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Abstract

Background and Aim Weight management remains a global health concern, with increasing interest in nutritional
interventions to support healthy body composition. In recent years, the potential role of supplements like Spirulina
has gained considerable attention as a possible intervention. This meta-analysis aims to evaluate the effectiveness
of Spirulina supplementation on body composition in adults.

Methods A comprehensive search strategy was conducted across online databases to find relevant RCTs from incep-
tion until December 2024. The primary endpoints were changes in anthropometric indices. Meta-analysis and meta-
regression were performed using STATA software, and sensitivity, subgroup, and publication bias analyses were

also conducted.

Results The pooled analysis of 17 RCTs indicated that Spirulina supplementation significantly reduced body weight
(BW) (WMD: -1.07 kg; p=0.004), body mass index (BMI) (WMD: -0.40; p=0.025), body fat percentage (BFP) (WMD:
-0.84%; p=0.002), but had no significant effects on waist circumference (WC) (WMD: -0.46 cm; p=0.280). Based

on Egger’s regression test, there is no publication bias for BW (p=0.097), BMI (p=0.382), BFP (p=0.945), and WC
(p=0.488). A significant dose—response effect on BMI and intervention dose (Coefficient: -0.17, P=0.007) and duration
(Coefficient: 0.13, p=0.042).

Conclusion Spirulina supplementation effectively reduces BW, BMI, and BFP, with stronger effects at higher doses
and longer durations, especially in obese or older individuals. While no significant change in WC was observed overall,
subgroup analyses suggest potential benefits for specific populations, emphasizing the importance of personalized
supplementation strategies.
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Introduction

Obesity is a rapidly growing global health issue and a
major driver of chronic conditions, including cardiovas-
cular disease, type 2 diabetes, and certain cancers. Over-
weight and obesity significantly increase the risk of these
diseases [1, 2]. Since 1975, obesity rates have nearly tri-
pled worldwide, with over 1.9 billion adults now classi-
fied as overweight and more than 650 million considered
obese [3]. The growing impact of obesity emphasizes the
need for effective weight management interventions to
reduce health risks and ease the burden on individuals
and healthcare systems. Evidence shows that promoting a
healthy diet and regular physical activity can significantly
reduce body weight and fat stores [4, 5]. Additionally,
various dietary supplements have emerged as potentially
valuable tools for supporting weight management and
improving body composition and metabolic parameters
[6, 7]. The best approach for weight reduction should be
chosen based on various factors, including health status,
lifestyle, and the self-selection of a healthcare profes-
sional [8].

Marine-based supplements, such as Spirulina (Arthrospira
platensis L.), are an important source of bioactive com-
pounds, including phenolic compounds, carotenoids,
tocopherol, proteins, n-3, and n-6 fatty acids [9]. Spirulina,
a group of cyanobacteria belonging to the Spirulina and
Arthrospira genera, has been reported to possess various
biological potentials, including antioxidant and hyperlipi-
demia activity, due to the interaction of its phytochemicals
with free radicals that inhibit lipid peroxidation [9]. Prelimi-
nary research suggests that Spirulina supplementation may
aid in weight reduction, improve lipid profiles, and reduce
inflammation, factors that can be beneficial in managing
obesity [10—14]. However, while individual studies on Spir-
ulina and body composition have shown promising results,
findings have been mixed, with some studies reporting sig-
nificant effects and others observing minimal or no impact
[15-17].

This study aims to evaluate the effects of Spirulina
supplementation on body composition through a dose—
response meta-analysis of randomized clinical tri-
als (RCTs). Additionally, the GRADE approach will be
applied to assess the quality and reliability of the evi-
dence, providing a comprehensive analysis of Spirulina’s
potential in obesity management and informing clinical
practice and future research.

Methods

Study design and registration

This study was conducted following the latest version of
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [18]. The
study protocol has been registered in the International
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Prospective Register of Systematic Reviews (PROSPERO)
under the registration number CRD42022342945.

The PICO (Participant, Intervention, Comparison,
and Outcome) framework [19], was used to define the
study design, with adult individuals as participants, oral
Spirulina supplementation as the intervention, placebo
or control as the comparison, and body composition
indices—including body weight (BW), body mass index
(BMI), body fat percentage (BFP), and waist circumfer-
ence (WC)—as the outcomes.

Search strategy

A comprehensive systematic search was conducted in
PubMed, Scopus, and Web of Science databases to iden-
tify relevant studies up to December 2024, using MeSH
terms and keywords related to Spirulina and body com-
position outcomes. The search included intervention
terms such as "Spirulina” and outcome terms like "body
composition” and "anthropometric indices". These terms
were combined with Boolean operators: ("Spirulina”
OR "blue-green algae" OR "Arthrospira platensis”) AND
("body composition" OR "anthropometric" OR "body
index" OR "body weight" OR "BMI" OR "body mass" OR
"body fat" OR "fat percentage” OR "waist circumference"
OR "hip circumference"). No filters or search limits were
applied, and a manual search and reference check were
performed to ensure all relevant articles were included.
The full search query can be found in the supplementary
materials.

Eligibility criteria

Studies were included if they met the following crite-
ria: (1) randomized parallel or cross-over clinical tri-
als, (2) conducted on the human population, (3) adults,
(4) administered Spirulina without any additional com-
pound, and (5) involved at least four weeks of interven-
tion. No limitations were applied regarding gender, year,
or individuals with underlying diseases. Review/meta-
analysis, observational studies, letters to the editor, ani-
mal studies, and studies lacking a control group were
excluded. Additionally, studies were excluded if they met
any of the following criteria: (1) cohort, cross-sectional,
or case—control design, (2) review articles, (3) ecologi-
cal studies, (4) intervention in the control group, (5) tri-
als without a placebo or control group, or those that were
not randomized and/or were conducted on offspring or
teenagers.

Screening and selection

The systematic search results were imported into an End-
Note library for further analysis. The screening process
was carried out by two distinct researchers (M.Y.L. and
M.A.S.), who meticulously conducted title and abstract
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screening. During this step, duplicate and irrelevant arti-
cles were excluded, ensuring only relevant studies pro-
ceeded to the next stage. Articles that met the established
eligibility criteria were then included for full-text screen-
ing and data extraction, which allowed for a thorough
evaluation of each study’s quality and relevance to the
research objectives.

Data extraction

The study variables were extracted in the full-text eval-
uation, including the first author, year of publication,
publication location, sample demographics, and body
composition indices. Primary endpoints were identified
as changes in BW and BMI, while secondary endpoints
included BFP and WC. Data from the control and inter-
vention groups were recorded as mean*SD. In cases
where studies lacked SD changes, mathematical equa-
tions were used to derive the mean and SD. The risk of
bias was assessed using the Cochrane checklist to ensure
the reliability and validity of the included studies.

Risk of bias assessment

The quality assessment of the included studies was con-
ducted using the Cochrane Risk-of-Bias 2 (RoB-2) tool,
which evaluates five key domains: bias arising from the
randomization process (D1), bias due to deviations from
the intended intervention (D2), bias due to missing out-
come data (D3), bias in the measurement of the outcome
(D4), and bias in the selection of the reported result (D5)
[20]. Each domain was judged as having a low risk of bias,
some concerns, or a high risk of bias. Two independent
reviewers (O.A. and S.P.) assessed the risk of bias for each
study, and any discrepancies were resolved through dis-
cussion or consultation with a third reviewer (M.K.). The
overall risk of bias for each study was determined based
on the highest level of risk identified in any domain, with
studies receiving an overall judgment of high risk if at
least one domain was rated as high risk and some con-
cerns if any domain raised uncertainties.

Certainty evidence assessment by GRADE

The quality of evidence retrieved from the meta-analysis
was assessed using the GRADE (Grading of Recommen-
dations, Assessment, Development, and Evaluation) pro-
tocol. In accordance with this approach, the assessment
was based on factors such as risk of bias, inconsistency,
indirectness, imprecision, and publication bias. The over-
all quality of evidence was then classified as very low, low,
moderate, or high [21].
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Statistical analysis

The meta-analysis was conducted using STATA software
(StataCorp LLC, USA) version 17. We used the random
effect model by the DerSimonian Laird method to esti-
mate the weighted mean difference (WMD) and 95%
confidence (95% CI). If any variables contained fewer
than five articles, we conducted a meta-analysis using
the Hartung-Knapp-Sidik-Jonkman method [22]. Addi-
tionally, when mean changes were not reported, we cal-
culated them by using this formula: mean change =final
values — baseline values, and SD changes were calculated
by following the formula [23]:

SD change = \/[(SD baseline)? 4 (SD final)2 — (2R x SD baseline x SD)

Moreover, we converted standard errors (SEs), 95%
confidence intervals (Cls), and interquartile ranges
(IQRs) to SDs using the method of Hozo et al. [24]. The
heterogeneity among studies was analyzed by the Q test
and the 12 index statistic [25]. 12>40% or P-value<0.05
was considered high between-study heterogeneity.in
order to detect potential sources of heterogeneity [26].
We also conducted sensitivity and subgroup analyses for
our primary endpoints [27]. Subgroup analysis was con-
ducted by stratifying studies based on the duration and
dose of the intervention, as well as health status. The
publication bias analysis was performed using the Egger
linear regression and Begg rank correlation tests [28].
The Funnel plot was also used to demonstrate the result
of publication bias. In addition, meta-regression and
non-linear dose—response analysis were done to identify
the effect of dose on primary endpoints [29]. Fractional
polynomial modeling was used to investigate the pos-
sible non-linear dose-response relationship between
the changes in dosage and duration of Spirulina supple-
mentation and changes in effect sizes. Meta-regression
analysis was used to determine the relationship between
pooled effect size and Spirulina dosage (g/day) and length
of intervention.

Results

Study selection

The study selection process began with identifying 1458
records from database searches, including PubMed
(n=276 records), ISI Web of Science (#=530 records),
and Scopus (n=652). After removing 331 duplicates,
1127 documents were screened. Of these, 1100 articles
were excluded based on title and abstract as they were
irrelevant to the subject. This left 27 full-text articles
that were assessed for eligibility. Finally, 10 articles were
excluded for not reporting the desired data, resulting in
17 studies included in the systematic review [30—-46]. The
study flowchart is presented in Fig. 1.
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Fig. 1 PRISMA Flow chart of study selection for inclusion trials in the systematic review

Study characteristics

The general characteristic of the included studies is pre-
sented in Table 1. The locations of the included studies
were Iran [34-36, 38—46], Poland [32, 33], Mexico [37],
and India [30]. The study design was an RCT in nine
studies, and only one study had a crossover design [37].
The sample size ranged between 20 and 80, and the inter-
vention duration ranged from 4 to 12 weeks. Also, the
supplementation dose was between 1.5 g/day and 6 g/day.
Four studies were conducted on participants with under-
lying diseases [30, 32, 33, 36]. In addition, four studies
assessed the effect of training in conjunction with sup-
plementation [36, 37, 39, 44]. Overall, 888 participants
(intervention =447, control=441) were recruited in this
meta-analysis.

Risk of bias assessment

The quality assessment using the Cochrane RoB-2 tool
showed that most studies had a low risk of bias across
all five domains. However, in multiple studies, some
concerns were noted in the randomization process (D1)
and the selection of the reported result (D5). A high
risk of bias was observed in a few cases, particularly in
deviations from the intended intervention (D2) and

measurement of the outcome (D4), such as in Ngo-Matip
etal. (2014) [31] and Malekaneh et al. (2022) [43]. Despite
these concerns, the majority of studies were rated as hav-
ing a low overall risk of bias, indicating strong methodo-
logical quality in most included studies (Fig. 2).

Effect of spirulina on Body Weight (BW)

Eleven trials (16 effect sizes), including 649 participants
(intervention =327, control=322), reported the effect of
supplementation with Spirulina compared to placebo on
weight. The combination of effect sizes obtained from the
random-effects model showed a significant result in body
weight changes (WMD: -1.07 kg; 95% CI: -1.94, -0.21;
P=0.004), with a low degree of heterogeneity (12=39.5%,
P=0.053) (Fig. 3A). The subgroup analysis indicated that
taking a Spirulina supplement for over 12 weeks, more
than 2 g/day, and when obese people were recruited,
reduced weight (P=0.03) (Table 2).

Effect of spirulina on BMI

The impact of Spirulina supplement versus placebo on
BMI was indicated in 16 effect sizes with 748 (interven-
tion=377, control=371) subjects. Polling the effect sizes
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Risk of bias domains
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Effect % Effect %
Study (95% C1) Weight Study (95%C1) Weight
Ramamoorthy et al. 1996 (A) e +1.50(-4.39, 1.39) 648 Ngo-Matip et al.2014 —— 0.96 (-0.12, 2.04) 6.61
Ramamoorthy et al.1996 (8) —0‘:—— 1,50 (-4.45, 1.45) 629 Miczke et al. 2016 —— -2.10(-2.94,-1.26) 8.66
Miczke et al. 2016 —_—— : 7.10(-10.80, -3.40) 44 Zeinalian et al. 2017 —— 0.40 (-1.40, 0.60) .21
Zeinalian et al. 2017 _0—— -0.98 (-5.18,3.22) 360 Szulinska et al. 2017 ————— -1.80(-3.98, 0.38) 2.30
Saulinska et al. 2017 —_—— -3.63(-9.88,2.62) 177 Yousefi et al. 2018 — 0.60 (-1.07,-0.13) 13.04
Yousefi et al. 2018 —"-‘- 1.77(-2.99, -0.55) 16.02 Herndndez-Lepe et al.2019 (A) e — e — 0.50(-3.03, 2.03) 177
Shariat et al. 2019 —‘0—_ -0.98(-5.18,3.22) 360 Hernandez-Lepe et al.2019 (B) ——— -0.40(-1.81,1.01) 464
Moradi et al. 2021 e 0.24(-0.41,0.89) 2075 Akbarpour et al. 2019 (A) _— -1.69 (-4.35,0.97) 161
Golestani et al. 2021 ———————— 1.24(-5.61,8.09) 149 Akbarpour et al. 2019 (8) S S — <0.56(-2.46, 1.34) 29
Mazloomi et al. 2022 —‘0—' -0.98(-2.26,0.30) 1550 Shariat et al. 2019 S———— -0.40 (-1.40, 0.60) 721
Nobari et al. 2022 —_— 0.50 (-5.28, 4.28) 288 Moradi et al. 2021 e 0.06 (-0.31,0.19) 15.53
Bagheri et al. 2022 —_—— -0.55 (-5.68, 4.58) 254 Golestani et al. 2021 P — 0.52(-1.24,2.28) 328
Malekaneh et al. 2022 (A) —0——— -2.16(-8.03,3.71) 199 Mazloomi et al. 2022 —y -0.38 (-0.83,0.07) 1321
Malekaneh et al. 2022 (8) _;—*— 0.55(-6.07,7.17) 159 Nobari et al. 2022 — f— 0.20(-2.10, 1.70) 289
Tamtaji et al. 2023 — 0.00(-1.98, 1.98) 1055 Tamtaji et al. 2023 pf— 0.10(-0.80, 1.00) 812
Armannia et al. 2023 : 0.79 {-12.38, 10.80) 054 Armannia et al. 2023 -0.10(-3.53,3.33) 1.01
Overall, DL (1" = 39.5%, p = 0.053) O <107 (-1.94,-0.21) 100.00 Overall, DL {1 = 54.0%, p =0.005) 0 0.41(-0.76, -0.05) 100.00

r T T T

-10 o 10 -5 4] s

NOTE: Wesghts are o effects model WMD (kg) NOTE: Wesghts are from random efects model WMD (kg/m2)

A) Body weight (BW) B) Body mass index (BMI)
Effect % Effect %
Study (95% C1) Weight Study (95% C1) Weight
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WMD (kg)

C) Body fat percentage (BF%)

Yousefi et al. 2018 R 0.41(-1.27,045)  39.40 Yousefi et al. 2018 e -0.41(-1.27,045)  39.40
Hernandez-Lepe et al.2019 (A) 1.00(-4.54,254) 232 Hernandez-Lepe et a1.2019 (A) 1.00(-454,2.54) 232
Hernandez-Lepe et al.2019 (8) p— 0.10(-3.10, 3.30) 283 Hernandez-Lepe et al.2019 (8) .- 0.10(-3.10, 3.30) 283
Akbarpour et al. 2019 (A) —_—t 093(3.69,1.83) 383 Akbarpour et al. 2019 (A) B 093(369,1.83) 383
Akbarpour et al. 2019 (8) _— -0.86(300,1.28) 636 Akbarpour et al. 2019 (8) _— -0.86(-300,1.28) 636
Golestani et al. 2021 —_— 137(:338,064) 7.8 Golestani et al. 2021 —_— -1.37(-338,064) 7.8
Nobari et al. 2022 —_— -030(-192,1.32)  11.06 Nobari et al. 2022 e -030(-192,132)  11.06
Bagheri etal. 2022 —_— -1.65(-2.69,-0.61)  27.02 Bagheri et al. 2022 —_— -165(-2.69,-0.61)  27.02
Overall, OL (1" = 0.0%, p = 0.740) O -0.85(-1.39,-0.31)  100.00 Overall, DL (1" = 0.0%, p = 0.740) O -0.85(-1.39,-0.31)  100.00

T T T T

-5 0 5 5 0 5

NOTE. Weights are from random-effects mode!

WMD (kg)

D) Waist circumference (WC)

Fig. 3 Forest plot demonstrating the weighted mean difference (WMD) and 95% confidence intervals (Cls) for the effect of spirulina
supplementation on: A) body weight (BW), B) body mass index (BMI) (kg/m2), C) body fat percentage (BF%), D) waist circumference (WC) in adults

by random-effects model showed a significant effect on
BMI (WMD: -0.40; 95% CI: -0.76, -0.05; p=0.025), with
a moderate degree of heterogeneity (I*=54.0%, p=0.005)
(Fig. 3B). Furthermore, after analysis of the subgroup,
significant changes in BMI were observed in obese peo-
ple over 40 years of age. (Table 2).

Effect of spirulina on BFP

The pooled analysis of 8 study arms demonstrated that
the supplementation of Spirulina leads to a significant
decrease in body fat percentage (WMD: -0.84%; 95% CI:
-1.38, -0.31; p=0.002), without heterogeneity (12=0.0%,
p=0.740) (Fig. 3C). In addition, subgroup analysis
showed that Spirulina can reduce body fat percent-
age in males when short-term (less than 12 weeks) and
high-dose (equal to or more than 2 g/day) intervention
(Table 2).

Effect of spirulina on WC

A total of 6 studies, including 312 subjects, evaluated the
effect of the Spirulina supplement on WC. The result-
ing pooled estimate from the random-effects model
indicated that the Spirulina intervention did not signifi-
cantly change WC (WMD: -0.46 cm; 95% CI: -1.30, 0.37;
p=0.280) with a low heterogeneity (12=0.0%; p=0.517)
(Fig. 3D). However, subgroup analysis demonstrated that
a high dose (equal to or greater than 2 g/day) of spirulina,
intervention on people older than 40 years and obese,
leads to reduced WC (Table 2).

Sensitivity analysis

Each study was step-wise removed from the overall
analysis to determine the effect of individual studies on
the combined effect size. The result of the sensitivity
analysis showed that when the studies of Miczke et al.
[32] (WMD: -0.41; 95% CI: -0.88, 0.05) and Yousefi et al.
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Table 2 Subgroup analyses of spirulina intervention on anthropometric incidence

No. of ES WMD (95%Cl) P-value Heterogeneity
P heterogeneity 12 (%)
Effect of Spirulina on body weight (BW) (kg)
Overall effect 16 07 (-1.94,-0.21) 0.015* 0.053 39.5%
Duration (week) 212 8 79 (-3.09, -0.49) 0.007* 0.113 39.9%
<12 8 -0.03 (-0.59, 0.53) 0914 0.831 0.0%
BMI (kg/m?) Normal (< 25) 2 -0.69 (-1.76,0.38) 0.208 0415 0.0%
Overweight (25-29.9) 4 69 (-5.61,2.22) 0.397 0.002 79.8%
Obese (=30) 5 71(-2.81,-0.60) 0.002* 0.960 0.0%
Age (year) <40 7 -0.05 (-0. 51) 0.860 0.699 0.0%
>40 5 -244 (-4.78,-0.09) 0.041* 0.022 64.9%
Dose (g/day) >2 8 7 (-3.00,-0.74) 0.001* 0.185 30.4%
<2 8 0.14 (-0.44,0.73) 0.630 0.985 0.0%
Gender Both 11 -1.24 (-2.28,-0.21) 0.018* 0.007 58.6%
Male 3 -0.79 (-4.12,2.54) 0.642 0.829 0.0%
Female 2 0.07 (-3.85,3.98) 0.972 0.683 0.0%
Effect of Spirulina on body mass index (BMI) (kg/m?)
Overall effect 16 -0.40 (-0.76,-0.05) 0.025* 0.005 54.0%
Duration (week) >12 9 -0.52(-1.12,0.07) 0.089 0.002 66.7%
<12 7 4(-0.35,0.07) 0.196 0.746 0.0%
BMI (kg/m?) Normal (< 25) 2 -0.28 (-0.68,0.12) 0.173 0.350 0.0%
Overweight (25-29.9) 7 -0.30(-1.13,0.51) 0463 <0.001 76.9%
Obese (=30) 7 -0.59(-0.96,-0.21) 0.002* 0.900 0.0%
Age (year) <40 8 .11 (-0.32,0.08) 0.255 0464 0.0%
>40 7 -0.93 (-1.68,-0.17) 0.016* 0.019 60.4%
Dose (g/day) >2 9 -0.58 (-1.19,0.01) 0.056 0.004 64.6%
<2 7 -0.09 (-0.31,0.13) 0416 0.804 0.0%
Gender Both 10 -0.42 (-0.85, 0.00) 0.053 <0.001 70.6%
Male 2 -0.42 (-1.65, 0.80) 0499 0.946 0.0%
Female 4 -0.27 (-1.26,0.71) 0.584 0.581 0.0%
Effect of Spirulina on Body Fat Percentage (BFP)
Overall effect 8 -0.84 (-1.38,-0.31) 0.002* 0.740 0.0%
Duration (week) >12 3 -0.40 (-1.21,0.40) 0.322 0.903 0.0%
<12 5 20 (-1.92,-048) 0.001* 0.723 0.0%
BMI (kg/m?) Overweight (25-29.9) 4 -0.66 (-1.69, 0.36) 0.203 0.821 0.0%
Obese (=30) 3 -0.48 (-1.28,0.31) 0.235 0.900 0.0%
Age (year) <40 3 -0.96 (-2.49,0.57) 0.219 0.748 0.0%
>40 3 -0.50 (-1.27,0.25) 0.194 0.885 0.0%
Dose (g/day) >2 4 -0.38(-1.11,0.33) 0.294 0.975 0.0%
<2 4 42 (-2.23,-0.62) 0.001* 0.902 0.0%
Gender Both 1 -041(-1.26,0.44) 0.349 - -
Male 3 44 (-2.40,-0.49) 0.003* 0576 0.0%
Female 4 -0.78 (-1.79,0.23) 0.130 0.877 0.0%
Effect of Spirulina on waist circumference (WC) (cm)
Overall effect 6 -046 (-1.30,0.37) 0.280 0517 0.0%
Duration (week) >12 4 -1.29 (-2.53,-0.05) 0.040* 0.927 0.0%
<12 2 0.24 (-0.89,1.39) 0.672 0462 0.0%
BMI (kg/m?) Normal (< 25) 1 -0.62(-3.19,1.95) 0.637 - -
Overweight (25-29.9) 1 046 (-0.81,1.73) 0.480 - -
Obese (=30) 4 -1.29 (-2.53,-0.05) 0.040 0.927 0.0%
Age (year) <40 4 0.03(-0.97,1.03) 0.952* 0.764 0.0%
>40 2 -1.58(-3.10, -0.06) 0.041* 0.838 0.0%
Dose (g/day) 22 3 -1.33(-2.64,-0.02) 0.045% 0.801 0.0%
<2 3 0.14 (-0.94,1.24) 0.790 0.648 0.0%

ES Effect size, C/ Confidence interval, BW Body weight, BMI Body mass index, BFP Body fat percentage, WC Waist circumference, Int. Intervention, Cont. Control
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Fig.4 Funnel plots demonstrating the publication bias for the effect of spirulina supplementation on body weight (BW), body mass index (BMI),

Body Fat Percentage (BF%), and waist circumference (WC)

(WMD: -0.90; 95% CI: -1.80, 0.00) were excluded, the
overall results for body weight changed significantly.
On the other hand, with the study of Yousefi et al. 2018
[35] (WMD: -0.038; 95% CI: -0.78, 0.01) removed from
the analysis, the overall results for BMI changed, also, by
excluding the study by Moradi et al. [40] (WMD: -1.16;
95%CI: -2.28, -0.05), the results for WC changed signifi-
cantly. Finally, for BFP, the result changed after the study
of Bagheri et al. was excluded. 2022 (WMD: -0.55; 95%CI:
-1.18, 0.07).

Publication bias

Egger’s regression tests refused to verify the publication
bias for BW (P=0.09), BMI (P=0.38), BFP (p=0.94), and
WC (p=0.48). The funnel plots demonstrate the same
results (Fig. 4).

Linear meta-regression and non-linear dose-response
Linear meta-regression and non-linear Dose—response
analysis were performed for BW based on dose and

duration, but only this analysis was significant for BMIL.
Based on the dose—response analysis, a significant dose—
response effect on BMI and intervention dose (Coef-
ficient: -0.17, p=0.007) and duration (Coefficient: 0.13,
p=0.042) (Supplementary Table 3, Figs. 5 and 6).

GRADE assessment

The GRADE assessment indicated that Spirulina sup-
plementation had a high-quality effect on reducing BW
and BFP, while its impact on BMI and WC was rated as
moderate quality. Despite a serious risk of bias in all out-
comes, no major limitations were found in most domains
except for inconsistency in BMI and imprecision in WC
(Table 3).

Discussion

Obesity and overweight have become increasingly prev-
alent global health issues over the past few decades,
prompting the use of various interventions like dietary
changes, medications, and surgeries. In this context, the
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Fig. 5 Non-linear dose-response relations and absolute mean differences of dose (mg/day) and duration (week) of spirulina supplementation

for body weight (BW) and body mass index (BMI)

potential of Spirulina supplementation as an alternative
treatment for weight management has gained attention.
Our meta-analysis provides compelling evidence that
Spirulina supplementation has a significant positive
impact on body composition, particularly by reducing
BW, BMI, and BFP. The most pronounced effects were
observed at higher doses (>2 g/day) and longer supple-
mentation periods (>12 weeks), suggesting that these
factors may play a critical role in maximizing the ben-
efits of Spirulina. Additionally, the effects were more
substantial in obese individuals and those over the age
of 40, indicating that Spirulina may be especially ben-
eficial for these populations. While no significant change
was observed in WC across the overall sample, subgroup
analyses revealed reductions in WC in specific groups,
which suggests that the impact of Spirulina could vary
depending on individual characteristics. These find-
ings underscore the importance of tailoring Spirulina
supplementation to the particular needs of individuals,
taking into account factors like dosage, duration, and

demographic characteristics. Overall, Spirulina shows
promise as a supplementary approach to improving body
composition, particularly when used strategically in the
right contexts.

Supplementation can play a role in altering body com-
position in individuals with obesity, especially in those
with sedentary lifestyles and underlying diseases. Sup-
plements such as proteins, Omega-3 fatty acids, Vitamin
D, and Fiber can be used as additive therapies alongside
diet and physical exercise in individuals with obesity [47,
48]. Blue-green algae, also known as cyanobacteria, are a
type of photosynthetic bacteria that can be found in both
saltwater and freshwater environments [49]. Some types
of blue-green algae, such as Spirulina and Chlorella, are
used as dietary supplements and are marketed as super-
foods due to their high nutrient content [50]. Spirulina is
low in calories and high in protein (approximately 60%),
making it one of the most protein-dense and also one of
the most suitable supplements for individuals with obe-
sity [51]. Considering its high protein content, it can also
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Table 3 GRADE profile for the effect of Spirulina supplementation on anthropometric indices in adults

Outcome Risk of bias Inconsistency  Indirectness Imprecision Publication Summary of evidence Quality
Bias of evidence
Sample size Effect size
(Int./ Cont,) (95%Cl)
BW Serious limita- No serious No serious No serious No serious 649 -1.07 XN 1@)
tion limitation limitation limitation limitation (327/322) (-1.94,-0.21) High
BMI Serious limita- Serious limita- No serious No serious No serious 748 -0.40 00
tion tion ! limitation limitation limitation (377/371) (-0.76, -0.05) Moderate
BFP Serious limita- No serious No serious No serious No serious 198 -0.84 [CXCEETO)
tion limitation limitation limitation limitation (99 /99) (-1.38,-0.31) High
wc Serious limita- No serious No serious Serious limita- No serious 312 -0.46 00
tion limitation limitation tion ? limitation (158/154) (-1.30,0.37) Moderate

1. There is moderate heterogeneity for BMI (1> = 54%)

2.There is no evidence of significant effects of Spirulina on WC

Cl Confidence interval, BW Body weight, BMI Body mass index, BFP Body fat percentage, WC Waist circumference, Int. Intervention, Cont. Control

play a critical role in satiety and reducing appetite, which
can help weight management [15]. Spirulina contains
some components, such as phycocyanin, polysaccharides,

and carotenoids, which can be associated with anti-
inflammatory properties [52]. It can inhibit the produc-
tion of pro-inflammatory cytokines via the inhibition
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of the nuclear factor-kappa B (NF-kB) pathway [53]. In
addition, Spirulina can reduce inflammation through its
antioxidants, such as phycocyanin, beta-carotene, and
vitamin E, which can neutralize reactive oxygen species
(ROS) and reduce oxidative stress, leading to a decrease
in inflammation [54]. Thus, given the potential of Spir-
ulina in reducing inflammation and oxidative stress, it
can be effective in obesity management by reducing insu-
lin sensitivity, improving metabolism, and increasing the
capacity for physical exercise [55].

The subgroup analysis revealed that Spirulina supple-
mentation at an optimal dose of 2 g/day over a 12-week
period effectively reduced weight in individuals with obe-
sity. This effect may be attributed to a physiological thresh-
old, where doses beyond 2 g/day fail to provide additional
metabolic benefits. Potential tolerance to higher doses
over time could also play a role, as the body may adapt to
the supplement’s effects. Additionally, at higher doses, the
body might prioritize maintaining other metabolic pro-
cesses rather than focusing on further weight reduction.
These findings underscore the importance of identifying
and adhering to optimal dosing strategies for maximizing
the benefits of Spirulina supplementation.

Interestingly, we observed better results in supple-
mentation in obese patients with underlying disease and
those without training. This finding suggests Spirulina
may benefit individuals with obesity, underlying health
conditions, sedentary lifestyles, and limited physical
activity. This issue can raise the importance of supple-
mentation in the management of obesity, especially in
individuals with obesity who have sedentary lifestyles
and limited physical activity. We can justify this issue
for several reasons. First, individuals with obesity may
be at risk of nutrient deficiencies due to limited food
intake, poor dietary choices, and altered nutrient absorp-
tion [56]. Therefore, supplementation with high nutrient
content, such as Spirulina, can help prevent deficiencies
and support overall health. Second, supplements have
been shown to support metabolic function and promote
weight loss; for instance, Spirulina is effective in reducing
appetite, improving insulin sensitivity, improving anti-
inflammatory effects, and improving antioxidant effects
[57], and third, individuals with obesity may experience
fatigue and low energy levels due to their sedentary life-
style and limited physical activity [58]. Supplementa-
tion with nutrient-dense supplements such as Spirulina
can improve overall energy levels in these individuals.
It’s important to note that while supplementation can
be beneficial for individuals with obesity with a seden-
tary lifestyle and limited physical activity, it should not
be used as a replacement for a healthy diet and regular
exercise. Supplementation should be used in conjunction
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with a balanced diet and regular physical activity to sup-
port overall health and weight loss goals.

This study had some positive points. To the best of
our knowledge, this meta-analysis is the latest evidence
on the use of Spirulina supplementation in individuals
with obesity and includes the latest available evidence.
We used advanced statistical techniques, including
meta-regression and dose-response meta-analysis, to
determine the optimal dose and duration of Spirulina
supplementation. Moreover, the GRADE tool was used
to evaluate the quality of evidence, enhancing the reli-
ability of the study. The current study has some limita-
tions that should be considered when interpreting the
findings. One limitation is the relatively low number
of studies included in the meta-analysis. Additionally,
the studies had different durations, which may affect
the consistency of the results. The high heterogene-
ity among the included studies is another limitation
that should be considered, as it can affect the reliabil-
ity and generalizability of the findings. However, by
administering the GRADE tool, we address this limita-
tion. Finally, there is a lack of proper studies evaluat-
ing the secondary indices of body composition, which
may limit the ability to draw conclusive evidence about
the impact of Spirulina supplementation on body com-
position. Despite these limitations, the present study
provides valuable insights into the effectiveness of Spir-
ulina supplementation for weight loss and can guide
future research in this area.

Conclusion

In conclusion, our meta-analysis supports the potential
of Spirulina supplementation as a practical approach
to improving body composition. Spirulina significantly
reduced body weight, BMI, and body fat percentage, with
the most notable effects observed at higher doses (>2 g/
day) and longer durations (>12 weeks), particularly in
obese or older populations. While no significant change
was observed in waist circumference, subgroup analy-
ses suggested some reductions in specific groups. These
findings highlight Spirulina’s potential as a beneficial sup-
plement for obesity management when tailored to the
proper dosage, duration, and demographic factors. How-
ever, further studies are needed to clarify its impact on
waist circumference and to optimize supplementation
protocols.

Abbreviations
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WH-ratio  Waist-To-Hip Ratio



Lak et al. Nutrition & Metabolism (2025) 22:61

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512986-025-00959-4.

[ Supplementary Material 1. }

Authors’ contributions

“O.A.and M.YL. conceived and designed the study; M.A.D.,, M.AA.SH.,, PP, and S.P.
conducted data extraction and screened articles for inclusion; O.A. performed
the data analysis; CA, SHGH.M, PP, DAL, MH., S.P, and MK. contributed to
drafting the manuscript; O.A. and M.K. conceptualized, reviewed, and revised
the manuscript, and supervised the study. All authors approved the final ver-
sion of the manuscript”

Funding
None.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Exercise Physiology, Sport Sciences Research Institute, Tehran,
Iran. 2IEacu\ty of Medicine, Bogomolets National Medical University (NMU),
Kiev, Ukraine. *Department of Clinical Nutrition, School of Nutritional Sciences
and Dietetics, Tehran University of Medical Sciences (TUMS), Tehran, Iran.
“Department of Clinical Nutrition, School of Nutrition and Food Sciences,
Isfahan University of Medical Sciences, Isfahan, Iran. >Department of Clini-

cal Nutrition, Tabriz University of Medical Sciences, Tabriz, Iran. °Nutrition

and Metabolic Diseases Research Center, Ahvaz Jundishapur University

of Medical Sciences, Ahvaz, Iran. ’Faculty of Medicine, Islamic Azad University,
Tehran Medical Sciences Branch (IAUTMU), Tehran, Iran. 8Facu\ty of Physical
Education and Sports Sciences, Islamic Azad University, Tehran, Iran. *Faculty
of Medicine, Shahid Beheshti University of Medical Sciences (SBUMS), Tehran,
Iran. "°Navarrabiomed, Complejo Hospitalario de Navarra (CHN), Universidad
Publica de Navarra (UPNA), Pamplona, Spain. ""Cancer Research Center, Shahid
Beheshti University of Medical Sciences (SBUMS), Tehran, Iran.

Received: 27 September 2024 Accepted: 10 June 2025
Published online: 17 June 2025

References

1. Valenzuela PL, et al. Obesity and the risk of cardiometabolic diseases. Nat
Rev Cardiol. 2023;20(7):475-94.

2. PatiS, Irfan W, Jameel A, Ahmed S, Shahid RK. Obesity and cancer: a cur-
rent overview of epidemiology, pathogenesis, outcomes, and manage-
ment. Cancers. 2023;15(2):485.

3. SerensenTl, Martinez AR, Jergensen TSH. Epidemiology of obesity. In:
From Obesity to Diabetes. Springer; 2022. p. 3-27.

4. Olateju IV, et al. A systematic review on the effectiveness of diet
and exercise in the management of obesity. Diabetes Metab Syndr.
2023;17(4):102759.

5. Karimi M, et al. Effect of boswellia (Boswellia serrata L) supplementa-
tion on glycemic markers and lipid profile in type 2 diabetic patients:

a systematic review and meta-analysis. Front Clin Diabetes Healthc.
2024;5:1466408.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 14 of 15

Karimi M, et al. Effects of chia seed (Salvia hispanica L) supplementation
on cardiometabolic health in overweight subjects: a systematic review
and meta-analysis of RCTs. Nutr Metab (Lond). 2024,21(1):74.

Karim M, et al. Effects of saffron (Crocus sativus L.) supplementation on
cardiometabolic Indices in diabetic and prediabetic overweight patients:
a systematic review and meta-analysis of RCTs. Diabetol Metab Syndr.
2024;16(1):286.

Wadden TA, Tronieri JS, Butryn ML. Lifestyle modification approaches for
the treatment of obesity in adults. Am Psychol. 2020;75(2):235-51.
Grosshagauer S, Kraemer K, Somoza V. The True Value of Spirulina. J Agric
Food Chem. 2020;68(14):4109-15.

. Liang, et al. Effects of spirulina supplementation on lipid metabolism

disorder, oxidative stress caused by high-energy dietary in Hu sheep.
Meat Sci. 2020;164:108094.

. Seo YJ, Kim KJ, Choi J, Koh EJ, Lee BY. Spirulina maxima extract reduces

obesity through suppression of adipogenesis and activation of brown-
ing in 3T3-L1 cells and high-fat diet-induced obese mice. Nutrients.
2018;10(6):712.

. Yousefi R, Mottaghi A, Saidpour A. Spirulina platensis effectively ame-

liorates anthropometric measurements and obesity-related metabolic
disorders in obese or overweight healthy individuals: A randomized
controlled trial. Complement Ther Med. 2018;40:106-12.

. Moradi S, et al. Effects of Spirulina supplementation in patients with

ulcerative colitis: a double-blind, placebo-controlled randomized trial.
BMC Complement Med Ther. 2024;24(1):109.

. Ghafari Ashtiani A, et al. The beneficial effect of fermented Spirulina

platensis on reducing oxidative stress in patients with type 2 diabetes
mellitus. Cell Mol Biol. 2024;70(8):82-9.

. DiNicolantonio JJ, Bhat AG, J OK. Effects of spirulina on weight loss and

blood lipids: a review. Open Heart. 2020;7(1):e001003.

. Hernandez-Lepe MA, Lépez-Diaz JA, Judrez-Oropeza MA, Herndndez-Tor-

res RP, Wall-Medrano A, Ramos-Jiménez A. Effect of Arthrospira (Spirulina)
maxima supplementation and a systematic physical exercise program
on the body composition and cardiorespiratory fitness of overweight or
obese subjects: a double-blind, randomized, and crossover controlled
trial. Marine drugs. 2018;16(10):364.

. Moradi’§, et al. Effects of Spirulina supplementation on obesity: A system-

atic review and meta-analysis of randomized clinical trials. Complement
Ther Med. 2019;47:102211.

. Page MJ, et al. The PRISMA 2020 statement: An updated guideline for

reporting systematic reviews. PLoS Med. 2021;18(3): 1003583.

. Eriksen MB, Frandsen TF. The impact of patient, intervention, comparison,

outcome (PICO) as a search strategy tool on literature search quality: a
systematic review. J Med Libr Assoc. 2018;106(4):420-31.

Flemyng E, et al. Using Risk of Bias 2 to assess results from randomised
controlled trials: guidance from Cochrane. BMJ Evidence-Based Medicine.
2023;28(4):260-6.

Prasad M. Introduction to the GRADE tool for rating certainty in evidence
and recommendations. Clinical Epidemiology and Global Health. 2024;25:
101484.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-88.

Borenstein, M, et al,, Introduction to meta-analysis. 2011: John Wiley & Sons.
Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol.
2005;5(1):1-10.

Higgins JP, et al. Measuring inconsistency in meta-analyses. BMJ.
2003;327(7414):557-60.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21(11):1539-58.

Tobias A. Assessing the influence of a single study in the meta-analysis
estimate. Stata Tech. Bull. 1999;47:15-7.

van Enst WA, et al. Investigation of publication bias in meta-analyses of
diagnostic test accuracy: a meta-epidemiological study. BMC Med Res
Methodol. 2014;14:1-11.

Mitchell MN. Interpreting and visualizing regression models using Stata,
vol. 558.TX: Stata Press College Station; 2012.

Ramamoorthy A, Premakumari S. Effect of supplementation of Spirulina
on hypercholesterolemic patients. JOURNAL OF FOOD SCIENCE AND
TECHNOLOGY-MYSORE-. 1996;33:124-7.


https://doi.org/10.1186/s12986-025-00959-4
https://doi.org/10.1186/s12986-025-00959-4

Lak et al. Nutrition & Metabolism

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2025) 22:61

Ngo-Matip M-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;13:1-10.
Miczke A, et al. Effects of spirulina consumption on body weight, blood
pressure, and endothelial function in overweight hypertensive Cauca-
sians: a double-blind, placebo-controlled, randomized trial. Eur Rev Med
Pharmacol Sci. 2016;20(1):150-6.

Szulinska 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.

Zeinalian R, et al. 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.

Yousefi R, Mottaghi A, Saidpou A. Spirulina platensis effectively ame-
liorates 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.
Akbarpour M, Ebrahimzadeh ZS. Effect of spirulina supplementation and
aerobic exercise on the level of Cortisol and body composition in women
with type 2 diabetes. Advancements in Life Sciences. 2019;6(3):116-24.
Herndndez-Lepe MA, Olivas-Aguirre FJ, Gomez-Miranda LM, Herndndez-
Torres RP, Manriquez-Torres JD, Ramos-Jiménez A. Systematic physical
exercise and Spirulina maxima supplementation improve body composi-
tion, cardiorespiratory fitness, and blood lipid profile: Correlations of a
randomized double-blind controlled trial. Antioxidants. 2019;8(11):507.
Shariat A, Farhangi MA, Zeinalian R. Spirulina platensis supplementation,
macrophage inhibitory cytokine-1 (MIC-1), oxidative stress markers and
anthropometric features in obese individuals: a randomized controlled
trial. J Herb Med. 2019;17:100264.

Golestani F, Mogharnasi M, Erfani-Far M, Abtahi-Eivari SH. The effects of
spirulina under high-intensity interval training on levels of nesfatin-1,
omentin-1, and lipid profiles in overweight and obese females: A rand-
omized, controlled, single-blind trial. J Res Med Sci. 2021;26(1):10. https://
journals.lww.com/jrms/fulltext/2021/26000/the_effects_of_spirulina_
under_high_intensity.10.aspx.

Moradi S, et al. The effects of spirulina (Arthrospira platensis) supplemen-
tation on anthropometric indices, blood pressure, sleep quality, mental
health, fatigue status and quality of life in patients with ulcerative colitis:
a randomised, double-blinded, placebo-controlled trial. Int J Clin Pract.
2021;75(10): e14472.

Bagheri R, et al. Spirulina supplementation during gradual weight loss in
competitive wrestlers. Br J Nutr. 2022;127(2):248-56.

Mazloomi SM, et al. The effect of Spirulina sauce, as a functional food, on
cardiometabolic risk factors, oxidative stress biomarkers, glycemic profile,
and liver enzymes in nonalcoholic fatty liver disease patients: A rand-
omized double-blinded clinical trial. Food Sci Nutr. 2022;10(2):317-28.
Mohammad M, et al. The Combinatory Effect of Spirulina Supplementa-
tion and Resistance Exercise on Plasma Contents of Adipolin, Apelin,
Ghrelin, and Glucose in Overweight and Obese Men. Mediators Inflamm.
2022;2022:9539286.

Nobari H, Gandomani EE, Reisi J, Vahabidelshad R, Suzuki K, Volpe SL,
Pérez-Gomez J. Effects of 8 weeks of high-intensity interval training and
spirulina supplementation on immunoglobin levels, cardio-respiratory
fitness, and body composition of overweight and obese women. Biology.
2022;11(2):196. https://www.mdpi.com/2079-7737/11/2/196.

Armannia F, Ghazalian F, Shadnoush M, Keyvani H. Spirulina for protection
against COVID-19 via regulating ACE2, FNDC5, and NLRP3: a triple-blind
randomized placebo-controlled trial in obese adults: Spirulina for protec-
tion against COVID-19. J Cell Mol Anesth. 2022;8(2). https://brieflands.
com/articles/jcma-149691.

Tamtaji OR, et al. The effects of spirulina intake on clinical and metabolic
parameters in Alzheimer’s disease: A randomized, double-blind, con-
trolled trial. Phytother Res. 2023;37(7):2957-64.

Willoughby D, Hewlings S, Kalman D. Body composition changes in
weight loss: strategies and supplementation for maintaining lean body
mass, a brief review. Nutrients. 2018;10(12):1876. https://www.mdpi.com/
2072-6643/10/12/1876.

Lua PL, et al. Complementary and Alternative Therapies for Weight Loss: A
Narrative Review. J Evid Based Integr Med. 2021,26:2515690x211043738.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 15 of 15

Shahzad S, et al. Spirulina platensis (Blue-green algae): A miracle

from sea combats the oxidative stress and improves behavio-

ral deficits in an animal model of Schizophrenia. Pak J Pharm Sci.
2020;33(4(Supplementary)):1847-53.

Wells ML, et al. Algae as nutritional and functional food sources: revisiting
our understanding. J Appl Phycol. 2017,29(2):949-82.

AlFadhly NK, Alhelfi N, Altemimi AB, Verma DK, Cacciola F, Narayanan-
kutty A. Trends and technological advancements in the possible food
applications of Spirulina and their health benefits: A Review. Molecules.
2022;27(17):5584. https://www.mdpi.com/1420-3049/27/17/5584.
Finamore A, et al. Antioxidant, Immunomodulating, and Microbial-Mod-
ulating Activities of the Sustainable and Ecofriendly Spirulina. Oxid Med
Cell Longev. 2017;2017:3247528.

Ku CS, et al. Edible blue-green algae reduce the production of pro-
inflammatory cytokines by inhibiting NF-kB pathway in macrophages
and splenocytes. Biochim Biophys Acta. 2013;1830(4):2981-8.

Kumar A, et al. Antioxidant and phytonutrient activities of Spirulina
platensis. Energy Nexus. 2022;6: 100070.

Hozayen WG, et al. Spirulina versicolor improves insulin sensitivity and
attenuates hyperglycemia-mediated oxidative stress in fructose-fed rats. J
Intercult Ethnopharmacol. 2016;5(1):57-64.

Kobylinska M, et al. Malnutrition in Obesity: Is It Possible? Obes Facts.
2022;15(1):19-25.

Bohorquez-Medina SL, et al. Impact of spirulina supplementation on
obesity-related metabolic disorders: A systematic review and meta-
analysis of randomized controlled trials. NFS Journal. 2021;25:21-30.
Schneider KL, Spring B, Pagoto SL. Exercise and energy intake in over-
weight, sedentary individuals. Eat Behav. 2009;10(1):29-35.
Ramamoorthy A, Premakumari S. Effect of supplementation of Spirulina
on hypercholesterolemic patients. JOURNAL OF FOOD SCIENCE AND
TECHNOLOGY-MYSORE-. 1996;33:124-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://journals.lww.com/jrms/fulltext/2021/26000/the_effects_of_spirulina_under_high_intensity.10.aspx
https://journals.lww.com/jrms/fulltext/2021/26000/the_effects_of_spirulina_under_high_intensity.10.aspx
https://journals.lww.com/jrms/fulltext/2021/26000/the_effects_of_spirulina_under_high_intensity.10.aspx
https://www.mdpi.com/2079-7737/11/2/196
https://brieflands.com/articles/jcma-149691
https://brieflands.com/articles/jcma-149691
https://www.mdpi.com/2072-6643/10/12/1876
https://www.mdpi.com/2072-6643/10/12/1876
https://www.mdpi.com/1420-3049/27/17/5584

	Effects of spirulina supplementation on body composition in adults: a GRADE-assessed and dose–response meta-analysis of RCTs
	Abstract 
	Background and Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and registration
	Search strategy
	Eligibility criteria
	Screening and selection
	Data extraction
	Risk of bias assessment
	Certainty evidence assessment by GRADE
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Risk of bias assessment
	Effect of spirulina on Body Weight (BW)
	Effect of spirulina on BMI
	Effect of spirulina on BFP
	Effect of spirulina on WC
	Sensitivity analysis
	Publication bias
	Linear meta-regression and non-linear dose–response
	GRADE assessment

	Discussion
	Conclusion
	References


