CI) % Weight
<2g 3
Ramamootthy et al (dose A) (1996) —:0‘ -1.50(-2.16,-084) 190
Yousefi et al (2018) - -1.77(2.99,-055)  8.86
Szulinska et al (2017) ~— -3.63(-12.40,514) o3
Zeinalian etal (2017) — -L.00(3.77,177) 515

-1.55(2.11,-098) 3025

-1.50(2.16,-084) 1902
-1.01(-1.51,-051) 2351
2.08(-2.47,-169) 2722
-1.55(-2.23,-086) 69.75

-1.56 (-1.98,-1.14) 100.00

T T
-124 0 124

Fig. 3. Effect of Spirulina supplementation on body weight

not statistically significant.

As illustrated in Fig. 7, the underlying mechanisms of anti-obesity
effects of Spirulina has been ill-defined. Some of the proposed me-
chanisms are reduction of macrophage infiltrations into visceral fat,
prevention of liver-lipid accumulation,®” amelioration of oxidative
stress > and appetite decline.?* Obesity is considered as a low-grade

compared with placebo stratified by Spirulina dosage.

inflammation state associated with immune impairment and change in
gut microbiota.'” Spirulina contains many functional bioactive in-
gredients with antioxidant and anti-inflammatory activities, including
phenolic phytochemicals, phycobiliprotein, C-phycocyanin and p-car-
otene. Therefore, it can inhibit inflammatory responses via anti-oxida-
tive and anti-inflammatory mechanisms.’® Phycocyanin scavenges free
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Author (year)

Overweight

Ramamoorthy et al (dose B) (1996)
Hernandez-Lepe et al (overweight) (2018)
Ramamoorthy et al (dose A) (1996)
Subtotal (I-squared = 0.0%, p = 0.373)

Obese

‘WMD (95% CI)%Weight

-1.50 (-2.16, -0.84)
-1.01 (-1.51,-0.51)
-1.50 (-2.16,-0.84)
-1.28 (-1.62,-0.93)

Szulinska etal (2017)
Hernandez-Lepe et al (obese) (2018)
Zeinalian et al (2017)

Subtotal (I-squared = 0.0%, p = 0.706)

Overall (I-squared = 57.1%, p = 0.040)

NOTE: Weights are from random effects analysis

-3.63 (-12.40, 5.14)
-2.08 (-2.47,-1.69)
-1.00 (-3.77,1.77)

-2.06 (-2.45,-1.68)

-1.54 (-2.01,-1.06)

21.26
25.56
21.26
68.09

0.29
28.94
2.69
3191

100.00

T
-124

T
0 124

Fig. 4. Effect of Spirulina supplementation on body weight compared with placebo stratified by baseline body weight status.

Table 3

Effect of Spirulina supplementation on other anthropometric parameters.

Anthropometric parameters No. of studies Effect size' 95% CI 2 (%) P for heterogeneity
Body mass index 3 -0.94 —2.06, 0.18 99.9% 0.0001 >
Body fat percent 3 —-1.02 —1.49, -0.54 72.4%, 0.027
Waist circumference 2 —1.40 —1.40, -1.39 100.0% 0.0001 >
Waist to hip ratio 2 -0.01 -0.02, 0.00 0.0%, 0.550
Funnel plot with pseudo 95% confidence limits radicals, suppresses nitric oxide synthase expression and nitrite pro-
1 e e duction, and inhibits lipid peroxidation. Also Phycocyanin is a selective
VA AN cyclooxygenase-2(COX-2) inhibitor.”’*** p-Carotene protects against
-1 // \\ singlet oxygen-mediated lipid peroxidation, interacts with the in-
// ° \\ tracellular accumulation of reactive’ oxygen species (ROS), and inhibits
A p P \\ expression of 1nﬂ.amma.tory genes.”? Splr.uhna also regula.tes some sig-
s J/ N naling pathways including extracellular signal-regulated kinase (ERK1/
e // \\ 2), c-Jun N-terminal kinase (JNK), p38, and inhibitor of nuclear factor
P4 N kappa-B kinase subunit beta (IKK-f3), resulting in antioxidant and anti-
ya \ inflammatory effects.”®>** Furthermore, Spirulina has an ameliorating
1 AN impact on insulin resistance in human and experimental studies®>~*”
/ o N because of its anti-oxidative and anti-inflammatory effects and its role
i in stimulating of insulin secretion. Studies showed that experimental
10 P 0 5 10 blockage of hyperinsulinemia may prevent obesity. Another important
WMD

Fig. 5. Funnel plot for evaluation publication bias.

Filled funnel plot with pseudo 95% confidence limits

theta, filled
o
1

-10

T
2
s.e. of: theta, filled

|

Fig. 6. Filled funnel plot showing filled studies.

finding of the present study revealed that weight change in obese
subjects was greater than overweight participants following Spirulina
supplementation. Spirulina has noticeable immunomodulatory and
anti-inflammatory effects which can attenuated obesity-induced pro-
inflammatory cytokines."® Therefore, it is reasonable to observe greater
impact of Spirulina in obese participants.

Spirulina may have microbial-modulating activity. Therefore, its
anti-obesity effects may be achieved by changing the gut microbiota
composition and promoting beneficial bacterial growth.'”** Moreover,
Spirulina may exert an inhibitory impact on jejunal cholesterol ab-
sorption and pancreatic lipase. It seems that C-phycocyanin is the major
responsible compound for this effect.**>°

Also, Spirulina may be effective on lowering weight by affecting
appetite and related adipokins. Appetite controlling effect of Spirulina
has been indicated in some interventional studies.”’>? It is suggested
that phenylalanine content of Spirulina may be responsible for chole-
cystokinin release which affects the appetite center in the brain. In
addition, Spirulina can improve leptin secretion from visceral fat and
improve leptin resistance.® Impaired leptin synthesis or sensitivity is
involved in disturbances of energy homeostasis and obesity.””



S. Moradi, et al.

Complementary Therapies in Medicine 47 (2019) 102211

: i i Appetite controlling
Absorption o N} Insulin resistance | |Appeti g
Microbial- N} Oxidative stress ‘ 1} Adiponectin ‘
modulating
{} Cholesterol absorption ‘ iy Inflammatory {0 Leptin
condition
L )
Y
O Obesity

Fig. 7. An overview of various possible mechanisms involved in the effect of Spirulina on obesity.

Adiponectin, which has been considered as a therapeutic target in
obesity,” is shown to be raised following Spirulina supplementation.””

In toxicological studies conducted on animals and humans, no toxic
or side effects were reported for Spirulina. So, Spirulina is generally
considered safe for human and its side-effects are negligible in routine
dosage. The Food and Drug Administration (FDA) has categorized
Arthrospira products as "generally recognized as safe" for human con-
sumption and the Dietary Supplements Information Expert Committee
(DSI-EC) concluded that there is not a serious health risk for
Spirulina.®® However, rare potential adverse effects for Spirulina were
reported in some case reports including acute rhabdomyolysis and
anaphylaxis.'” It is better to consider an allergy risk assessment before
supplementation.

The present meta-analysis had some limitations that need to be
acknowledged. Limited number of studies is the most important lim-
itation of this systematic review and meta-analysis. More studies should
be conducted in this field. Also, duration of intervention could con-
found the results. Because of low number of studies, we could not run
subgroup analysis based on duration of study. In addition, there are
several clinical research challenges (including complexity of interven-
tion, organization, budget, subject availability and teamwork) that may
affect results of a clinical trial.>” Unfortunately, the contribution of each
challenges was not determined in included studies. It is possible that
final findings confounded by these factors. Another issue which should
be addressed is clinical goal in RCTs. Although some studies reported a
statistically significant improvement in obesity measurements, results
may be not clinically significant. It means that intervention could not
achieve clinical goal. In management of obesity, body fat should be
significantly reduced (5% of current body weight) and patient should
be able to be normal-weight for long-term.>® Included studies did not
discuss regarding achievement clinical goal. It is suggested that future
studies focus on this topic.

The main strength of the current study is that our findings can be
used directly in practice. In addition, we showed that weight status of
individuals have important role on efficacy of Spirulina supplementa-
tion.

5. Conclusion

Findings of the present study suggest that Spirulina supplementa-
tion significantly reduces body weight, body fat percentage and waist
circumference, but has not effect on BMI and waist to hip ratio.
Subgroup analyses indicate that the impact may more pronounced on
obese subjects rather than overweight individuals. For future studies
conducting more specific interventions according to different age or
gender groups is suggested.
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