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Purpose: Spirulina is generally used as a nutraceutical food supplement due to its nutrient
profile, lack of toxicity, and therapeutic effects. Clinical trials have investigated the influence
of spirulina on metabolic-related risk factors but have yielded conflicting results in humans.
Here, we summarize the evidence of the effects of spirulina on serum lipid profile, glucose
management, BP, and body weight by conducting a meta-analysis.

Materials and methods: Relevant studies were retrieved by systematic search of MEDLINE,
EMBASE, Scopus databases, and reference lists of relevant original studies from inception to July
2018. Data were extracted following a standardized protocol. Two investigators independently
extracted study characteristics, outcomes measures, and appraised methodological quality. Effect
sizes were performed using a random-effects model, with weighted mean differences (WMDs)
and 95% ClIs between the means for the spirulina intervention and control arms. Subgroup
analyses were conducted to explore the possible influences of study characteristics. Publication
bias and sensitivity analysis were also performed.

Results: A total of 1,868 records were identified of which 12 trials with 14 arms were eligible.
The amount of spirulina ranged from 1 to 19 g/d, and intervention durations ranged from 2 to
48 weeks. Overall, data synthesis showed that spirulina supplements significantly lowered total
cholesterol (WMD =-36.60 mg/dL; 95% CI: —51.87 to —21.33; P=0.0001), low-density lipopro-
tein cholesterol (WMD = —33.16 mg/dL; 95% CI: —50.52 to —15.75; P=0.0002), triglycerides
(WMD =-39.20 mg/dL; 95% CI: —=52.71 to —25.69; P=0.0001), very-low-density lipoprotein
cholesterol (WMD = —8.02 mg/dL; 95% CI: —8.77 to —7.26; P=0.0001), fasting blood glucose
(WMD = -5.01 mg/dL; 95% CI: —-9.78 to —0.24; P=0.04), and DBP (WMD = —7.17 mmHg;
95% CI: —8.57 to —5.78; P=0.001). These findings remained stable in the sensitivity analysis,
and no obvious publication bias was detected.

Conclusion: Our findings provide substantial evidence that spirulina supplementation has
favorable effect on select cardiovascular and metabolic biomarkers in humans, including lipid,
glucose, and DBP management.
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Introduction

CVD is the major cause of morbidity, mortality, and disability worldwide; with the
global aging of populations, the prevalence of CVD is increasing rapidly.! According
to the World Health Organization reports, >17.3 million people die of CVD every year,
and the number of CVD-related deaths is projected to rise to >23.6 million by the year
2030.! Accumulating epidemiological evidence revealed that dyslipidemias and hyper-
tension are the key factors for the pathogenesis and development of CVD.%* Compared
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with healthy subjects, those patients with hyperlipidemia and
elevated BP are at increased risk of heart attack, strokes, and
ischemic heart disease.*® Based on the guidelines of American
Heart Association/American College of Cardiology (AHA/
ACC) and the European Society of Cardiology (ESC), the pri-
mary target for CVD prevention and treatment is to decrease
the potential CVD risk factors by reducing LDL-C, BP,
body weight, and glucose to recommended levels.” In recent
decades, the potential cardiovascular protective properties of
natural products have been reported, with evidence to confirm
that dietary natural products or functional foods supplemen-
tation were generally applied to improve lipid management,
insulin resistance, BP control, markers of inflammation and
antioxidant status, and CVD-related complications.® 2
Spirulina (Arthrospira platensis), a species of filamentous
cyanobacteria, is generally used as a nutraceutical food supple-
ment. Spirulina is rich in vitamins, minerals, protein, carot-
enoids, phycocyanins, essential fatty acids, and other bioactive
molecules such as phenolic acids, tocopherols, and glinolenic
acid.!*! Spirulina platensis and Spirulina maxima have been
broadly studied in the field of medicine and food industry due
to its nutrient profile, lack of toxicity, and therapeutic effects.
Accumulating evidence has shown that spirulina exerts health
promoting functions, including antioxidant, anti-inflammatory,
antitumor, antiviral, antibacterial activities, as well as positive
effects against hyperlipidemia, obesity, and diabetes.’>'® In
clinical practice, several studies are focusing on the potential
effects of spirulina on the prevention and treatment of CVD
due to its high antioxidant activity.'”** However, results are
inconsistent and no meta-analysis has specifically pooled nor
summarized the precise effect of spirulina consumption on
cardiovascular risk factors. We therefore undertook a compre-
hensive meta-analysis to investigate the effects and safety of
spirulina supplementation on multiple markers of cardiovas-
cular health in humans. The present study provides an insight
into the potential clinical applications of spirulina in CVD
and may also highlight some suggestions for future research.

Materials and methods

Protocol and guidelines

This pooled analysis was based on a protocol that was
prepared according to recommendations described in the
Cochrane Handbook and report based on the PRISMA
guidelines.®

Trial and patient inclusion criteria
Only trials were eligible for inclusion in this study satisfied
the following criteria: 1) studies using spirulina as only

intervention and studies in which spirulina was combined
with other interventions were included when the control
group received the same treatment; 2) the doses of spirulina
intervention were reported in the trial; 3) studies with a paral-
lel or crossover design that compared spirulina with placebo
or no treatment control; 4) studies were human clinical trials;
5) studies should be providing sufficient information on base-
line and post-treatment outcome markers in both spirulina
and control groups; 6) the primary metabolic risk factors
were TC, LDL-C, HDL-C, TG, vLDL-C, FBG, HbAlc, SBP,
DBP, body weight, and BMI.

Data sources and literature search

We performed a systematic literature search of several data-
bases, including MEDLINE (http://www.ncbi.nlm.nih.gov/
pubmed), EMBASE (http://www.embase.com), and Scopus

databases (https://www.scopus.com) from inception to July

1, 2018. Specifically, we used the following Medical Subject
Headings (MeSH) and corresponding key words as search
terms: (“spirulina” OR “spirulina*” OR “spirulina platen-
sis” OR “spirulina maxima” OR “spirulina fusiformis” OR
“Arthrospira”). The search was limited to English-language
publications and clinical trials that conducted in human sub-
jects. To identify any other potentially missing paper, manual
searches of reference lists in relevant papers, specialist jour-
nals, and conference proceedings were also performed. Trials
identified from literature searches were listed, and the trials
included were selected using the criteria described above. All
authors participated in the selection of trials for inclusion.

Assessment of study quality and data

extraction

Two independent reviewers completed data extraction and
quality assessment. The qualities of included studies were
assessed using the Cochrane risk-of-bias tool.> We obtained
information on randomization sequence generation, alloca-
tion concealment, blinding of participants and study person-
nel, blinding of outcome assessors, incomplete outcome data,
selective reporting, and other biases. The risk of bias in each
study was judged to be “low,” “high,” or “unclear.” The data
were extracted using a predesigned data collection check
form, and disagreements were resolved through discussion.
Trial characteristics recorded included author identification,
year of publication, study population, sample size, details
of the study design, length of follow-up, participants’ mean
age, spirulina dose and formulation used, types of control,
and outcomes of interest. In each trial, the means and SDs
of the primary outcomes at the baseline and endpoint both
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in intervention and control groups were extracted. If the SDs
were not provided directly, we calculated them from standard
error mean (SEM) or 95% CI with the equations listed in the
Cochrane handbook.

Statistical analysis

For continuous outcomes, we calculated the effect sizes as
WMD and 95% CI between the spirulina intervention and
control arms. The degree of statistical heterogeneity among
studies was determined using the 7 statistic, with a value of
<25%, 26%—50%, and >50% considered as low, moderate,
and high level of heterogeneity, respectively.?® All analyses
were based on the random-effects model. In order to evalu-
ate the robustness of our findings, sensitivity analyses were
performed by removing one study each time and pooling
the remaining ones (the “leave one out” approach). Potential
moderating factors were evaluated by subgroup analysis
including types of controls used, spirulina dose, and interven-
tion duration. The subgroup analyses were performed only
for the effect of spirulina products on lipid profiles because
of small numbers of studies for other outcomes. The presence
of publication bias was assessed visually and quantitatively
using Egger’s weighted regression statistics.?” All statistical
analyses were performed using STATA software version
12.0 (StataCorp LP, College Station, TX, USA). Reported
P-values are two tailed, and P<0.05 was considered signifi-
cant for all analyses, except where otherwise specified.

Results

Search results and trial flow

From the electronic searches, 1,868 potential literature cita-
tions were retrieved. On review of references from relevant
identified reviews, an additional 12 studies potentially
meeting our inclusion criteria were identified. Of these, 56
articles were selected for detailed evaluation. After full-text
assessment according to the inclusion and exclusion criteria,
44 of these studies were excluded. Overall, a total of 12 stud-
ies (equivalent to 14 treatment arms) with 807 participants
were finally considered to be selected for the current meta-
analysis.!* 232834 Study selection and identification process
are depicted in Figure 1.

Characteristics and quality of the

included studies

The details of the study characteristics of the sample, interven-
tions, outcome assessment, and results are provided in Table 1.
These included studies were published between 1996 and 2017
and were conducted in five different countries, including India,

Korea, USA, Cameroon, and Poland. The number of partici-
pants ranged from 20 to 169. The mean age of participants
in each trial ranged from 7.28 to 65.9 years. A range of doses
from 1 to 19 g/d of spirulina was administered in the included
trials. The duration of the spirulina intervention varied from
2 to 24 weeks, with nine studies having treatment durations
212 weeks and the remaining three having treatment durations
<12 weeks. All trials were designed as parallel-group studies.
Among the included studies, five trials used the placebo as
the control, six trials used no intervention as the control, and
one study used soybean as the control. Selected studies were
performed in subjects who suffered from type 2 diabetes
mellitus, HIV-infected, hypertension, ischemic heart disease,
and hyperlipidemic nephrotic syndrome. The systematic
assessment of risk-of-bias summary is provided in Figure S1.
Overall, five trials were considered as a low risk of bias, six
as a high risk of bias, and one as unclear.

Effect of spirulina supplementation on
plasma lipid and glucose concentrations,
body weight, and BP

For the change of lipid profiles, as shown in Figure 2, the
pooled result showed that spirulina supplements significantly
lower the TC (12 treatment arms; WMD = —36.60 mg/dL;
95% CI: —51.87 to —21.33; P=0.0001; I’=93%), LDL-C (11
treatment arms; WMD =-33.16 mg/dL; 95% CI: -50.52 to
-15.75; P=0.0002; 1>=96%), TG (12 treatment arms; WMD
= -39.20 mg/dL; 95% CI: -52.71 to —-25.69; P=0.0001;
1’=73%), and vVLDL-C (five treatment arms; WMD = —8.02
mg/dL; 95% CI: -8.77 to —7.26; P=0.0001; 1>=0%). However,
spirulina intervention may not significantly change the levels
of HDL-C (11 treatment arms; WMD = 5.81 mg/dL; 95% CI:
0.10 to 11.51; P=0.05; I*’=94%). Other markers of CVD risk
are listed in Table 2. For the change of BP, consumption with
spirulina showed a significant decrease in DBP (four treat-
ment arms; WMD =-7.17 mmHg; 95% CI: —8.57 to —5.78;
P=0.0001; 1>=0%) but not SBP (four treatment arms; WMD
=-3.49 mmHg; 95% CI: —7.19 to 0.21; P=0.06; I’=50%).
Finally, spirulina consumption significantly lowered FBG
(eight treatment arms; WMD =-5.01 mg/dL; 95% CI: -9.78
to —0.24; P=0.04; 1’=77%). No significant changes were
found for body weight (seven treatment arms; WMD =—1.51
kg; 95% CI: -3.39 t0 0.36; P=0.11; >=0%), BMI (five treat-
ment arms; WMD = —-0.44 (kg/m?); 95% CI: —1.87 to 0.99;
P=0.54; 1>=71%), and HbA 1c¢ (three treatment arms; WMD
=-0.34; 95% CI: —0.79 to 0.11; P=0.14; I>=78%) follow-
ing spirulina supplementation. The high levels of statistical
heterogeneity were found in most of the analysis.
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Potentially relevant references
identified from database search
(n=1,868)

Identification

Records after duplicates removed

(n=1,822)

Screening

Full-text articles assessed for
eligibility
(n=56)

Eligibility

Studies included in quantitative
synthesis (meta-analysis)
(n=12)#

Included

Additional records identified
through other sources
(n=12)

Records excluded based on the titles or
abstracts:

» Not related studies (n=1,335)
» Animal studies (n=268)
» In vitro studies (n=163)

Full-text articles excluded:

» Spirulina was used in combination

with other medication (n=3)

» Reported in the same population (n=2)

» Lack of sufficient information on the
interest outcomes (n=3)

» Studies without a control group (n=8)

» Letters, reviews or meta-analysis (n=25)
» Treatment with unknown dose of spirulina
(n=1)

» Studies with intervention duration <2 weeks
(n=2)

Figure | Flowchart of database searches and articles included in the present meta-analysis.
Notes: “The work conducted by Ramamoorthy et al*' and Park et al® were separated into two treatment arms, respectively.

Subgroup analysis

Subgroup analyses were conducted to evaluate the overall
effects of spirulina on plasma lipid concentrations in pre-
specified subgroups, including types of controls used (no
intervention or placebo), spirulina dose (<2 or 22 g/d),
and intervention duration (<12 or 212 weeks). Subgroup
analysis results based on the spirulina dose demonstrate
that spirulina consumption significantly decreased the level

of TC (WMD = -35.41 mg/dL; 95% CI: =51.43 to —19.39;
P=0.0001), LDL-C (WMD =-37.62 mg/dL; 95% CI: —63.23
to —12.00; P=0.004), and TG (WMD =-41.65 mg/dL; 95%
CI: -63.18 to —20.12; P=0.0001) in subjects with spirulina
supplementation =2 g/d. The trials stratified by duration of
intervention showed that subjects with spirulina interven-
tion >12 weeks significantly reduced the concentrations of
TC (WMD = -38.88 mg/dL; 95% CI: —56.05 to —21.72;
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Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbA ¢, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; TC, total cholesterol;

TG, triglycerides; vLDL-C, very-low-density cholesterol.

P=0.0001), LDL-C (WMD =-35.06 mg/dL; 95% CI: -54.30
to—15.82; P=0.0004), and TG (WMD =-40.65 mg/dL; 95%
CI: —55.82 to —25.49; P=0.0001) and increased HDL-C
(WMD = 6.66 mg/dL; 95% CI: 0.22 to 13.11; P=0.04). In
the subgroup analysis by types of control used, the pooled
result showed that spirulina supplementation significantly
decreased TC (WMD = —58.90 mg/dL; 95% CI: —82.53 to
—35.28; P=0.0001), LDL-C (WMD = —54.38 mg/dL; 95%
CI: —-80.57 to —28.19; P=0.0001), and TG (WMD = —54.58
mg/dL; 95% CI: —70.22 to —38.94; P=0.0001) and increased
HDL-C (WMD = 10.46 mg/dL; 95% CI: 1.73 to 19.19;
P=0.02) in trials used no intervention as controls. Significant
differences were found on TC concentrations in trials that
used placebo as controls (WMD =—-12.74 mg/dL; 95% CI:
—21.89 to —-3.59; P=0.006). Complete subgroup results of
lipid changes are shown in Table 3.

Sensitivity analysis

We conducted a sensitivity analysis to further confirm the
robustness of the results. The pooled effects of spirulina on
lipid profile did not change after systematically dropping each
trial (Figure S2). Furthermore, we also omitted the studies
that use soybean as a control. The aggregated results were
also similar to the overall analysis (Table 3).

Adverse events

Among these trials, spirulina were well-tolerated. The adverse
event rate was similar in the experimental and control groups,
and no serious adverse events occurred among most of the
eligible trials during the follow-up period.

Publication bias

No obvious publication bias was discerned in the visual
inspection of funnel plots (Figure S3). Similarly, Begg’s
rank correlation and Egger’s linear regression tests were
also performed to confirm the publication bias. The results
of Begg’s test and Egger’s test were listed in Table 4. These
results did not show any evidence of publication bias in the
present analysis (all P>0.05). We did not perform publication
bias test for HbAlc, SBP, and DBP due to lack of sufficient
studies (n<5).

Discussion

CVD is the leading cause of death worldwide, accounting for
about one in three deaths. To reduce the incidence of CVD,
targeting metabolic risk factors by nontoxic antioxidant
nutrient supplement or functional food with cardiovascular
protective properties is of great importance. Their mechanism
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A B
Study % Study %
ID WMD (95% Cl) Weight ID LDbL-C WMD (95% Cl) Weight
Lee (2016) -9.60 (-15.01, —4.19) 10.65 Lee (2016) -3.30 (~7.58, 0.98) 10.65
Marcel (2011) ~24.00 (-73.79, 25.79) 5.03 Parikh (2001) —16.50 (~36.06, 3.06) 944
Parikh (2001) ~19.60 (-42.70, 3.50) 8.66 Park_a (2008) ~2.50 (-27.01, 22.01) 8.83
Park_a (2008) ~11.00 (-34.29, 12.29) 863 Park_b (2008) ~10.10 (-36.17, 15.97) 8.63
-12.40 (-36.02,11.22 X -
Park_b (2008) 0(-36.02.11.22) 6.58 Samuels (2002) -33.01 (-92.22, 26.20) a7
Samuels (2002) —46.46 (—125.06, 32.14) 2.80
. Zeinalian (2017) 2.48 (-11.76, 16.72) 10.00
Zeinalian (2017) —6.16 (-22.16, 9.84) 9.65 123,85 (152,25, -05.51) 633
Ngo-Matip (2014 —123.88 (—152.25, -95. .
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Figure 2 Forest plot detailing weighted mean difference and 95% Cls for the effects of spirulina supplementation on TC (A), LDL-C (B), HDL-C (C), and TG (D) in humans.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; WMD, weighted mean

differences.

Table 2 Effect of spirulina consumption on other markers of cardiovascular disease

Markers outcomes No. of treatment arms No. of patients WMD (95% CI) P-value I’ %
vLDL-C (mg/dL) 5 167 —-8.02 (-8.77 to -7.26) 0.0001* 0
FBG (mg/dL) 8 411 —5.01 (-9.78 to -0.24) 0.04* 51
HbAlc 3 82 —0.34 (-0.79 to 0.11) 0.14 78
SBP (mmHg) 4 141 —3.49 (-7.19 t0 0.21) 0.06 50
DBP (mmHg) 4 141 —7.17 (-8.57 to -5.78) 0.0001* 0
Body weight (kg) 7 276 —1.51 (-3.39 to 0.36) 0.11 0
BMI (kg/m?) 5 354 —0.44 (-1.87 to0 0.99) 0.54 71

Notes: *Indicates a significant result.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; vLDL-C, very-low-density cholesterol; WMD, weighted mean

differences.

of action is based primarily on reducing oxidative stress,

enhancing NO synthesis, reducing LDL oxidation, inhibit-

ing the growth of smooth muscle cells of blood vessels,

modulating insulin resistance, and reducing BP. In the cur-

rent meta-analysis, we focused on the evidence regarding the

efficacy and safety of spirulina supplementation on the major

CVD risk markers, including lipid parameters, BP, body

weight, and glucose. Results from our pooled analysis of 12

identified studies with 14 treatment arms demonstrate that

patients receiving spirulina had statistically significant lower

TC, LDL-C, TG, vLDL-C, FBG, and DBP after treatment
than did control patients. However, the use of spirulina did
not substantially affect HDL-C, SBP, HbAlc, body weight,
and BMI values compared with those in the control group.
These changes varied substantially depending on the types
of controls used, spirulina dose, and intervention duration. In
our subgroup analysis, the lipid-modifying effects of spirulina
were also found in subjects that ingested a dose of spirulina
>2 g/d and subjects with spirulina intervention >12 weeks.
The pooled result was robust and remained significant in the
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Table 4 Publication bias in the meta-analysis of studies

Outcomes Begg’s rank correlation test Egger’s linear regression test
Z value P-value Intercept (95% CI) t df P-value

TC 0.75 0.451 —0.85 (—4.58 to 2.88) -0.51 I 0.622
LDL-C 0.62 0.533 —1.94 (-6.96 to 3.08) -0.87 10 0.405
HDL-C 0.16 0.876 1.78 (-3.70 to 7.25) 0.73 10 0.481
TG 1.17 0.244 0.37 (-1.29 t0 2.03) 0.50 I 0.628
vLDL-C 1.22 0.221 0.19 (-0.87 to 1.25) 0.57 4 0.610
FBG 2.10 0.035 —1.45 (-3.46 to 0.56) -1.76 7 0.129
Body weight 1.36 0.174 —0.97 (-3.13 to 1.20) -1.09 7 0.316
BMI 0.19 0.851 0.40 (-6.91 t0 7.71) 0.15 5 0.886

Abbreviations: BMI, body mass index; df, degrees of freedom; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TC, total cholesterol; TG, triglycerides; vLDL-C, very-low-density cholesterol.

leave-one-out sensitivity analysis. Spirulina consumption
might be utilized as nutraceuticals or functional foods for
the prevention and treatment of CVD in humans.

The results of our meta-analysis are remarkably similar
to the study performed by Serban et al** regarding TC,
LDL-C, and TG, but in contrast to HDL-C. Previous study
included seven trials with 522 participants for analysis and
indicated that spirulina supplementation significantly low-
ered TC (P<0.001), LDL-C (P<0.001), and TG (P=0.001)
and elevated those of HDL-C (P<0.001).** For our present
analysis, we included other five recent double-blind, placebo-
controlled, randomized clinical trials, giving greater power
to evaluate these beneficial effect. Furthermore, other identi-
fied CVD risk markers, such as body weight, BMI, FBG,
HbAlc, SBP, and DBP, were also systematically evaluated
in our present analysis following spirulina consumptions,
which had not been assessed in previous reviews. Our pres-
ent analysis is the latest and the most comprehensive one
and will provide clinicians with an unbiased consensus of
the current human clinical trial data, which can be directly
applied to practice while also highlighting directions for
future clinical research.

Dyslipidemia, hypertension, and insulin resistance pro-
mote endothelial dysfunction and vascular inflammation
leading to atherosclerosis.*® There is sufficient evidence
showing that interventions with lipid-lowering therapies
have the potential role in reducing the risk of atherosclerotic
CVD.*7* Antioxidants now play a significant role in prevent-
ing the accumulation of lipids in blood vessels by eliminating
the lipid peroxides derived through lipid peroxidation and
free radicals.* According to the clinical practice guidelines,
LDL-C is considered to be the main target for lipid-lowering
treatment, with a 1% reduction associated with a 1% decrease
in CVD events.* The lipid-modifying effects of spirulina
were established in our present meta-analysis, especially

on TC, LDL-C, and TG. However, the precise mechanisms
responsible for the presumed lipid-lowering properties of
spirulina are not fully explored. It has been shown that the
hypocholesterolemic action of spirulina platensis concen-
trate may involve the inhibition of both jejunal cholesterol
absorption and ileal bile acid reabsorption, as well as increase
fecal cholesterol and bile acid excretion.**> Moreover, the
decrease in the lipid level can be also attributed to the spiru-
lina antioxidant metabolites characteristic. C-phycocyanin,
the main ingredient of spirulina, reduces the lipid concen-
trations through scavenging free radicals, inhibiting lipid
peroxidation, nicotinamide adenine dinucleotide phosphate
oxidase expression, and increasing the activity of lipoprotein
lipase, hepatic triglyceride lipase, glycosylated serum protein
peroxidase and superoxide dismutase.** The effects of spi-
rulina administration on atherosclerosis are also revealed by
in vivo study, in which spirulina has been shown to activate
the atheroprotective heme oxygenase-1 in endothelial cells.*

Hypertension, hyperglycemia, and high level of HbAlc
are regarded as key risk factors for the development of
atherosclerotic CVD in humans.*’ Therefore, assessment of
glycemic and BP control is also a crucial element of effec-
tive primary and secondary CVD prevention. FBG levels are
generally used to evaluate the efficacy of dietary supplements
and glycemic-lowering drugs. Our pooled result revealed that
FBG and DBP levels were significantly reduced following
spirulina interventions. However, no significant change was
found in HbA 1 ¢. Persistence of excess adiposity is associated
with the progression of metabolic abnormality, whereas the
control of weight gain may relieve the risk of these metabolic-
related complications. Greater weight loss generates greater
benefit in terms of meaningful reductions in serum lipids,
BP, blood glucose, and the risk of developing metabolism
syndrome.*® However, we failed to find any statistically
significant differences in body weight between the spirulina
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products and the control groups. It should be noted that these
results are inconclusive because the number of eligible clini-
cal trial was relatively small; further, large-scale randomized
controlled trials are required to confirm the present results.

Our findings may have major implications for clinical
practice and further research, given that the metabolic bio-
markers evaluated in our present study are clinically relevant
for evaluating treatment and progression of CVD. However,
our present meta-analysis is not without weaknesses. First,
although extensive searches with clear inclusion criteria were
formulated, we may not have entirely identified all relevant
articles involving the use of spirulina especially unpublished
trials and gray literature. Second, although no significant
publication bias was detected in our study, we observed a high
degree of heterogeneity between studies that was not completely
resolved by numerous subgroup and sensitivity analyses. The
sources of the heterogeneity are most probably ascribed by the
differences in study design, target populations (ie, subjects with
type 2 diabetes mellitus, HI V-infected, hypertension, ischemic
heart disease, and hyperlipidemic nephrotic syndrome), and
characteristics (ie, age, sex, and baseline BMI). Third, there
were variations in reporting quality of included studies. Most of
the trials were characterized by insufficient information about
the sequence generation, allocation concealment, and types of
blinding. These factors may have a potential impact on the preci-
sion of the effect sizes. Finally, due to the lack of information
in most of the existing studies, some other confounding factors
were unable to be taken into consideration, such as physical
activities and other dietary factors intervention.

Summary and conclusion

In summary, based on the currently available literature, our
meta-analysis revealed a significant benefit of spirulina
supplementation in improving multiple markers of cardio-
vascular health including TC, LDL-C, TG, vLDL-C, FBG,
and DBP, without any significant side-effects. The pooled
results indicate clinically important improvements in CVD
risk profile. Spirulina consumption may be considered as an
adjunct to the prevention and treatment of CVD in humans.
Further larger high-quality, double-blind, randomized clinical
trials investigating the long-term effects and risk of spirulina
supplementation on cardiovascular metabolic biomarkers and
cardiovascular morbidity are needed.

Abbreviations
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Figure S| Quality assessment of the included studies. Labeling an item as a “question mark” indicated an unclear or unknown risk of bias; Labeling an item as a “negative
sign” indicated a high risk of bias; Labeling an item as a “positive sign” indicated a low risk of bias.
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Figure S2 Sensitivity analysis was conducted on outcomes of TC (A), LDL-C (B), HDL-C (C), and TG (D) using the leave-one-out method.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.
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Figure S3 Funnel plots with pseudo 95% Cls for publication bias of TC (A), LDL-C (B), HDL-C (C), TG (D), vLDL-L (E), FBG (F), body weight (G), and BMI (H).
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total

cholesterol; TG, triglycerides; vLDL-C, very-low-density cholesterol.
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