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ABSTRACT KEYWORDS

Spirulina (Arthrospira platensis) is a cyanobacterium associated with Body weight;

multiple health benefits. Cardiometabolic diseases such as cardiovas-  cardiometabolic diseases;
cular disease, nonalcoholic fatty liver disease, and diabetes are prev- glucose metabolism;

inflammation; lipid

alent yet usually preventable non-communicable diseases. Modifiable -
profile; spirulina

risk factors for cardiometabolic diseases include excessive body weight,
body inflammation, atherogenic lipid profile, and imbalanced glucose
metabolism. This review explores the effects of spirulina on cardiomet-
abolic diseases risk factors. Spirulina was effective in reducing body
weight, body mass index, and waist circumference, with a potential
dose-dependent effect. It also decreased interleukin 6, an import-
ant biomarker of body inflammation, by inhibiting NADPH oxidase
enzyme, and lowering insulin resistance. spirulina supplementation also
reduced triglycerides, low-density lipoprotein cholesterol, and increased
high-density lipoprotein cholesterol. Additionally, spirulina reduced fast-
ing blood sugar and post-prandial blood sugar and increased insulin
sensitivity, but no effect was observed on glycated hemoglobin Alc.
The diverse nutrients, such as phycocyanin, gamma-linolenic acid, and
vitamin B12, present in spirulina contribute to its cardiometabolic bene-
fits. The doses used are heterogeneous for most studies, ranging from 1
to 8 grams daily, but most studies administered spirulina for 3months
to observe an effect. The collective evidence suggests that spirulina
supplements may help improve risk factors for cardiometabolic dis-
eases, thus, preventing its development. However, due to the hetero-
geneity of the results, more randomized clinical trials are needed to
draw robust conclusions about spirulina’s therapeutic potential in ame-
liorating risk factors for cardiometabolic diseases and fully elucidate the
mechanisms by which it exerts its effects.

Introduction

Spirulina (Arthrospira platensis) is a filamentous cyanobacterium, a type of blue-green
algae originating from lagoons in Latin America and Africa. However, because of its
capacity to survive in extreme conditions, it has spread to other hot regions on the
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planet. Spirulina has been traditionally used in food for many years, being consumed
by Kanembous civilizations (Africa) and Aztecs (Mexico) for centuries (Lupatini et al.
2017). Microalgae cultivation has become the interest of scientists as a source of
single-cell protein in the 1960s and 1970s as researchers pointed at the exponential
increase in the world’s population and the possibility of a food shortage (Ugalde
and Castrillo 2002). Currently, spirulina accounts for around one third of the total
microalgal biomass produced worldwide (Costa et al. 2019) mostly produced in the
united states (Belay 2007). Currently, a very large facility in inner Mongolia estab-
lished since 2001 produces great amounts of spirulina (Lu et al. 2011). The common
spirulina species used as food supplements are Spirulina platensis (Arthrospira plat-
ensis), Spirulina maxima (Arthrospira maxima) and Spirulina fusiformis (Arthrospira
fusiformis). Spirulina has been gaining attention recently due to its unique chemical
and nutritional composition. In fact, Spirulina has been recognized and recommended
as a food supplement by NASA and the European Space Agency for long-term space
trips (Maddiboyina et al. 2023). Spirulina is also favored due to being a low-cost
nutritional supplement and for having no established side effects (Karkos et al. 2011).

Spirulina has been utilized for nutrition for a long time due to its high protein
content, high digestibility, and its balanced essential amino acids profile (Demir
and Tiikel 2010). The protein content in spirulina is significant, along with the
various vitamins, carotenoids, minerals, essential fatty acids and polysaccharides,
among others (Tomaselli 1997; Babadzhanov et al. 2004). Specifically, spirulina is
high in B vitamins, particularly B12, and minerals including calcium, zinc, iron,
magnesium, potassium, and manganese (Kennedy 2016). Additionally, gamma-linolenic
acid (GLA) is abundant in spirulina, which is an essential fatty acid that must be
obtained from the diet. The phytocomplex of spirulina is rather rich in pigments,
specifically chlorophyl and phycobilins, which includes phycocyanin and allophyco-
cyanin (Babadzhanov et al. 2004; Wells et al. 2017). However, it is important to
mention that the amount of nutrients in spirulina varies depending on the region
of production, the climate, and the salt content of the water in which spirulina
grew. The harvesting techniques may also affect the quantity of vitamins, minerals,
and Phyto-derivatives present in spirulina (Tomaselli 1997). The nutrients spirulina
offers to the human body after its ingestion is also highly absorbable, which is an
efficient approach to restore deficient levels of nutrients in the body to its physi-
ological levels (Wells et al. 2017).

Cardiometabolic diseases include diseases of the heart such as coronary heart dis-
ease, heart failure, stroke, myocardial infarction along with diseases of disrupted glucose
metabolism such as insulin resistance and type 2 diabetes mellitus, as well as nonal-
coholic fatty liver disease, all of which are prevalent yet usually preventable
non-communicable diseases. According to the World Health Organization (WHO),
non-communicable diseases claims the lives of 41 million people each year, equivalent
to 74% of all deaths globally, and cardiovascular diseases account for 17.9 million
deaths annually (World Health Organization 2022). Cardiometabolic health is influenced
by risk factors that intricately shape cardiovascular and metabolic health, such as
overweight and obesity, impaired glucose metabolism, dyslipidemia, and hypertension
and body inflammation (Mezhal et al. 2023). Obesity and body composition is tightly
related to metabolic health, as it affects the body’s inflammatory state, which influences
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how the body metabolizes nutrients and stores them (Piché et al. 2020; Drozdz et al.
2021; Powell-Wiley et al. 2021). This in turn increases the risk of a disrupted cellular
response to insulin, leading to disrupted blood sugar control, a condition known as
insulin resistance (Piché et al. 2020). Additionally, dyslipidemia, referring to the imbal-
ance of lipids in the bloodstream, contributes to atherosclerotic risk and cardiovascular
complications (Powell-Wiley et al. 2021). Elevated levels of low-density lipoprotein
cholesterol (LDL-C), total cholesterol (TC), and triglycerides (TG), accompanied by
reduced levels of high-density lipoprotein cholesterol (HDL-C) mark an atherogenic
blood lipid profile (Powell-Wiley et al. 2021). Numerous health benefits of spirulina,
including its antiviral, antitumor, anti-diabetic, antioxidant, anti-inflammatory, and
cardioprotective effects have sparked interest in the scientific field (Capelli and Cysewski
20105 Serban et al. 2016). Preclinical trials were conducted to assess the cardioprotective
properties of nutraceutical formulations based on spirulina and was found to be pro-
tective against highly toxic drugs such as doxorubicin (Quagliariello et al. 2022). The
positive effects of spirulina were also seen in a randomized, active-control field trial
involving infants through an enhancement in gross and fine motor development, lan-
guage proficiency, and social skills after spirulina supplementation during the first
1000 days of life (Masuda and Chitundu 2019). The primary aim of this article is to
review the effects of spirulina on cardiometabolic diseases risk factors including excess
body weight, disrupted glucose metabolism, atherogenic blood lipid profile, and elevated
blood pressure (Table 1).

Methods

Scientific databases were searched including Cochrane Library, EMBASE, PubMed
(Medline), and SCOPUS for scientific papers published until August 2023. The fol-
lowing MeSH terms were utilized in various combinations: (‘Spirulina® OR ‘Arthrospira’)
AND (‘Cardiometabolic risk factors’ OR ‘Cardiovascular risk factors’ OR ‘Obesity’ OR
‘Insulin resistance’ OR ‘Diabetes’ OR ‘Dyslipidemia’ OR ‘Lipid profile’ OR ‘Blood pres-
sure’ OR ‘Glucose metabolism’ OR ‘Inflammation’ OR ‘Antioxidants’). Inclusion criteria
encompassed; spirulina given as an oral supplement and was not administered with
other interventions that cannot be differentiated from each other, studies with adult
participants (>18years old) that were either healthy or have at least one risk factor
for cardiometabolic diseases.

The effect of spirulina on body weight

The effect of spirulina supplementation on body weight parameters have been explored
in multiple clinical trials. Zeinalian et al. (2017) in a randomized, double-blinded,
placebo-controlled clinical trial, studied 62 obese subjects after administering 1g
spirulina for 12 wk and observed a significant reduction in appetite by —4.16%
(p=0.008), Body Mass Index (BMI) by -1.9% (p<0.001), and in body weight by
-1.79% (p<0.001) (Zeinalian et al. 2017). Another randomized, double-blinded,
placebo-controlled clinical trial investigated the effect of spirulina supplementation
at a dose of 2 grams per day for 12 wk on 50 obese patients with diagnosed
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hypertension and observed a statistically significant improvements (mean+SD) in
body weight (92.96 + 18.58kg to 88.97 +17.13kg), BMI (33.5+6.7 kg/m? to 31.7 £ 5.8 kg/
m?), and waist circumference (105.2+15.3 to 103.4+14.1cm) at the end of the
experiment. These improvements were not seen in the placebo group that was given
only pure microcrystalline cellulose capsule (Szulinska et al. 2017). A recent
meta-analysis aimed to assess the impact of spirulina oral supplementation on obesity
indices showed a significant reduction in body weight (weighted mean difference
(WMD) = -1.85Kg; 95% CI: -2.44, —1.26; p<0.001), and waist circumference
(WMD =-1.09cm; 95% CI: -2.16, —0.01; p=0.046), while no significant effect was
observed on BMI (SMD =-0.53Kg/m?%* 95% CI: —1.25, 0.19; p = .149). Notably,
spirulina more effectively reduced BMI in studies conducted for =12 wk
(SMD =-1.25Kg/m2; 95% CI: -2.21, —0.28; p = .011) (Zarezadeh et al. 2021). A
randomized controlled trial by Shariat et al. (2019) tested the effect of 1g/day spi-
rulina supplement on 56 obese patients and found a significant reduction in mac-
rophage inhibitory cytokine 1 concentrations and appetite (p<0.05). A significant
decline in inflammation, measured by superoxide dismutase concentrations, and in
body weight, BMI, and WC were also seen in both groups but was more substantial
in the spirulina group (Shariat et al. 2019). A double-blind, placebo-controlled,
randomized trial by Miczke et al. (2016) supplemented 2 grams of spirulina maxima
for 3 months to 40 hypertensive patients without evidence of cardiovascular disease.
They perceived a significant reduction in BMI (26.9+3.1 vs 25.0+2.7kg/m?) and
body weight (75.5+11.8kg vs 70.5+10.3kg) compared to baseline measurements in
the treatment group but not in the control group (Miczke et al. 2016). The effect
of spirulina supplementation was first investigated by Ramamoorthy and Premakumari
(1996) in a clinical trial involving ischemic heart patients with hypercholesterolemia
(serum cholesterol levels >250mg/dL), where either 2 grams or 4 grams per day of
spirulina was given for 3 months. At the end of the supplementation period, there
was a significant weight loss for both dosages compared to the controls (-2.2kg vs
+0.7kg; p<0.01) (Ramamoorthy and Premakumari 1996). Additionally, a randomized
controlled trial conducted on 52 obese patients showed a significant body weight,
TG and high sensitivity c-reactive protein levels reduction after supplementation of
2 grams of spirulina with a personalized low-calorie diet compared to only low-calorie
diet (Yousefi et al. 2018). The addition of a systematic physical exercise also enhances
the weight-lowering effects of spirulina. A double-blind, randomized, and crossover
controlled trial was conducted on 52 overweight and obese sedentary male subjects
supplemented with 4 grams daily of spirulina for 6 wk showed a significantly lower
body fat percentages and body weight compared to the control (Hernandez-Lepe
et al. 2018). Notably, although the evidence thus far is pointing at a beneficial
weight-lowering effect across all studies, it is limited by not testing for multiple
hypotheses.

Possible mechanisms of action

Spirulina could contribute to weigh loss through the following: prevention of liver
lipid buildup, reduction of oxidative stress, and inhibition of macrophage infiltration
into visceral adipose tissue (Fujimoto et al. 2012). This leads to less production of
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inflammatory cytokines and lowering overall oxidative stress (Karkos et al. 2011; Yang
et al. 2020). Spirulina also contains a lot of essential amino acids, such phenylalanine,
which triggers the release of cholecystokinin. This molecule decreases body weight by
inhibiting the appetite centers in the central nervous system (Mazokopakis et al. 2014).
Furthermore, ingestion of spirulina was shown to improve insulin sensitivity and
increases satiety, which leads to lower food consumption and body weight reduction
(Bobescu et al. 2020) (Figure 1).

The effects of spirulina on inflammation

An increased body adiposity status is linked closely to higher inflammation, hyper-
lipidemia, and insulin resistance (Park et al. 2005; Shah et al. 2008). This is due to
the release of adipokines and chemokines from adipose tissue, which in turn induces
inflammation and contribute to the development of atherosclerosis (Skrypnik et al. 2017).
All of which increase the risk of developing cardiometabolic diseases (Furukawa et al.
2017). The effect of spirulina supplementation on inflammation and oxidative stress is
debatable in human clinical trials. A recent meta-analysis included 11 studies and 465

Figure 1. Theorized effect of spirulina supplementation on body weight loss, body inflammation,
blood lipid profile, and glucose metabolism.
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subjects showed that spirulina was able to significantly increase IL-2 concentrations
(SMD= 2.69pg/ml; 95% CI: 0.26, 5.11; p=0.03) but such significance disappeared when
sensitivity analysis was applied. The sensitivity analysis was done using the leave-one-
out method, which assesses the effect of omitting a study on the effect size. Lower
levels of IL-2 indicate lower body inflammation. IL-6 and thiobarbituric acid reactive
substances, which are pro-inflammatory biomarkers, decreased only marginally with spi-
rulina ingestion. Meanwhile, no effect was seen on TNF-a and malondialdehyde, which
indicate inflammation (Mohiti et al. 2021). Another meta-analysis included 9 studies and
415 subjects found that supplementing spirulina marginally increased total antioxidant
capacity (SMD = 0.49; 95% CI: —0.001, 0.98; p = .05) and superoxide dismutase (SMD
= 0.72; 95% CI: —0.03, 1.46; p=0.06), while no effect was seen on glutathione peroxidase
(Naeini et al. 2021). A clinical trial by Szulinska et al. (2017) also showed that, along
with significant weight loss, spirulina supplementation was able to significantly lower
IL-6 from 4.3+0.6mmol/L to 3.9+0.4mmol/L, and improve the total oxidative stress
statud from 8+0.3 to 2.2+1.0mmol/L (Szulinska et al. 2017). Another human clinical
trial on 37 Korean diabetic patients revealed that 8 grams per day of spirulina for 12
wk was able to significantly reduce plasma levels of malonaldehyde from 2.57 uM/L to
1.85uM/L (p<0.01) and slightly increase adiponectin levels from 5.52ug/ml to 6.62 ug/
ml (p<0.1), indicating an improved oxidative stress status (Lee et al. 2008). Urinary
isoprostane is a reliable marker for oxidative stress and it reflects the peroxidation of
PUFAs in cell membranes (Graille et al. 2020), while oxidized LDL/total cholesterol ratio
reflects increased oxidative damage to LDL-C particles which are particularly detrimental
and increases inflammation and risk for atherosclerosis (Matsuura et al. 2008). A clinical
trial by Koite et al. (2022) tested the effect of the spirulina’s liquid extract ‘Spirulysat”
on oxidative stress markers, urinary isoprostane and oxidized LDL/total cholesterol ratio,
in 20 patients with metabolic syndrome. After the intervention period, a significant
decrease in the urinary isoprostane concentrations in the intervention group was found
(p=0.014), while no significant difference in oxidized LDL/total cholesterol ratio between
the intervention and control groups was detected (Koite et al. 2022).

Possible mechanisms of action

Tissue inflammation and damage are closely linked to reactive oxygen species (ROS)
formation. C-phycocyanin in spirulina is the main protein proposed to be responsible
for increasing the activity of glutathione peroxidase and superoxide dismutase, scav-
enging free radicals and inhibiting lipid peroxidation (Upasani and Balaraman 2003;
Sharma et al. 2011). Furthermore, C-phycocyanin was shown to decrease the formation
of nicotinamide adenine dinucleotide phosphate (NADPH) and nicotinamide adenine
dinucleotide (NADH), as well as inhibit the expression of NADPH oxidase, potentially
contributing to spirulina’s hypolipemic and antioxidant effects (Upasani and Balaraman
2003; Sharma et al. 2011). In relation to obesity, NADPH oxidase significantly con-
tributes to oxidative stress in adipose tissue, leading to hypertrophy of adipocytes,
insulin resistance and alterations in adipokine and cytokine secretion (Panday et al.
2015). Therefore, as spirulina suppresses adipocyte oxidative stress, it may lead to
systemic anti-inflammatory effects and enhanced insulin sensitivity (Terry et al. 1993;
Talior et al. 2005; Strasky et al. 2013; Zheng et al. 2013). Within phycocyanin, there
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is a water-soluble chromophore called phycocyanobilin, which represents the majority
of the blue-green pigments found in spirulina. Phycocyanobilin has significant
anti-inflammatory and antioxidant capabilities and shares structural similarities with
bilirubin (Guo et al. 2022; Liu et al. 2022). It has been demonstrated that the amount
of phycocyanin in spirulina directly correlates to its anti-oxidant action (Estrada et al.
2001) (Figure 1). In addition, specific nutrients in spirulina such as resveratrol and
quercetin were found to be cardioprotective through several inflammatory pathways
(Wu and Hsieh 2011; Patel et al. 2018; Quagliariello et al. 2021).

The effect of spirulina on lipid profile

Components of the plasma lipid profile such as TG, TC, HDL-C, and LDL-C are
important predictors and are causal factors of future cardiometabolic diseases (D’Agostino
et al. 2008; Holmes et al. 2015; Hindy et al. 2018). The effect of spirulina on the lipid
profile was demonstrated in multiple clinical trials. A randomized double-blinded
clinical trial included 30 diabetic patients that were given 2 grams of spirulina daily
for 3months. The trial showed a significant reduction in TC by 41.36 mg/dL and
LDL-C by 38.4mg/dL (p<0.001). Additionally, TG decreased by 38.25% and HDL-C
increased by 7.2% from baseline, both of which were significantly different than the
control group (Karizi et al. 2023). A clinical trial by Koite et al. (2022) found a sig-
nificant decrease in TG and an increase in HDL-C, but no effect on LDL-C and TC.
This could be due to the small dose of spirulina administered within the liquid extract
used (0.02g/d), which was not able to affect all the blood lipids (Koite et al. 2022).
A randomized double blinded placebo-controlled trial by Zeinalian et al. (2017)
observed a statistically significant reduction in TC by —4.67% and an elevation in
HDL-C by 1.73% following one gram of spirulina supplementation for 3 months to 62
obese subjects. However, LDL-C was not changed by the end of the trial (Zeinalian
et al. 2017). Another clinical trial on obese hypertensive patients showed that a dose
of 2 grams per day for 12 wk significantly lowered LDL-C from 3.5+ 0.9 mmol/L to
3.0+0.6 mmol/L (p<0.001) (Szulinska et al. 2017). A recent meta-analysis of 23 studies
and 1076 participants was conducted to assess the collective impact of spirulina sup-
plementation on lipid profile. The analysis revealed a significant reduction in LDL-C
(SMD: —-0.6, 95% CI: -0.9, -0.2), TG (SMD: -0.6, 95% CI: —0.96, —0.25) and TC
(SMD: -0.6, 95% CI: —-0.9, —0.2) among participants who received spirulina supple-
mentation. While HDL-C significantly increased by a standard mean difference of 0.3
(95% CI: 0.0008, 0.6) although the sensitivity analysis detected significant publication
bias for these results. Furthermore, the dosage of spirulina at 4 grams, 5 grams and
10 grams/day had the highest effect on HDL-C, TG and TC levels, respectively.
However, the studies selected in this meta-analysis were heterogenous for the health
status of the participants and baseline BMI, which limits the ability to generalize the
findings (Rahnama et al. 2023). Another prospective pilot study supplemented 1 gram
of spirulina for 3 months to newly diagnosed dyslipidemia patients and found a sta-
tistically significant decrease in TG by 16.3%, LDL-C by 10.1%, TC by 8.9%, non-HDL-C
by 10.8% and TC/HDL-C ratio by 11.5%. Additionally, HDL-C increased by 3.5%
(Mazokopakis et al. 2014). Also, a randomized study by Lee et al. (2008) on Korean
diabetic patients showed a significant enhancement in lipid profile as indicated by
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lowered TG levels by 125.8-98.5mg/dL (p<0.05) although such reduction was more
significant in patients with higher baseline TG levels. Similar observation was seen
for TG and LDL-C serum levels (Lee et al. 2008). Moreover, in a human clinical trial,
fifteen non-insulin dependent diabetic patients ingested 2 grams of spirulina per day
for two months, which lead to a significant reduction in TG, TC, LDL-C, VLDL-C
and LDL-C/HDL-C ratio (Mani et al. 2000). A study by Parikh et al. (2001) also found
that spirulina lowered TG by 6.4mg, LDL-C by 7.1mg, TC by 21.3mg and an overall
reduction in other atherogenic indices such as TC:HDL-C and LDL-C: HDL-C (from
54+1.0 to 5.0+1.0 and from 3.5+0.8 to 2.9+0.5, respectively) (Parikh et al. 2001).
Ramamoorthy and Premakumari (1996) also observed a decrease in TC by 22.4% and
33.5% and in LDL-C by 31% and 45% after supplementing 2 grams and 4 grams of
spirulina for 3 months, respectively (p<0.01 for both). They also observed an increase
in HDL-C and a decrease in TG and very low density lipoprotein (VLDL) in the
experimental groups compared to the control (Ramamoorthy and Premakumari 1996).

Possible mechanisms of action

The observed anti-atherogenic effect of spirulina could be explained through multiple
mechanisms. A lower body inflammation helps achieve a balanced lipid profile by the
pigment c-phycocyanin, which is abundant in spirulina, as it was able to increase cho-
lesterol excretion when given as a residue in diet, increasing fecal excretion of cholesterol
and bile (Nagaoka et al. 2005). Moreover, glycolipid H-b2 is present in spirulina and was
shown to reduce pancreatic lipase activity in a dose-dependent manner, lowering dietary
fat digestion and subsequent intestinal absorption (Han et al. 2006). Similar effect may
also be observed due to phycocyanin pigment (Han et al. 2006). Additionally, the incor-
poration of Gamma-linolenic acid derived from spirulina can effectively regulate cholesterol
levels via esterification processes (Karkos et al. 2011). On the other hand, a deficiency
in gamma-linolenic acid was linked to worse cardiovascular outcomes such as increased
arterial thickness, hypertension, and dyslipidemia, all of which increase the risk for car-
diometabolic diseases (Horrobin 1992; Hornych et al. 2002). Spirulina is a low-fat,
low-calorie protein source; therefore, its consumption may decrease hepatic triglyceride
(TG) formation and enhance hepatic TG lipase and lipoprotein lipase activity, collectively
contributing to an improved lipid profile (Westerbacka et al. 2005; Karkos et al. 2011).
Furthermore, previous research showed a potential of algal supplementation to reduce
cholesterol absorption and bile reabsorption in the ilium. Therefore, spirulina, a blue-green
alga, may exert similar effects through this pathway (Ionov and Basova 2003; Kulshreshtha
et al. 2008). Additionally, spirulina contains B3 vitamin, also known as niacin, which is
established to improve dyslipidemia (Shah et al. 2013).

The effect of spirulina on glucose metabolism

The effect of spirulina supplementation on glucose metabolism biomarkers such as
fasting blood sugar (FBS) and hemoglobin Alc (HbAlc) has been investigated through
multiple clinical trials. The randomized, double-blind placebo-controlled trial by Karizi
et al. (2023) showed that after three-months of spirulina supplementation (2g/day) a
significant decrease in HbAlc (-1.43, p<0.001) and FBS (-24.94mg/dL, p<001) levels
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were demonstrated in 30 patients with uncontrolled diabetes at baseline (Karizi et al.
2023). Another clinical trial administered a liquid extract of spirulina for three months
to 20 metabolic syndrome patients found no change in glucose and insulin blood
values (Koite et al. 2022). These results may be expected because the spirulina extract
‘Spirulysat®” is mainly protein (2g/L), 50% of which is phycocyanin (1g/L) and also
polysaccharides make 0.5g/L. Many of the beneficial effects of spirulina previously
reported studies used the whole algae supplement and not only the water extract.
Finally, the dose of spirulina administered to patients in this study is around 0.02¢g
of spirulina per day, which is very low compared to other clinical trials and may
explain their contrasting results (Koite et al. 2022). A single-blinded non-randomized
controlled trial conducted on type 2 diabetes patients supplemented 7 grams of spir-
ulina daily for 45days and found that although FBS and post-prandial blood sugar
was lowered, the difference was not significant when compared with the control group.
Also, spirulina supplementation did not alter HbAlc and urine sugar levels in the
experimental group (Alam et al. 2016). This indicates that such negative results are
not likely due to the spirulina supplementation, but rather due to another confounder.
A randomized clinical trial by Szulinska et al. (2017) also found that insulin sensitivity
ratio increased 3.2+ 1.8 mg/kg/min to 4.3 +2.1 mg/kg/min (p<0.001) by the end of the
3 months intervention period with 2 grams per day of spirulina (Szulinska et al. 2017).
This implies that participants became more sensitive insulin, promoting efficient cellular
glucose uptake and resulting in lower blood glucose levels. Another clinical trial by
Beihaghi et al. (2017) supplemented 8 grams of spirulina on a daily basis for 3 months
to 20 diabetic patients. A significant decrease in FBS from 158.1 +44.2mg/dl at baseline
to 127.8+£36.7mg/dl was demonstrated in the spirulina-supplemented group with a
non-significant decrease in HbAlc levels (Beihaghi et al. 2017). A lower dose of 3
grams was administrated by Parikh et al. for 2months to 25 diabetic patients was
effective in lowering FBS by 19.3mg/dl (p<0.05), which is less impactful compared
to Beihaghi’s study of —31mg/dl. Parikh et al. also showed a decrease in postprandial
blood sugar by 16.1mg/dl (p<0.05) and HbAlc by 1.0% (p<0.05) compared with
baseline concentrations in the study group (Parikh et al. 2001).

Possible mechanisms of action

The effect of spirulina on fasting blood sugar levels and post-prandial blood sugar levels
may be explained through multiple mechanisms. Due to the rich content of high-quality
proteins, spirulina helps in promoting the release of insulin into the bloodstream, as it
is well established that proteins and amino acids consumption enhance insulin secretion
(Westphal et al. 1990; Iyer Uma et al. 1999). This enhanced and healthier pattern of
insulin secretion promotes an improved glucose tolerance. Moreover, it has been shown
that spirulina affects pancreatic cells in multiple aspects, most importantly via Ca** ion
and KATP channels (Billington et al. 2013; Wang et al. 2015) (Figure 1).

Safety of spirulina supplements

Short- and long-term consumption of spirulina doesn't induce toxicity or major com-
plications (Sarubin-Fragakis 2007). A study supplementing 8 grams of spirulina for
3months reported gastrointestinal side effects such as abdominal pain and diarrhea,
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however, the symptoms generally disappeared within days (Beihaghi et al. 2017). Notably,
spirulina must be consumed with caution in patients with protein or amino acids abnor-
malities such as phenylketonuria or maple sirup urine disease, since spirulina is a high
source of proteins and amino acids (Marles et al. 2011). Additionally, individuals with
a history of allergy to algae should use spirulina with caution, as anaphylaxis, a severe
and potentially life-threatening systemic allergic reaction, was reported in one study
supplementing spirulina (Le et al. 2014). Of importance is the heavy metals and/or
minerals concentrations in spirulina supplement preparation, which is mainly determined
by the growth conditions (Al-Dhabi 2013). Nevertheless, a study by Al-Dhabi (2013)
showed that the heavy metals and/or minerals concentration in spirulina commercial
supplements did not exceed the regulated upper limits (Pande et al. 1981; Al-Dhabi 2013).

Conclusion

Spirulina, a cyanobacterium rich in essential nutrients, emerges as a promising dietary
intervention in addressing cardiometabolic risk factors. Multiple clinical trials showed
consistent benefits in reducing body weight, enhancing lipid profiles, and improving
inflammation markers and glucose metabolism. Spirulina’s composition of phycocyanin,
gamma-linolenic acid, B vitamins, and powerful antioxidants are the reason for these
positive outcomes. However, available evidence is heterogenous for spirulina dosage,
intervention duration, and patient disease-status, which warrants further investigation.
The small, reported effect sizes along with the small sample sizes mandates larger con-
trolled clinical trials to reveal conclusive evidence regarding the protective of spirulina
against cardiometabolic diseases. The integration of spirulina supplements into clinical
practice still requires more long-term randomized clinical trials to establish the optimal
usage of spirulina as a nutritional supplement and identify long-term safety profiles.
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