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ABSTRACT 

Anemia during pregnancy continues to pose a significant burden, particularly 
in low- and middle-income countries (LMICs). Anemia is a major contributor in 
increasing maternal illness and negative pregnancy outcomes. Spirulina, a nutrient-
dense blue-green alga rich in bioavailable iron, has gained attention as a potential 
nutritional intervention to support hemoglobin improvement in pregnancy. This 
systematic review and meta-analysis, adhering to PRISMA standards, sought to 
assess the impact of Spirulina supplementation on improving hemoglobin levels 
among pregnant women. A single-arm meta-analysis was performed to assess 
the change in hemoglobin levels before and after Spirulina supplementation, 
while a comparative meta-analysis evaluated the mean difference in hemoglobin 
improvement between Spirulina and standard iron supplementation. Four eligible 
studies involving 1,070 pregnant women were included. The single-arm analysis 
demonstrated a significant increase in hemoglobin levels following Spirulina 
supplementation, with a pooled mean difference (MD) of 1.81 g/dL (95% CI: 0.24 
- 3.39; p = 0.024). In the comparative analysis, Spirulina showed a non-significant 
trend toward higher hemoglobin than standard iron, with a pooled MD of 1.45 
g/dL (95% CI: –0.22 - 3.13; p = 0.088). Risk of bias was low to moderate, and the 
overall certainty of evidence was classified as moderate. These findings suggest 
that Spirulina may be a promising adjunct for improving maternal hemoglobin, 
particularly in settings where local cultivation and food-based approaches are 
preferred. Further high-quality randomized trials are recommended to ascertain 
its clinical efficacy and inform policy on its integration into maternal nutrition 
programs.

ABSTRACT

Anemia pada kehamilan merupakan masalah kesehatan masyarakat yang serius, 
terutama di negara berpenghasilan rendah dan menengah. Anemia merupakan 
kontribusi meningkatknya risiko morbiditas ibu serta komplikasi kehamilan. 
Spirulina, mikroalga hijau-biru yang kaya akan zat besi dan nutrisi penting 
lainnya, telah dikenal sebagai intervensi gizi potensial untuk meningkatkan kadar 
hemoglobin selama kehamilan. Studi ini bertujuan mengevaluasi efektivitas 
suplementasi Spirulina dalam meningkatkan kadar hemoglobin pada ibu hamil 
melalui tinjauan sistematis dan meta-analisis yang dilakukan berdasarkan 
pedoman PRISMA. Analisis single-arm dilakukan untuk menilai perubahan kadar 
hemoglobin sebelum dan sesudah suplementasi Spirulina, sementara meta-
analisis komparatif digunakan untuk membandingkan peningkatan hemoglobin 
antara kelompok Spirulina dan kelompok kontrol yang menerima suplementasi 
zat besi standar. Sebanyak empat studi dengan total 1.070 ibu hamil dianalisis. 
Hasil analisis single-arm menunjukkan peningkatan signifikan kadar hemoglobin 
setelah suplementasi Spirulina, dengan mean difference (MD) sebesar 1,81 g/dL 
(Confidence interval/CI 95%: 0,24 - 3,39; p = 0,024). Pada analisis komparatif, Spirulina 
menunjukkan peningkatan yang non-signifikan dibandingkan suplementasi 
standar, dengan MD sebesar 1,45 g/dL (CI 95%: –0,22 -  3,13; p = 0,088). Risiko bias 
pada studi yang disertakan dinilai rendah hingga sedang, dan tingkat certainty 
of evidence secara keseluruhan tergolong sedang. Hasil ini menunjukkan bahwa 
Spirulina merupakan intervensi yang memiliki potensi dan menjanjikan untuk 
meningkatkan kadar hemoglobin pada ibu hamil, khususnya di wilayah yang 
mendukung budidaya lokal. Penelitian lanjutan dengan uji acak terkontrol yang 
berkualitas tinggi direkomendasikan untuk memperkuat bukti dan mendukung 
penerapan Spirulina dalam program gizi maternal.



InaJBCS, Volume 58, Number 1, 2026 January: 

INTRODUCTION

Pregnancy-related anemia is still a 
major public health issue, particularly 
in low- and middle-income countries 
(LMICs), where the prevalence exceeds 
global averages.1-3 The World Health 
Organization reports that 36.5% of 
pregnant women worldwide are affected 
by it, with even higher rates in Southeast 
Asia, including Indonesia, where it 
reaches 48.9% nationally.4,5 Anemia in 
pregnancy is correlated with a host of 
unfavorable maternal and neonatal 
outcomes, encompassing preeclampsia, 
postpartum hemorrhage, preterm 
birth, and even maternal-perinatal 
mortality.6,7 These outcomes underscore 
the critical importance of implementing 
effective, affordable, and well-tolerated 
strategies to manage anemia in pregnant 
individuals.7

While iron and folic acid 
supplementation is widely recognized 
as the standard approach for treating 
maternal anemia, poor adherence 
persists, primarily due to adverse 
effects like gastrointestinal discomfort, 
nausea, and vomiting.8 Moreover, 
while the Indonesian government 
provides iron tablets as part of antenatal 
care, coverage and compliance are 
suboptimal.9 In light of these persistent 
barriers, there is an increasing interest 
in alternative nutritional approaches 
that are better tolerated and potentially 
more sustainable.10,11 Among these, 
Spirulina platensis, a filamentous 
cyanobacterium widely consumed as 
a dietary supplement, has garnered 
attention because to its dense nutrient 
content.12,13

Spirulina contains highly 
bioavailable iron, providing up to 28.5 
mg per 100 g, making it a potent dietary 
source for improving hematologic 
parameters.9,10 Additionally, it offers a 
range of other beneficial components, 
including proteins, essential amino 
acids, vitamins, and minerals like 

magnesium and calcium.14 Spirulina 
also harbors antioxidant and 
antiinflammatory substances, which 
may support erythropoiesis and overall 
immune health during pregnancy.15,16 
It was shown to increase hemoglobin 
levels in pregnant women and is 
generally well tolerated.12 Spirulina is 
also recognized for its safety by the US 
Food and Drug Administration (US FDA) 
and holds promise for sustainable local 
production.17 Its versatility in cultivation, 
thriving in alkaline water and requiring 
minimal land, positions it as an ideal 
supplement for food security initiatives 
in underserved areas.18 Moreover, unlike 
synthetic iron supplements, Spirulina 
has been linked to a decreased risk of 
gastrointestinal side effects, potentially 
improving compliance and long-term 
outcomes.19

Despite these advantages, evidence on 
the effectiveness of Spirulina compared to 
standard iron supplementation remains 
limited and inconclusive.10,12,20 Current 
studies vary significantly in design, 
dosage, population characteristics, and 
outcome measures, making it difficult to 
draw definitive conclusions regarding its 
efficacy.9,10,12,20 Furthermore, some trials 
have evaluated Spirulina as a stand-
alone intervention, while others have 
used it in combination with conventional 
iron therapy, complicating comparisons.9 
The lack of consensus also extends to 
the duration of intervention needed 
to achieve meaningful hematological 
improvements.

The objective of this review was 
to review the effect of Spirulina 
supplementation on hemoglobin 
concentrations in anemic pregnant 
women using a systematic review 
and meta-analytical approach. Both 
single-arm and comparative analyses 
were carried out to assess hemoglobin 
alterations after Spirulina intake and 
to determine whether it can serve as 
an effective alternative or complement 
to conventional iron supplementation, 
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particularly in settings where adherence 
and access to standard therapy remain 
challenges. By synthesizing existing 
evidence and quantitatively analyzing 
changes in hemoglobin concentrations, 
this review seeks to clarify the role 
of Spirulina in maternal anemia 
management and to guide future public 
health strategies in resource-limited 
settings.

MATERIAL AND METHODS

This review and meta-analysis 
followed the PRISMA 2020 guidelines for 
reporting systematic reviews to ensure 
methodological transparency and 
consistency.21 Additionally, this research 
was filed in PROSPERO under the ID 
CRD420251117350. The objective was 
to synthesize available evidence on the 
effect of Spirulina supplementation on 
hemoglobin levels in pregnant women 
diagnosed with anemia. An extensive 
search of the literature was carried 
out using PubMed, Cochrane Library, 
ScienceDirect, and Google Scholar to 
identify studies published through 
July 2025. Search terms used included 
“Spirulina,” “pregnancy,” “anemia,” 
and “hemoglobin.” Two reviewers 
independently screened titles and 
abstracts using a standardized form, 
and disagreements were resolved by a 
third reviewer. No AI tools were used, 
and selection was carried out entirely 
through human review. If a full text 
was not available, we emailed the 
corresponding author. If there was no 
response, the record was excluded and 
the reason was documented. 

Studies were included if they enrolled 
pregnant women of any gestational age 
with anemia and reported changes in 
hemoglobin levels either before and after 
Spirulina supplementation (single-arm 
design) or in comparison to standard iron 
supplementation (comparative design). 
Trials were eligible when Spirulina was 
used as monotherapy or as an add-on to 

standard iron and folate, provided that 
background therapy was identical across 
groups. Studies combining Spirulina with 
additional active nutrients not matched 
in the comparator or with unequal 
background therapy were excluded. 
The types of studies considered eligible 
encompassed randomized controlled 
trials, cohort studies, and quasi-
experimental designs, while reviews, 
animal studies, case reports, and articles 
lacking extractable data were excluded.

Two reviewers independently 
extracted relevant data using a 
standardized form, including study 
identifiers, country, design, participant 
characteristics, intervention details 
(dosage, frequency, duration), control 
regimen, and hemoglobin values (mean, 
standard deviation, and sample size). For 
non-randomized comparative studies, 
including cohort and quasi-experimental 
designs with control groups, the 
Newcastle–Ottawa Scale (NOS) was 
used. Single-arm pre–post studies were 
evaluated using the National Institute 
of Health (NIH) Quality Assessment Tool 
specifically designed for before-and-
after studies lacking a control group. Any 
disagreements related to study inclusion, 
data collection, or risk of bias evaluation 
were addressed through discussion and 
mutual agreement.

Statistical analysis was performed 
using the meta package in RStudio. 
The primary outcome was the mean 
difference (MD) in hemoglobin levels. 
A single-arm meta-analysis pooled pre- 
and post-intervention Hb changes, and 
a comparative analysis evaluated the 
difference in Hb improvement between 
Spirulina and control groups. Parallel-
group studies were pooled, combining 
all eligible study designs into a single 
comparative meta-analysis. Pooled effect 
sizes were calculated using the inverse 
variance method with 95% confidence 
intervals. Statistical heterogeneity was 
assessed using the I² and τ² metrics. 
A random-effects model was applied 
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as the primary approach. When 
heterogeneity was low, with I2 < 30%, a 
fixed-effect inverse-variance estimate 
was additionally reported. The GRADE 
framework was used to determine the 
overall certainty of evidence, taking 
into account factors such as risk of bias, 
variability among studies, precision of 
estimates, applicability, and potential for 
publication bias.

RESULTS

Study selection

A total of 2,583 records were identified 
across PubMed (37), ScienceDirect (189), 

and Google Scholar (2,350), as outlined in 
the PRISMA flowchart (FIGURE 1). After 
eliminating 1,971 irrelevant entries, 612 
records proceeded to title and abstract 
screening, where 593 were excluded. 
Full texts were sought for 19 articles, but 
11 could not be retrieved. Of the eight 
full-text articles reviewed, four were 
excluded due to either incompatible 
populations or outcomes. In the end, four 
studies fulfilled all eligibility criteria. The 
limited overall yield reflects frequent 
exclusions for non-pregnant populations, 
non-interventional designs, absence 
of hemoglobin outcomes or variance 
statistics, and several inaccessible full 
texts.
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FIGURE 1. Selection process based on PRISMA guideline
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Characteristic of selected studies

Baseline characteristics of each study 
were extracted in TABLE 1. Four studies 
involving a total of 1,070 pregnant 
women were included in this review, 
comprising both quasi-experimental 
and randomized cohort designs. Study 
locations ranged from Indonesia to 
Senegal, with intervention durations 
of 4 to 8 wk. Participants were anemic 
pregnant women, generally in the 
second or third trimester, with baseline 
hemoglobin ranging from 8 to 11 g/dL. 
Spirulina platensis supplementation was 
provided in capsule form, typically 300–
500 mg per day, either alone or alongside 
standard iron therapy. Control groups 
received standard iron or iron–folic acid 
supplementation. The reported mean 
age of participants in the intervention 
groups ranged from 23.45 to 27.87 yr, 
while control group ages ranged from 
24.01 to 32 yr. One study did not report 
participant age. Sample sizes varied 
from 30 to 460 participants per group.

The risk of bias assessment was 
conducted based on the study design. 
As summarized in TABLE 2, three 
non-randomized comparative studies, 
Marlina et al.,10 Niang et al.,20 Anggraeni 
et al.,12  were evaluated using the NOS. All 
three studies achieved full scores in the 
selection domain, while comparability 
and outcome domains showed variability. 
Niang et al.,20 scored highest overall 
(8/9), indicating good methodological 
quality, while Marlina et al.,10 Anggraeni 

et al.,12 were rated as moderate due to 
limited adjustment for confounders and 
incomplete outcome reporting. The pre–
post single-arm study by Nurhayati et 
al.,9 was assessed using the NIH Quality 
Assessment Tool. Of the 11 applicable 
criteria, the study met 7. It clearly stated 
its objective, defined eligibility criteria, 
described the intervention appropriately, 
and used adequate statistical methods. 
Notable limitations involved the absence 
of a comparison group, insufficient 
justification for sample size, and lack 
of blinding, and a single pre-post 
measurement without repeated outcome 
assessment. Based on this, the study was 
judged to be of fair quality.

Outcome analysis of selected study

In the single-arm meta-analysis, 
which included three studies shown in 
FIGURE 2, Spirulina supplementation 
resulted in a statistically significant 
increase in hemoglobin levels. The 
pooled MD was 1.81 g/dL (95% CI: 0.24 
to 3.39) under the random effects model 
(p = 0.0243), and 1.44 g/dL (95% CI: 
1.20 to 1.67) under the common effect 
model (p < 0.0001). However, substantial 
heterogeneity was present (I² = 94.7%, 
τ² = 1.8698, p < 0.0001), indicating 
considerable variability in effect sizes 
across studies. All individual studies 
showed positive effects, with Marlina et 
al.,10 reporting the largest mean increase 
of 3.44 g/dL.
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TABLE 1. Summary of included studies evaluating Spirulina supplementation in 
pregnant women with anemia

Studies, 
year

Location Study design Patient 
characteristics

Time-
line

Number of 
patients

Age (men ± SD yr) Regimens

I C I C I C

Anggraeni 
et al.12

East Java, 
Indonesia

Quasi-
experimental

Second 
and third 
trimester with 
anemia

4 wk 30 30 27.87 ± 6.68 32 ± 7.15 S. platensis ex-
tract capsule 
300 mg once/
day for 30 d + 
standard care 
of iron tablets

Standard care 
(iron tablets)

Marlina et 
al.10

West Java, 
Indonesia

Quasi-
experimental

Gestational 
age >20 wk, 
and anemia 
range 8-11 g/
dL

8 wk 30 30 23.45 ± 2.76 24.01±1.34 S. platensis 
extract capsule 
300 mg once/d 
for 8 wk

Standard care 
(iron tablets; 
60mg iron)

Niang et 
al.20

Dakar, 
Senegal

Randomized 
cohort trial

Patient at 
28 wk of 
amenorrhea 
with anemia

4 wk 460 460 26.6 ± 6.22 26.9 ± 6.13 Spirulina sup-
plementation 
of 3x500 mg/
day

Iron & folic 
acid supple-
mentation 
(IFAS) = 90mg 
ferrous sulfate 
and 1 mg/d 
folic acid

Nurhayati 
et al.9

West Java, 
Indonesia

Quasi-
experimental

Second 
trimester and 
anemia range 
8-11 g/dL

8 wk 30 No Not 
reported

No control S. platensis 
extract capsule 
300 mg once/
day for 8 wk

No control

*I = intervention group; C = comparison group

TABLE 2. Risk of bias for eligible studies evaluating Spirulina supplementation in 
pregnancy

Study Risk of bias tool Domain-level assessment Overall rating

Marlina et al.10 NOS Selection (4/4), Comparability (1/2), Outcome (2/3) Moderate

Niang et al.20 NOS Selection (4/4), Comparability (2/2), Outcome (2/3) Good

Anggraeni et al.12 NOS Selection (3/4), Comparability (1/2), Outcome (1/3) Moderate

Nurhayati et al.9 NIH (pre–post) Met 9 of 12 criteria; main issues: no control, no 
blinding, no sample size calculation

Fair

FIGURE 2. Forest plot of single-arm pre–post analysis evaluating the effect of Spirulina 
on hemoglobin (g/dL) in pregnancy 
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In the comparative meta-analysis, 
which pooled data from three studies 
comparing Spirulina to standard care 
or iron supplementation, no statistically 
significant difference in hemoglobin 
improvement was observed between 
the groups (MD = 1.45 g/dL; 95% CI: –0.22 
to 3.13; p = 0.0881), as shown in FIGURE 
3. Heterogeneity was again high (I² = 
95.0%, τ² = 1.7135, p < 0.0001), primarily 
driven by large differences between 
smaller and larger studies. Marlina et 
al.,10 demonstrated the most pronounced 
treatment effect with a mean difference 
of 3.17 g/dL in favor of Spirulina. In 
contrast, Niang et al.,20 study, which 
contributed the most weight, showed 
smaller and non-significant differences 
between groups. 

Using the GRADE approach in TABLE 

3, the overall certainty of evidence 
was rated as moderate for both the 
single-arm and comparative meta-
analyses. In the single-arm analysis, 
all three studies showed an increase 
in hemoglobin following Spirulina 
supplementation, with some variation 
in effect sizes but consistent direction 
of effect. For the comparative analysis, 
three studies demonstrated greater 
hemoglobin improvement in the 
Spirulina group compared to standard 
iron supplementation, even if the null 
was included in the confidence interval. 
While heterogeneity was present, 
no serious concerns were identified 
regarding indirectness or publication 
bias, and the evidence was considered 
directly applicable to the target 
population.

FIGURE 3. Forest plot comparing the mean increase in hemoglobin (g/dL) between 
Spirulina-treated and control groups

TABLE 3. GRADE summary of evidence certainty for hemoglobin improvement following 
Spirulina supplementation

Outcome No. of 
studies

Design Risk of 
bias

Inconsistency Indirectness Imprecision Publication 
bias

Overall 
certainty

Increase in 
Hb

3 Quasi-
experimental 
& pre–post

Moderate Serious Not serious Serious Not suspected ⬤⬤◯◯ 
Moderate

Hb change 
Spirulina vs 
Control

3 Quasi-
experimental 
& cohort RCT

Moderate Serious Not serious Serious Not suspected ⬤⬤◯◯ 
Moderate
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DISCUSSION

This meta-analysis demonstrated 
a positive effect of Spirulina 
supplementation on hemoglobin 
concentrations in anemic pregnant 
women. The single-arm analysis 
demonstrated a statistically significant 
mean increase in hemoglobin of 1.81 g/
dL following Spirulina intake, indicating 
a consistent benefit across studies. The 
comparative meta-analysis showed no 
statistically significant difference in 
hemoglobin increase between Spirulina 
and standard iron supplementation. 
This difference in statistical outcome 
between the two analyses may be 
because the comparative analysis 
evaluated the relative effectiveness of 
Spirulina supplementation compared 
to standard iron supplementation or no 
intervention group, providing a more 
direct estimation of its comparative 
clinical benefit. While both analyses 
contribute valuable insights, results 
from comparative studies generally 
provide stronger evidence due to the 
presence of a control group, allowing for 
direct estimation of the intervention’s 
effect while accounting for confounding 
variables. In contrast, single-arm 
studies may overestimate treatment 
effects as they do not control for natural 
improvements or external influences. 
Furthermore, the comparative studies 
included in this review demonstrated 
more conservative results, which 
may be attributed to differences in 
comparator interventions (varying iron 
doses and co-supplements) and larger 
sample sizes. Larger samples generally 
improve statistical power and may yield 
more stable but conservative estimates. 
These factors may have contributed 
to the attenuation of effect sizes in the 
comparative analysis.

Based on each study’s contribution 
to the forest plot, the contrasting result 
in the Marlina et al.,10 study may be 
partly explained by the comparison 

group, which received only 60 mg of 
elemental iron, whereas the Niang study 
used a higher 90 mg dose combined 
with folic acid, potentially leading to a 
stronger control effect.10,20 Additionally, 
the Marlina et al.,10 study had a smaller 
sample size and was conducted in a 
more localized setting, which may have 
amplified the observed treatment effect 
due to reduced variability or higher 
adherence. However, overall, all the 
examined studies showed a consistent 
direction of impact, and the certainty of 
evidence was rated as moderate based 
on the GRADE assessment.

In addition to its role in improving 
anemia, Spirulina has also demonstrated 
potential in addressing chronic energy 
deficiency (CED) among pregnant 
women. A study by Kundarti et al.,11 found 
that daily S. platensis extract significantly 
improved nutritional status, as measured 
by mid-upper arm circumference. After 
30 d of supplementation, 67% of the 
intervention group no longer met the 
criteria for CED, compared to just 7% 
in the control group. These findings 
underscore Spirulina’s value as a 
practical, food-based intervention to 
combat maternal undernutrition.

Beyond pregnancy, Spirulina 
supplementation has also demonstrated 
beneficial effects in various other 
populations. A recent GRADE-assessed 
meta-analysis of 17 randomized 
controlled trials by Lak et al.,22 showed 
that Spirulina significantly reduced body 
weight, body mass index, and body fat 
percentage, particularly at doses ≥2 g/d 
and durations >12 wk. These effects were 
most prominent in obese individuals 
and older adults, indicating a potential 
metabolic benefit beyond hematologic 
parameters. In contrast, a clinical trial in 
mildly anemic young women conducted 
by Leal-Esteban et al.,23 did not observe 
significant improvements in hemoglobin 
or ferritin levels after 3 mo of daily 3 g 
Spirulina snack bar supplementation. 
This discrepancy may be attributed to 
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short intervention duration, dietary 
inhibitors in the snack matrix, low iron 
bioavailability in the product, or the 
absence of deworming in participants. 
Nonetheless, the study highlighted 
Spirulina’s acceptability and tolerability, 
reinforcing its feasibility as a nutritional 
intervention.

Notably, Spirulina is a blue-green 
algae recognized for its exceptional 
nutritional composition, particularly in 
relation to its iron content, which plays a 
central role in hemoglobin synthesis.24,25 
It contains approximately 100 to 170 mg 
of iron per 100 g, along with high levels 
of vitamin B12, folic acid, and essential 
amino acids such as leucine, lysine, and 
methionine, all of which are essential 
for red blood cell production.17,26 Unlike 
many plant-based sources, the iron 
in Spirulina is highly bioavailable 
and more readily absorbed, partly 
due to its low phytate content and the 
absence of compounds that inhibit iron 
absorption.26,27 One of Spirulina most 
important components is C-phycocyanin, 
a biliprotein known for its antioxidant 
and hematopoietic properties. This 
compound not only enhances iron 
uptake but also supports erythropoiesis 
by stimulating bone marrow activity and 
mimicking the effect of erythropoietin 
(EPO), the hormone responsible for 
promoting red blood cell formation.27,28 
In addition, Spirulina contains a broad 
range of micronutrients and vitamins 
that contribute to improved immune 
function, reduced inflammation, and 
protection of red blood cells from 
oxidative damage.17,27 The antioxidant 
activity of β-carotene, vitamin E, and 
phycocyanin can mitigate oxidative 
stress that contributes to red blood cell 
breakdown, while also preserving the 
integrity of developing erythrocytes.27,29 
Additionally, the immune-modulating 
polysaccharides in Spirulina may 
suppress inflammatory pathways that 
increase the liver-derived hormone 
hepcidin, which hinders the absorption 

of iron during chronic inflammation.16,30 
The presence of B-complex vitamins, 
especially folate, B6, and B12, further 
supports DNA synthesis, erythroid 
cell division, and red blood cell 
maturation.25,31

Based on the quantitative nutrient 
data, Spirulina provides around 55 
to 70% high-quality protein by dry 
weight, which includes all essential 
amino acids necessary for supporting 
maternal nutrition and hemoglobin 
production.32 In comparison to other 
iron-rich nutritional supplements such 
as Moringa oleifera or iron bisglycinate, 
Spirulina demonstrates a unique profile 
by combining highly bioavailable iron 
with additional bioactive compounds 
that enhance erythropoiesis and reduce 
oxidative stress.33,34 Unlike M. oleifera, 
which is rich in iron but contains 
phytates that may inhibit absorption, 
Spirulina’s low phytate content allows 
for superior iron bioavailability.35,36 
Furthermore, compared to synthetic 
iron-folate supplements, Spirulina 
has been associated with fewer 
gastrointestinal side effects, which may 
improve compliance among pregnant 
women.19

The findings of this study support 
the potential role of Spirulina 
supplementation as an adjunctive 
strategy for improving hemoglobin 
levels in pregnant women with anemia, 
particularly in low-resource settings.10,12 
Given its high iron content, ease of 
consumption, and favorable tolerability 
profile, Spirulina may serve as a 
practical alternative or complement to 
conventional iron supplementation, 
especially in populations with poor 
adherence to iron-folate tablets. Its 
potential for local cultivation further 
enhances its appeal as a sustainable, 
community-based nutritional 
intervention. Based on the safety profile, 
Spirulina is categorized as “Generally 
Recognized as Safe” by the US FDA, 
with reported side effects being rare 
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and generally mild, such as insomnia 
or gastrointestinal discomfort. Severe 
adverse events like rhabdomyolysis or 
anaphylaxis are extremely uncommon 
and often linked to underlying 
conditions or co-ingestion with other 
supplements. However, caution is 
advised in individuals with autoimmune 
diseases or those taking cytochrome 
P450-metabolized medications.16

Based on the dosing regimens used 
in the included studies, Spirulina was 
typically administered in doses of 300–
500 mg per d, often in capsule form, 
over a period ranging from 4 to 8 wk. 
Significant hemoglobin improvement 
was observed within this timeframe, 
suggesting that a daily dose of 300 
mg for at least 30 d may be a practical 
and effective starting point for clinical 
use, particularly in mild-to-moderate 
anemia. Spirulina may be integrated 
into antenatal care either as a stand-
alone supplement or in combination 
with dietary counseling and standard 
iron-folic acid supplementation. Clinical 
guidelines may consider including 
Spirulina as a supplementary nutritional 
therapy for maternal anemia, supported 
by further validation through large-scale 
randomized controlled trials.

Despite promising clinical findings, 
real-world implementation of Spirulina 
supplementation in maternal health 
programs poses challenges. Product 
standardization, regulatory approval, 
storage conditions, and pricing models 
need to be addressed to ensure quality 
and accessibility.37 Moreover, the 
acceptability of Spirulina in different 
cultural contexts may influence its 
uptake.38 However, successful examples 
of Spirulina cultivation in community 
farms in several countries suggest 
that local production is feasible 
and may contribute to economic 
empowerment.37,38 Integrating Spirulina 
into government-run antenatal care 
initiatives or community-based 
nutrition programs may be viable, 

provided sufficient policy support and 
implementation research are in place.

This study is among the first meta-
analyses to systematically evaluate the 
impact of Spirulina supplementation 
on hemoglobin levels in pregnant 
women using both single-arm and 
comparative approaches. By including 
diverse study designs and focusing on 
clinically relevant outcomes, it provides 
a comprehensive overview of Spirulina’s 
potential as a nutritional intervention in 
antenatal care. The dual analysis method 
strengthens the validity of findings by 
capturing both within-group effects and 
between-group comparisons. Moreover, 
the study applies rigorous methodology, 
including PRISMA-guided selection, 
domain-specific risk of bias assessments, 
and GRADE evaluation of evidence 
certainty, enhancing transparency and 
reproducibility. The focus on low- and 
middle-income countries also increases 
its relevance to global maternal health 
policy and nutrition programming.

Despite its strengths, this study 
has several limitations. Most included 
studies were non-randomized and quasi-
experimental in design, which may 
introduce inherent bias and limit causal 
inference. Additionally, due to the limited 
number of eligible studies, all study 
designs were combined into a single 
meta-analysis, potentially increasing 
methodological heterogeneity. Our 
search covered PubMed, ScienceDirect, 
Cochrane Library, and citation chasing 
via Google Scholar, but we did not 
search additional databases such as 
Embase, Scopus, or Web of Science, so 
some studies may have been missed. 
The substantial heterogeneity observed 
across studies may be attributed to 
differences in study design, sample sizes, 
baseline hemoglobin levels, Spirulina 
dosages, intervention durations, and 
control group regimens, all of which 
could have influenced the magnitude of 
hemoglobin response. Limited reporting 
of participant characteristics, such as 
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dietary habits and iron status at baseline, 
restricts subgroup analysis. Future 
research should prioritize well-designed, 
large-scale randomized controlled trials 
to confirm Spirulina’s efficacy, define 
optimal dosing and duration, and 
explore its long-term effects on maternal 
and neonatal outcomes. Furthermore, 
studies examining the integration of 
Spirulina into public health nutrition 
strategies and its local production 
feasibility in low-resource settings are 
warranted.

CONCLUSION

While our single-arm meta-analysis 
showed a statistically significant increase 
in hemoglobin levels following Spirulina 
supplementation, the comparative 
analysis found no significant 
difference compared to standard iron 
supplementation. Therefore, Spirulina 
may be considered comparable in 
efficacy and offers additional value due 
to its accessibility and nutritional profile, 
but further large-scale RCTs are needed 
to confirm superiority or equivalence.
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