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Abstract

Background: Emerging evidence suggests that Spirulina may reduce inflammation by modulating key cytokines, including C-reactive
protein (CRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6). Accordingly, this study conducted a systematic review and
meta-analysis to evaluate the effects of Spirulina supplementation on serum levels of inflammatory mediators in adults aged 18 years
and older. Materials and Methods: Relevant randomized clinical trials (RCTs) were identified through searches of several databases,
including the Cochrane Library, ClinicalTrials.gov, ISI Web of Science, Scopus, and PubMed up to August 2025. The pooled effects
were calculated using the DerSimonian and Laird random-effects model. Statistical heterogeneity was assessed using I-squared statistics
and Cochran’s Q test. Results: Eight studies met the inclusion criteria. The administered dosages of Spirulina varied from 1 g/day to 8
g/day, with intervention durations spanning 3 to 16 weeks. The pooled analysis demonstrated that Spirulina supplementation significantly
reduced serum CRP concentrations compared with placebo group (weighted mean difference (WMD): –0.09 mg/L; 95% confidence in-
terval (CI): –0.16 to –0.02). In contrast, Spirulina supplementation caused non-significant reduction in TNF-α concentration (WMD:
–0.43 pg/mL; 95% CI: –1.44 to 0.59) and IL-6 (WMD: –0.44 pg/mL; 95% CI: –0.98 to 0.1). However, heterogeneity concerning all
inflammatory mediators was significant. Conclusion: The findings of this study indicated that Spirulina supplementation significantly
reduced serum CRP levels, whereas its effects on IL-6 and TNF-α were not statistically significant. Owing to the significant hetero-
geneity, further high-quality RCTs are needed to confirm these beneficial effects. PROSPERO Registration:The study was registered
in PROSPERO (CRD42024606496).
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1. Introduction
Spirulina, a blue-green microalgae, naturally thrives

in alkaline lakes. Its composition varies according to the
source of algae, cultivation conditions, and season. It
contains proteins (55–70%), carbohydrates (15–25%), fats
(6–8%), minerals (7–13%), moisture (3–7%), and dietary
fibers (8–10%). Spirulina is also rich in polyunsaturated
fatty acids (PUFAs), vitamins (B1, B2, B3, B6, B9, B12, C,
D, E), and minerals (K, Ca, Cr, Cu, Fe, Mg, Mn, P, Se, Na,
Zn). In addition, it contains pigments and enzymes, includ-
ing lipase, which further enhance its nutritional profile and
health-promoting potential [1].

Spirulina refers to the commercial form of dried
biomass obtained from green microalgae of the genus
Arthrospira (family Microcoleaceae, order Oscillatoriales,

class Cyanophyceae, phylum Cyanophyta) [2,3]. In
1989, Castenholz distinguished the genera Spirulina and
Arthrospira by defining their specific morphological char-
acteristics. Although the term Spirulina is widely used for
commercial products and in scientific literature, current tax-
onomic classifications recognize Arthrospira and Spirulina
as closely related but distinct genera [4,5].

The main Spirulina species utilized in nutrition and
scientific research are Arthrospira platensis, Arthrospira
maxima, and Arthrospira fusiformis [6]. Arthrospira
platensis is among the most commonly cultivated microal-
gal species. Although no toxic effects have been docu-
mented, it is generally recommended that Spirulina intake
as a dietary supplement should not exceed 15 grams per
day [7]. Spirulina has been associated with a range of
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health benefits, including antioxidant properties, immune
system modulation, and anti-inflammatory, anti-cancer, an-
tiviral, and antibacterial properties [8]. Its bioactive com-
pounds may play an important role in preventing or man-
aging conditions such as obesity, hyperglycemia, hyperc-
holesterolemia, cardiovascular diseases (CVDs), hyperten-
sion, neoplasms, and inflammatory disorders [9]. Spirulina
plays a critical role in enhancing immune function through
various biological mechanisms [10].

Spirulina’s immunological and antioxidant bene-
fits are largely attributed to its mineral content and
carbohydrate-rich composition, including unique polysac-
charides such as “Immulina” [11]. Moreover, Spirulina pro-
duces phycobiliproteins with potential applications as natu-
ral colorants and with demonstrated promise in clinical and
immunological research [12].

Evidence suggests that Spirulina modulates immune
responses and reduces inflammation by influencing key cy-
tokines such as C-reactive protein (CRP), tumor necrosis
factor-α (TNF-α), and interleukin-6 (IL-6) [13]. Some
studies have suggested that these effects may be mediated
by inhibition of Nuclear factor kappa B (NF-κB) and acti-
vation of nuclear factor erythroid 2–related factor 2 (Nrf),
leading to reduced production of inflammatory mediators
[14–16].

Anti-inflammatory properties of Spirulina has been in-
vestigated in randomized clinical trials (RCTs), although
results remain inconsistent [17–24]. A meta-analysis pub-
lished in 2021 assessed the effects of Spirulina supplemen-
tation on serum levels of IL-6 and TNF-α and found no sig-
nificant impact [25]. However, several new trials have been
published since then that necessitates updating the find-
ings of earlier studies. Moreover, a recent systematic re-
view and meta-analysis examined the effect of Spirulina on
serum levels of CRP [26], but it missed four articles [19,21–
23], and studies with other interventions besides Spirulina
supplementation were included in their analysis [27–29].
Therefore, conducting an updated systematic review and
meta-analysis is necessary and the present meta-analysis
was conducted to investigate the effects of Spirulina sup-
plementation on serum CRP, TNF-α, and IL-6 concentra-
tions.

2. Materials and Methods
2.1 Search Strategy of Literature

This systematic review followed the Preferred Re-
porting Items for Systematic Review and Meta-analysis
(PRISMA) guidelines [30] and was registered in PROS-
PERO (protocol ID CRD42024606496). A comprehensive
literature search was conducted in PubMed, Scopus, Web
of Science, Cochrane Library, ClinicalTrials.gov up to Au-
gust 2025 to identify English-language RCTs evaluating
the effectiveness of Spirulina intake on serum concentra-
tion of inflammatory mediators. The search strategy com-
bined Medical Subject Headings (MeSH) and non-MeSH

terms, including “C-Reactive Protein”, “Protein-C Reac-
tive”, “CRP”, “Tumor Necrosis Factor-alpha”, “Tumor
Necrosis Factor”, “Tumor Necrosis Factorα”, “TNFα”,
“TNF-α”, “Cachectin”, “Cachexin”, “Interleukin-6”, “In-
terleukin6”, “IL6”, “IL-6”, “Spirulina”, and “Arthrospira”.
Truncation “*” was applied to enhance the sensitivity of
the search strategy, ensuring that all relevant variations of
key terms were captured. Quotation marks and parentheses
were used for exact phrases and grouping, respectively, and
Boolean operators were incorporated to refine the search.
Reference lists of related RCTs, systematic reviews, and
meta-analyses were also screened to minimize the risk of
missing eligible studies. EndNote (Ver.X20; Philadelphia,
PA, USA) citation manager was used to categorize all re-
trieved records. Three researchers (MHa, AGh, and MHe)
independently reviewed titles and abstracts for eligibility.

2.2 Inclusion and Exclusion Criteria
The Population, Intervention, Control, Outcomes

(PICO) framework for this systematic review and meta-
analysis was defined as follows: Population/Patients (P:
>18 years-old adults receiving Spirulina supplementa-
tion); Intervention (I: Spirulina); Comparison (C: control
or placebo group); Outcome (O: mean serum levels of C-
reactive protein, tumor necrosis factor-α, and interleukin-6
and its standard deviations (SDs) before and after Spirulina
supplementation).

RCTs were excluded if they met any of the follow-
ing criteria: (A) Use of other nutrients in combination with
Spirulina; (B) Absence of a comparison group; (C) Lack of
before or after intervention data on serum levels of men-
tioned inflammatory data for both study groups or missing
any essential data for effect size calculations; (D) Report-
ing serum levels of CRP, TNF-α, and IL-6 only in graph-
ical form; (E) Unspecified Spirulina dosage; (F) Inclusion
of pregnant women; (G) Studies involving participants with
acute inflammatory disease; (H) Publications in languages
other than English.

Three reviewers (MH, AGh, and MHe) independently
performed screening, validation, selection, and method-
ological quality evaluation. We had a group discussion to
resolve all discrepancies.

2.3 Data Extraction
Data extraction was performed independently by two

investigators (MH and FA), who collected the following
information: first author’s last name, year of publication,
the country where the research was conducted, sample
size, trial design (parallel or crossover, with relevant de-
tails), participants’ age (range and/or mean), Spirulina sup-
plementation dosage and intervention duration, type and
dosage of placebo, participants’ health status, and changes
in the mean serum concentration of mentioned inflam-
matory mediators and corresponding standard deviations
(SDs). Discrepancies during data extraction were resolved
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through discussions with a third reviewer until consensus
was achieved. Additionally, all measurements of CRP,
TNF-α, and IL-6 were standardized to uniform units (mg/L,
pg/mL, and pg/mL, respectively). For studies with multi-
ple intervention or placebo groups, we considered them as
separate studies in the analysis. When essential data was
unclear or missing, corresponding authors were contacted
via email for clarification.

2.4 Quality Assessment
Two reviewers (MH andAGh) independently assessed

the overall methodological quality of the included studies
using the Cochrane risk-of-bias tool (Rob2) [31]. The as-
sessment considered several factors, including deviations
from intended interventions, bias due to period and carry-
over effect (only for cross-over trials), randomization pro-
cess, outcome measurement, handling of missing data, and
selection of reported results. Based on these evaluations,

each RCTwas classified as having low risk, some concerns,
or high risk of bias.

2.5 Data Synthesis and Statistical Analysis
This meta-analysis was conducted by calculating the

mean differences (MDs) and their SDs for inflammatory
mediators using data extracted from the included studies.
Effect sizes were determined based on the mean change
in serum concentrations of mentioned inflammatory me-
diators from baseline, along with corresponding SDs for
both intervention and comparison groups, following the
Cochrane Handbook guidelines [32]. Furthermore, when
studies reported medians or ranges instead of means, es-
timates of the mean of CRP, TNF-α, and IL-6 concentra-
tions were derived using the Hozo method [33]. For studies
that provided standard errors (SEs), SDs were calculated by
multiplying SE by the square root of the sample size. The
DerSimonian and Laird random-effects model was applied

Fig. 1. Flowchart of study selection process.
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Table 1. Randomized controlled trial studies included in the systematic review and meta-analysis.
Code Study population

(sample size)
Age (mean ± SD) and sex Study design

Intervention
duration (week)

Spirulina dose Placebo Outcome Results
author (year) (country)

1
Ghaem Far (2021)
(Iran) [24]

Hypertensive patients
(41)

Spirulina group: 51.27 ± 1.30
Placebo group: 50.21 ± 1.36

M: 19, F: 22
Triple-blind
randomized
clinical trial

8 Salad dressing with 2
g Spirulina
(Arthrospira
platensis)

Salad dressing
without spirulina

CRP CRP did not change significantly

2
Kashani (2022)
(Iran) [23]

Taekwondo Athletes
(18)

Spirulina group: 26.6 ± 2.3
Placebo group: 26.7 ± 1.6

M: 18, F: 0
Double-blind,
placebo-
controlled

crossover trial

3 8 g (Spirulina
platensis)

Starch IL-6 Spirulina supplementation
resulted in a significant reduction

in IL-6 level

3
Lee (2008)
(Korea) [22]

type 2 diabetic
patients (37)

Spirulina group: 52.1 ± 2.3∗

Control group: 54.5 ± 1.5∗

M: 20, F: 17
Randomized
clinical trial

12 8 g (Arthrospira
platensis)

No placebo TNF-α, IL-6 TNF-α and IL-6 did not change
significantly

4.1
Park (2008)
(Korea) [21]

Elderly male people
(43)

Spirulina group: 66.18 ± 1.2∗

Placebo group: 66.68 ± 1.1∗
Double-blind,
placebo-

controlled trial

16 8 g Starch TNF-α, IL-6 Spirulina supplementation
resulted in a significant reduction
in IL-6, without any changes in

TNF-α level

4.2
Park (2008)
(Korea) [21]

Elderly female people
(35)

Spirulina group: 65.68 ± 1.4∗

Placebo group: 65.48 ± 1∗
Double-blind,
placebo-

controlled trial

16 8 g Starch TNF-α, IL-6 TNF-α and IL-6 did not change
significantly

5
Supriya (2023)
(Iran) [20]

Men with Obesity
(22)

Spirulina group: N/M
Placebo group: N/M

Randomized
controlled trial

12 6 g Corn starch CRP, TNF-α,
IL-6

Spirulina supplementation
resulted in a significant reduction
in CRP, IL-6, and TNF-α levels

6
Szulinska (2017)
(Poland) [19]

Patients with obesity
and well-treated
hypertension (50)

Spirulina group: 49.3 ± 8.7
Placebo group: 50.2 ± 7.2

M: 25, F: 25
Double-blind,
placebo-

controlled trial

12 2 g (Spirulina
maxima)

Microcrystalline
cellulose

IL-6 Spirulina supplementation
resulted in a significant reduction

in IL-6 level
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Table 1. Continued.
Code Study population

(sample size)
Age (mean ± SD) and sex Study design

Intervention
duration (week)

Spirulina dose Placebo Outcome Results
author (year) (country)

7
Tamtaji (2023)
(Iran) [18]

Patients with
Alzheimer’s disease

(53)

Spirulina group: 73.8 ± 9.9
Placebo group: 76.9 ± 5.4

M: 5, F: 48
Double-blind,
placebo-

controlled trial

12 1 g (Arthrospira
platensis)

Xylooligosaccharide,
isomaltulose,

hydroxypropyl methyl
cellulose, polyethylene

glycol, and
carboxymethyl starch

CRP Spirulina supplementation
resulted in a significant
reduction in CRP level

8
Yousefi (2018)
(Iran) [17]

Healthy individuals
with obesity or
overweight (38)

Spirulina group: 40.16 ± 10.8
Placebo group: 39.79 ± 8.26

M: 7, F: 31
Randomized
controlled trial

12 2 g (Spirulina
Platensis)

starch and lactose
monohydrate

CRP Spirulina supplementation
resulted in a significant
reduction in CRP level

∗: Mean ± standard error (SE).
SD, Standard deviation; CRP, C-reactive protein; IL-6, Interleukin-6; TNF-α, Tumor Necrosis Factor-α; M, Male; F, Female; g, gram.
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to pool effect sizes and account for between-study variabil-
ity, particularly when heterogeneity was statistically signif-
icant [34]. Heterogeneity of intervention effects was as-
sessed using Cochran’s Q test and the I-squared statistic,
with p-value ≤ 0.10 for the Q test and an I2 of ≥50% indi-
cating significant heterogeneity [35].

Sensitivity analyses were performed to evaluate the
influence of individual studies on overall estimates, while
publication bias was assessed using Begg’s rank correlation
test and visual inspection of Begg’s funnel plot [36]. All
statistical analyses were conducted using STATAversion 15
software (StataCorp, College Station, TX, USA). Statistical
significance was set at p< 0.05, and all the calculated effect
sizes were reported with 95% confidence intervals (CIs).

3. Results
3.1 Study Selection

The initial database search identified 713 articles. Af-
ter removing duplicates, 483 articles remained for title and
abstract screening. Of these, 462 were excluded, leaving
21 articles for full-text evaluation. Following detailed as-
sessment, 13 more studies were excluded for the following
reasons: participants younger than 18 years (n = 3), mea-
surement of inflammatory markers other than mentioned
inflammatory mediators (n = 6), inclusion of participants
with acute inflammatory diseases (COVID-19) (n = 1), lack
of pre- or post-intervention data on serum levels of IL-6 (n
= 1), and duplicate populations reported in multiple publi-
cations (n = 2) (Fig. 1). Ultimately, eight RCTs with 337
participants met the eligibility criteria and were included
in the systematic review and meta-analysis (Table 1, Ref.
[17–24]). In one study, the intervention results were re-
ported separately for male and female participants [21], and
as such, they were treated as two independent datasets in
this analysis.

3.2 Study Characteristics
Based on the findings of this systematic review, the

effects of Spirulina on serum levels of CRP, TNF-α, and
IL-6 were evaluated in four [17,18,20,24], three [20–22],
and five [19–23] studies, respectively. The administered
dosages of Spirulina varied from 1 g/day to 8 g/day, with
intervention durations spanning 3 to 16 weeks. Five studies
were conducted in Iran [17,18,20,23,24], two in Korea [21,
22], and one in Poland [19].

Regarding trial design, one study was a triple-blind
randomized clinical trial [24], one was a double-blind
crossover randomized clinical trial [23], three were double-
blind parallel randomized clinical trials [18,19,21], and the
remaining studies were randomized controlled trials with-
out blinding details [17,20,22]. Participants health status
varied across studies and included the following subgroups:
hypertensive patients [24], taekwondo athletes [23], type 2
diabetic patients [22], elderly individuals [21], men with
obesity [20], patients with obesity and well-controlled hy-

pertension [19], patients with Alzheimer’s disease [18], and
healthy individuals with obesity or overweight [17]. More
details are presented in Table 1.

3.3 Quality Assessment
Fig. 2 presents the quality assessment of each study.

Among the eight included trials, three studies were rated as
having some concerns [17,23,24], primarily due to selective
outcome reporting. The remaining five studies were classi-
fied as high risk of bias [18–22], attributed to issues in the
randomization process [19–22], deviations from planned
interventions [18–21], issues with outcome measurement
[19–22], and selective reporting [18–22].

3.4 Meta-Analysis Results
The meta-analysis of Spirulina’s effect on serum CRP

levels included four studies (four datasets), showing a sig-
nificant reduction in CRP concentrations compared with
placebo group (weighted mean difference (WMD): –0.09
mg/L; 95%CI: –0.16 to –0.02, p: 0.014) (Fig. 3). However,
heterogeneity was high (Cochrane’s Q test, p < 0.001, I2:
95.2%).

For serum level of TNF-α, three studies (four
datasets) were analyzed. Due to significant heterogeneity
(Cochrane’s Q test, p< 0.001, I2: 94.0%), a random-effects
model was applied, which indicated no significant effect of
Spirulina on serum levels of TNF-α (WMD: –0.43 pg/mL,
95% CI: –1.44 to 0.59, p: 0.407) (Fig. 4).

The effect on serum IL-6 levels was assessed in five
studies (six datasets) (Fig. 5). Using a random-effects
model, no significant difference was observed in serum IL-
6 levels between Spirulina and comparison groups (WMD:
–0.44 pg/mL, 95% CI: –0.98 to 0.1, p: 0.111), with high
heterogeneity (Cochrane Q test, p ˂ 0.001, I2: 98.2%).

Subgroup analyses were not conducted due to the lim-
ited number of included studies.

3.5 Publication Bias and Sensitivity Analysis
Sensitivity analysis indicated that excluding any sin-

gle RCT did not alter the overall effect for any of the stud-
ied variables. Although funnel plots for all inflammatory
mediators suggested some asymmetry (Fig. 6A–C), Begg’s
test did not indicate significant publication bias (p-values:
CRP: 0.174, TNF-α: 0.999, and IL-6: 0.851).

4. Discussion
Spirulina, a microalga widely used as a nutritional

supplement, exhibits a range of clinical and physiologi-
cal benefits. Accumulating evidence suggests that it may
help mitigate inflammatory processes associated with sev-
eral chronic conditions, including dementia, vascular dis-
eases, cancer, arthritis, asthma, diabetes, atherosclerosis,
and inflammatory bowel disease [37–42].

This systematic review and meta-analysis provides
evidence that Spirulina supplementation in adults signifi-
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Fig. 2. Quality assessment. (A) Parallel studies; (B) Crossover studies.

cantly reduces serum CRP levels. CRP is an acute-phase
protein produced by the liver in response to inflammation
[43], primarily driven by IL-6, which activates genes re-
sponsible for CRP transcription during the acute phase of
the inflammatory response [44]. Elevated CRP levels are
associated with increased risk of chronic conditions such as
cardiovascular disease. Therefore, the observed reduction
in CRP suggests that Spirulina may offer protective effects
against inflammation-related chronic diseases.

Although reductions in serum TNF-α and IL-6 were
also observed, these changes did not reach statistical sig-
nificance. Nevertheless, the anti-inflammatory potential of
Spirulina is supported by its rich composition of bioactive
compounds [45,46]. Spirulina contains β-carotene and C-
phycocyanin, which are primarily responsible for its antiox-
idant activity. β-carotene scavenges oxygen radicals and
prevents lipid peroxidation, making it an essential antioxi-

dant [47]. Phycocyanin inhibits nitrite production, reduces
lipid peroxidation, and neutralizes reactive oxygen species
(ROS) and free radicals [48]. These actions help suppress
NF-κB activation, a transcription factor that promotes the
expression of pro-inflammatory cytokines such as TNF-α
and IL-6 [49]. Additionally, β-carotene has been shown
to downregulate inducible nitric oxide synthase, NF-κB,
TNF-α, and IL-1β, further contributing to the reduction of
inflammatory mediators [50].

Beyond its antioxidant properties, Spirulina may exert
anti-inflammatory effects through other mechanisms. It has
been associated with weight loss, which can reduce obesity-
related inflammation and oxidative stress, providing an ad-
ditional anti-inflammatory pathway [51]. Moreover, Im-
mulina, which is a high molecular weight polysaccharide
extract, and gamma-linolenic acid (GLA), the predominant
fatty acid in Spirulina, may enhance its anti-inflammatory
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Fig. 3. Forest plot of the effect of Spirulina supplementation on serum concentrations of C-reactive protein.

Fig. 4. Forest plot of the effect of Spirulina supplementation on serum concentrations of tumor necrosis factor alpha.
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Fig. 5. Forest plot of the effect of Spirulina supplementation on serum concentrations of interleukin-6.

Fig. 6. Funnel plots. (A) Funnel plots for the studies of the effects of Spirulina supplementation on serum levels of C-reactive protein;
(B) Funnel plots for the studies of the effects of Spirulina supplementation on serum levels of Tumor necrosis factor-alpha; (C) Funnel
plots for the studies of the effects of Spirulina supplementation on serum levels of Interleukin-6.
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effects. Immulina is known for its anti-inflammatory prop-
erties [52], while GLAmay reduce the production of arachi-
donic acid metabolites when its ratio to arachidonic acid is
increased [53].

Despite these promising findings, significant hetero-
geneity was observed among the included studies. This
heterogeneity may stem from differences in genetic back-
grounds, dietary habits, and lifestyle factors, which influ-
ence nutrient absorption and gut microbiota composition
[54]. Previous research has suggested that the combina-
tion of Spirulina and probiotics may represent a novel syn-
biotic product [55]; therefore, the host’s diet and probiotic
profile could be important determinants of Spirulina’s ef-
fect and a significant source of heterogeneity. Additionally,
variations in Spirulina supplement formulations may con-
tribute to this heterogeneity, as the concentration of bioac-
tive compounds may differ across products. The geograph-
ical origin of Spirulina may further influence its bioactive
composition [54]. Dosage (ranging from 1–8 g/day) and
intervention duration (3–16 weeks) differed across studies,
further contributing to variability. Emerging evidence sug-
gests that age, gender, and body weight may also modulate
Spirulina’s effects [54].

The findings of the present study align with those re-
ported by Mohiti et al. [25] in their systematic review and
meta-analysis. However, the study by Mohiti et al. [25] in-
cluded two RCTs [56,57] with populations comparable to
those in the current study, which were published several
years earlier [21]. In contrast, this study incorporated two
additional more recent eligible studies [20,23] that were not
considered in the previous analysis. Furthermore, Mohiti et
al. [25] did not evaluate the effect of Spirulina supplemen-
tation on serum CRP levels.

Several limitations should be considered when inter-
preting the findings of this study. First, subgroup analy-
ses were not feasible due to the limited number of RCTs.
Second, two studies did not report the Spirulina genera
[20,21], preventing genus-specific comparisons. Third, sig-
nificant heterogeneity was observed across all studied vari-
ables, which may have influenced the pooled estimates and
reduced the precision of the results. Fourth, the diversity
in Spirulina types used may have introduced bias into the
meta-analysis. Fifth, lifestyle and dietary data were un-
available and could not be accounted for in the analysis.
Sixth, most RCTs were conducted in Asia, limiting gener-
alizability due to regional differences in Spirulina compo-
sition. Seventh, no data were available on participants’ gut
microbiota. Considering that Spirulina may act synergisti-
cally with probiotics as a potential novel synbiotic product
[58], the baseline microbiota composition could be an im-
portant determinant of Spirulina’s effectiveness.

Nonetheless, this study has notable strengths. To the
best of current knowledge, this is the first comprehensive
systematic review and meta-analysis to evaluate the effects
of Spirulina supplementation on a broad range of inflam-

matory mediators. Studies utilizing data similar to previ-
ously published research were excluded to avoid redun-
dancy [56,57]. Additionally, RCTs involving participants
with acute inflammatory diseases were excluded to mini-
mize confounding effects [59]. Finally, no restrictions were
placed on publication date, allowing for a thorough inclu-
sion of relevant studies.

5. Conclusion
The findings of this study suggest that Spirulina

supplementation significantly reduces serum CRP levels,
whereas its effects on IL-6 and TNF-αwere not statistically
significant. Given the observed significant heterogeneity,
additional high-quality randomized controlled trials using
various types of Spirulina that are conducted across differ-
ent geographic regions are required to confirm the poten-
tial benefits of Spirulina supplementation. Future research
should also account for participants’ dietary patterns and
gut microbiota composition, as these factors may influence
the anti-inflammatory effects of Spirulina.
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