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Abstract 

Background  This review aims to assess the effect of oral administration of probiotics and/or prebiotics in children 
and women of reproductive age (WRA) to improve intestinal iron absorption, hemoglobin, and ferritin levels.

Methods  Randomized controlled trials from published literature on probiotics and or prebiotics for prevention 
or treatment of anemia as a supplement or fortification in children or WRA till Jan 31, 2023, were included. Studies 
on probiotics and prebiotics in patients with anemia due to other causes were excluded. Screening and data extrac-
tion was done using Distiller SR and meta-analysis was performed using Revman 5.4.1.

Results  A total of 1925 records were identified from Pubmed, Embase, and Cochrane, of which 29 were included 
in the systematic review (14 supplementation and 15 fortification studies; 15 studies in children and 14 studies 
in WRA). The major interventions included galacto-oligosaccharide, inulin, heat-killed H61, Lactobacillus plantarum 
299v, Lactobacillus reuteri, Lactobacillus acidophilus.

Meta-analysis of 5 studies in WRA showed that the use of prebiotics and/or probiotics with or without iron was asso-
ciated with little or no effect on hemoglobin. However, there is low certainty of evidence that the intervention led 
to improvement in fractional absorption of iron as compared to placebo or iron [8 studies, n = 335, mean increase 
0.74%, 95%CI-0.11–1.38, p = 0.02]. Meta-analysis of 6 studies in WRA using prebiotics and/or probiotics with or without 
iron led to a significant increase in ferritin levels in WRA (mean increase 2.45 ng/ml, 95% CI 0.61–4.3, p = 0.009, n = 320) 
[Moderate certainty of evidence].

In children, meta-analysis of up to 8 studies did not result in any significant change in hemoglobin, ferritin and frac-
tional iron absorption [low or very low certainty of evidence].

Conclusion  There is some evidence to show that the use of prebiotics or probiotics (especially Lp299v and GOS) 
with or without oral iron can improve iron absorption in women and lead to improvement in ferritin levels in women. 
However, the current evidence does not conclusively show the benefit of these interventions in improving hemo-
globin levels in women and children.
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intestinal microbiota, undergo degradation to produce 
short-chain fatty acids which can impact gastrointestinal 
and systemic effects.

There is increasing evidence of the use of probiot-
ics and prebiotics in optimizing dietary iron bioavail-
ability [12]. Lactobacillus acidophilus, Bifidobacterium 
longum, and Lactobacillus plantarum 299v are a few 
probiotic strains that have shown improvement in iron 
absorption in humans [12, 13]. Moreover, probiotics have 
been shown to play a role in the production of vitamins 
(B1, B2, B6, B12, K) [14, 15] and short-chain fatty acids. 
Some of the bacterial strains may have a beneficial role 
in iron absorption [13]. Galacto-oligosaccharides (GOS) 
have been suggested to improve iron absorption in the 
gastrointestinal tract probably by increasing the gas-
tric residence time allowing more absorption, stimulat-
ing enterocyte gene expression of the proteins involved 
in iron absorption, stimulating enterocyte proliferation, 
providing a greater surface for iron absorption and anti-
inflammatory effects in the colon reducing circulating 
hepcidin [16–18].

Despite this, there is no systematic review available 
on the effect of probiotic or prebiotic intervention on 
changes in hemoglobin levels or iron absorption in chil-
dren and young women.

Objectives
This systematic review and meta-analysis was under-
taken to systematically evaluate the evidence of the effect 
of prebiotics and probiotics on changes in hemoglobin 
levels, iron stores, and iron absorption in WRA and 
children.

Methods
The protocol for this systematic review was registered 
prospectively at PROSPERO [CRD42023399502].

Eligibility criteria
Original manuscripts on randomized controlled trials 
(RCTs) including parallel or cross-over design, quasi-
experimental from published literature that used prebi-
otics and/or probiotics for prevention or treatment 
of anemia in children and WRA (15–45 years) were 
included. Studies related to probiotic, prebiotic or sym-
biotic interventions either provided as supplementation 
or as fortificant that assessed the impact of these inter-
ventions on change in the anemia status (using hemo-
globin and/or ferritin) and absorption of iron using 

Introduction
Nutritional anemia is an important public health con-
cern worldwide, especially among children and women of 
reproductive age (WRA). Globally, the anemia prevalence 
was reported as 29.9% in WRA and 39.8% amongst chil-
dren aged 6–59 months in 2019 [1] with countries from 
South Asia and Sub-saharan Africa being particularly 
affected [2]. In India, the prevalence of anemia has been 
reported to be 67.1% in children aged 6–59 months, 59.1% 
amongst adolescent girls (aged 15–19 years), and 57% in 
women aged 15–49 years in National Family Health Sur-
vey-5 (NFHS-5) survey (2019–2021) [3]. The prevalence 
of anemia has increased in these populations as compared 
to NHFS-4 despite the implementation of a national pro-
gram in the country for the last four decades [4].

About 30–50% of the anemia in these populations 
may be caused by iron deficiency [5, 6]. Timely correc-
tion of iron deficiency is crucial, as it significantly affects 
cognitive performance, behavior, and physical growth of 
infants, preschool, and school-age children. Furthermore, 
it adversely affects their immune status and increases 
susceptibility to infections [4, 5]. Iron deficiency anemia 
in women is associated with an increased risk of preterm 
delivery, low birth weight, and poor neurodevelopment 
in the baby [7, 8].

Rationale
Oral iron supplementation is associated with limited bio-
availability which is further reduced due to barriers such 
as inflammation, and dietary inhibitors like phytates and 
oxalates [5, 9]. Further, the compliance to oral iron is poor 
due to gastrointestinal adverse effects [5, 9]. Hence, there 
is scope for exploring new interventions that can improve 
the effectiveness of oral iron in this vulnerable population.

Probiotics have been defined by the Food and Agricul-
tural Organization (FAO)/World Health Organization 
(WHO) as “live microorganisms which when adminis-
tered in adequate amounts confer a health benefit on 
the host” [10]. Prebiotics, a group of nutrients that are 
degraded by gut microbiota have undergone revisions in 
their definition with the acceptance of the following crite-
ria (i) resistance to acidic pH of the stomach, non-hydro-
lyzability by mammalian enzymes, and lack of absorption 
in the gastrointestinal tract, (ii) fermentability by intesti-
nal microbiota, and (iii) the capacity to selectively stimu-
late the growth and/or activity of the intestinal bacteria 
thereby enhancing the health of the host through this 
process [11]. These compounds when consumed by the 
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stable iron isotopes were included. The control groups 
could include placebo or regular iron supplementation 
or food that was not fortified with prebiotics or probiot-
ics depending upon the study design. In addition, refer-
ences from relevant articles were screened for eligibility. 
Studies on prebiotics and probiotics for anemia preven-
tion in patients with underlying causes (e.g., anemia 
due to chronic renal disease, cancer, etc. were excluded 
from the review. Also, reviews, commentaries, opinion 
papers, and preclinical study papers relevant to the topic 
were not included.

Information sources
Medline, Cochrane Library, and Embase databases were 
used for the literature search. Literature related to the 
use of probiotics/prebiotics for prevention or treatment 
of anemia either in the form of a supplement or fortified 
food available from Jan 2005 till Jan 31, 2023, and written 
in English language was included.

Search strategy
A three-step search strategy as suggested by Joanna 
Briggs Institute was used [19]. As a first step, a limited 
search of Medline and Embase databases was done, fol-
lowing which analysis of the key terms used in the title 
or abstract, or index terms was done. In the second 
step, keywords extracted during step 1 were used to 
build up search in individual databases. The themes and 
key terms used for the literature search are displayed in 
Table 1. The full search strategy for the individual data-
bases is attached as Supplementary Table  1. A uniform 
search strategy was used for searching all three databases 
and searches from all databases were pooled before the 
title and abstract screening. As the next step, reference 
lists of the identified articles were searched for relevant 
references.

Selection process
Screening of title/abstracts and data extraction was done 
using Distiller SR software. Citations from the individual 
databases (.ris file or .nbib file) were added to the Distiller 
SR project. Duplicates were removed before the screen-
ing of titles and abstracts.

Data collection process
For level 1 review (title and abstracts), the available 
search results were screened independently and simulta-
neously by two authors (AS and AP) based on the given 
eligibility criteria. Full texts were obtained for all the 
selected citations and the full texts were uploaded to the 
Distiller SR project. The full texts were independently 

screened by two reviewers against the eligibility (AS and 
AP). All the conflicts were resolved by the third author 
(AA) based on independent judgment.

Data items
Data charting for the selected articles was done by AA, 
AP and AS using data collection forms generated using 
Distiller SR. The following variables were extracted for 
all studies – author, year, country, type of population, age 
group, sample size, objectives, type of intervention (pro-
biotic, prebiotic, with/without iron), and study outcomes 
(increase in iron absorption, change in hemoglobin). 
If required, the authors of the articles were contacted 
for further information. Data extraction done by one 
reviewer was crosschecked by another reviewer. Study 
characteristics of all included studies are uploaded as 
supplementary Table 2.

Study of risk of bias assessment
Risk of Bias assessment for the randomized controlled 
studies was done by AP and AS using the RoB 2.0 tool 
[33] for parallel design and cross-over design studies. For 
non-randomized studies, ROBIN-I was used [34]. Criti-
cal appraisal done by one reviewer was cross-checked by 
another. For each criterion, the studies were categorized 
as low risk of bias, some concerns, and high risk of bias.

Effect measures
The meta-analysis of selected studies was done for the 
outcomes of hemoglobin levels, ferritin levels, and iron 
absorption using mean and standard deviations. For 
studies where median and interquartile range (IQR) 
were available, median values were considered as mean, 
and standard deviations were calculated as IQR/1.35. 
For studies with before and after values, standard devia-
tion of the difference was calculated using the following 
formula: SDchange = SQRT(SD^2baseline + SD^2final-
(2XcorrelationXSDbaslineXSDfinal)) [35]. Where corre-
lation is used as 0.5 independent of the study design.

Synthesis method
A random-effects or fixed-effects model was used to 
calculate the mean difference (MD). The test for over-
all effect size was assessed using Z-statistics for test-
ing the null hypothesis of homogeneity. Heterogeneity 
was also assessed through I2 and Chi-square test. I2 
values of 0–40%, 30–60%, 50–90%, and 75–100% were 
considered as not important, moderate, substantial, 
and considerable respectively. For heterogeneity val-
ues of more than 50%, random effect model was used 
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for analysis. For sensitivity analysis, studies with a 
high risk of bias were included and removed from the 
analyses, this was repeated for both fixed and random 
effects. Also, the analysis was repeated after including 
and excluding studies using supplementation and for-
tification Separate analyses were conducted for women 
and children. All analyses were done using Revman 
5.4.1. version and p-values less than 0.05 were consid-
ered statistically significant.

Reporting bias assessment
The assessment of reporting bias was done through grad-
ing and by visual inspection of the funnel plots for each 
meta-analysis if it involves 10 or more studies.

Certainty of evidence
Summary of finding tables were prepared for both com-
parisons using GRADEpro GDT software. The cer-
tainty of evidence for each outcome was assessed while 
examining the risk of bias within studies the directness 

Fig. 1  PRISMA flow chart
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of evidence, heterogeneity, precision of effect estimates, 
and risk of publication bias. The quality of evidence was 
graded as ‘high’, ‘moderate’, ‘low’, or ‘very low’ [36].

Results
Study selection
A total of 1925 records were identified from the three 
databases, PubMed (649), Cochrane (170), and Embase 
(1106) of which 1755 titles/abstracts were screened after 
removing 170 duplicate records. Of these, a total of 1458 
was not found to be relevant and the remaining 297 were 
included for level 2 full-text review. Of these, 29 records 
were included based on the predefined inclusion cri-
teria. Figure  1 illustrates the PRISMA flow chart with 
each stage of the selection process with the reasons for 
exclusion.

Study characteristics
We included a total of 29 studies in the systematic review 
of which 16 were parallel randomized control studies, 11 
were cross-over design randomized control studies and 2 
were non-randomized controlled studies. Fifteen out of 
29 studies were from low- and middle-income countries 
(Kenya − 5, Egypt − 1, India − 2, Indonesia – 3, Brazil, 
Nigeria, Pakistan, Vietnam – 1 each), and 14 studies were 
from high-income countries (Switzerland − 5, Sweden 
− 3, USA-2, Denmark-2, Japan-1, Poland − 1). There were 
15 studies in children and 14 studies in women of repro-
ductive age. The brief study characteristics are provided 
in Tables 1 and 2.

Risk of bias in studies
Of 29 studies, 4 studies were not included in the meta-
analysis due to the following reasons – very high risk of 
bias [42], study in patients with coeliac disease [22], pro-
biotic formulation not specified [29] study in mixed pop-
ulation including women [49].

Overall, In studies where random sequence generation 
was conducted, less bias was observed [16–18, 20–26, 

29–32, 37–41, 43–48, 50]. Key sources of bias in the stud-
ies included absence of blinding for outcome assessment 
(detection bias) [17, 18, 20, 27, 28, 30, 32, 38, 42, 44, 45, 
50], blinding of participants and personnel (performance 
bias) [17, 18, 29, 30, 45], selective reporting (reporting 
bias) [27, 28], incomplete outcome data (attrition bias) 
[16, 17, 25, 27, 29, 37] and where attrition data was not 
reported Figs. 2 and 3.

Results of individual studies
Out of 29, 14 studies involved probiotics and/or prebiot-
ics in the form of supplementation; whereas 15 studies 
used prebiotics and/or probiotics as fortificants to food 
items. Six studies assessed the use of probiotics and/or 
prebiotics alone for prevention or treatment of anemia, 
whereas in 23 studies these interventions were combined 
with oral iron supplementation. Twelve studies were con-
ducted in healthy population, and 17 were conducted in 
population with iron deficiency or iron deficiency ane-
mia. Eleven studies assessed the effect of probiotics and/
or prebiotics on iron absorption and 14 studies assessed 
the effect of probiotics and/or prebiotics on an increase 
in hemoglobin or a change in the prevalence of anemia 
(Table 3).

The prebiotics included in the studies are galacto-oligo-
saccharide (5 studies), fructo-oligosaccharide (2 studies), 
and inulin (1 study). The probiotics included in the stud-
ies were: H61 60(1 study), Lp299v (3 studies), L. reuteri 
DSM 17,938 (1 study), and B. lactis (1 study).

Results of syntheses
Change in hemoglobin
Using the random effects model, a meta-analysis of 5 
studies in WRA [37, 39–41, 46] (n = 256) using prebiotics 
and/or probiotics with or without iron compared to iron 
or placebo alone did not show significant improvement in 
hemoglobin levels. The I2 value was 87% indicating high 
heterogeneity (Fig. 4A).

Fig. 2  Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies
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Meta-analysis of 8 studies in children [17, 20, 23–25, 
27, 28, 31] using prebiotics and/or probiotics with or 
without iron as compared to placebo or iron did not lead 
to any significant change in the hemoglobin levels using 
the random effects model. Using the fixed effects model, 
these 8 studies showed a 0.21 gm/dl increase in hemo-
globin (95% CI 0.1–0.31) [p < 0.0001; n = 1361] as com-
pared to placebo or iron. The I2 value was 83% indicating 
considerable heterogeneity in the studies (Fig. 4B).

 Change in ferritin
Using the random effects model, meta-analysis of 6 
studies in WRA [37, 39–41, 43, 46] (n = 320) showed 
improvement of 2.45 ng/ml in ferritin levels [95% CI 
0.61–4.30, p = 0.009] with prebiotics and/or probiot-
ics with or without iron as compared to placebo or iron. 
The I2 value was 80% indicating high heterogeneity in the 
studies (Fig. 5A). With fixed effect model, the effect size 
was reduced to 1.39 ng/ml.

On the other hand, using the fixed effect model, meta-
analysis of 4 studies in children [17, 23, 24, 31] using 
prebiotics and/or probiotics with or without iron in 
comparison with placebo or iron did not show signifi-
cant change in ferritin levels (Fig. 5B). The heterogeneity 
increased to 71% after including the study by Silva et al. 
[27] which has high risk of bias in several domains, the 
analysis showed significant reduction of −3.78 ng/ml in 
ferritin levels [95% CI=−7.45- −0.12, n = 640].

Fractional iron absorption
In women, the use of prebiotics and/or probiotics with or 
without iron was associated with a mean increase in iron 
absorption of 0.74% [95% CI 0.11–1.38] (p = 0.02, n = 234) 
as compared to use of placebo or iron. Use of pro/prebiotics 
with iron was associated with 8.15% [2.17–14.12] increase 
in the iron absorption (p = 0.008, n = 334) as compared to 
ingestion of iron only in WRA. Use of pre/probiotics was 
associated with mean 0.48% [0.09–0.87] iron absorption as 
compared to placebo (p = 0.01, n = 53) in WRA. In children, 
change in iron absorption was not found to be significant. 
Both the analyses were associated with high heterogeneity 
(Fig. 6).

Sensitivity analysis
There was no difference in the statistical significance on 
repeating the analysis after separating the studies using 
supplementation and fortification. Also, no significant 
change was observed after removing the studies with high 
risk of bias.

Reporting of bias
Based on the risk of bias assessment, two studies were 
found to have selective reporting [27, 28]. Based on 

Fig. 3  Risk of bias summary: review authors’ judgments about each 
risk of bias item for each included study
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visual inspection of the funnel plots, asymmetry was 
seen especially in studies amongst WRA. However, the 
asymmetry could be attributed to the heterogeneity 

of the studies. No objective assessment of the report-
ing bias could be done due to less than 10 studies per 
analysis.

Table 3  Description of studies included in the review

Type of intervention Probiotic and/or prebiotic as 
supplementation – 14 studies

Probiotic and/or prebiotic as fortification – 15 studies

Probiotic and/or prebiotic alone – 6 studies Probiotic and/or prebiotic combined with oral iron – 23 studies

Type of Population Healthy population – 12 studies Population with iron deficiency or iron deficiency anemia − 17 studies

Type of outcome Iron absorption – 11 studies Change in hemoglobin or change in prevalence of anemia – 14 studies

Fig. 4  Forest plot of comparison: Probiotic or prebiotic with or without iron vs. placebo or iron in (A) women of reproductive age (B) Children: 
Change in hemoglobin levels (gm/dl)
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Certainty of evidence using GRADE
The analyses in WRA show that there is low certainty of 
evidence that supplementation of prebiotics and/or pro-
biotics with or without iron can increase iron absorption 
and moderate certainty of evidence that these interventions 
can improve ferritin levels. However, the evidence is not 
enough to demonstrate improvement in hemoglobin levels 
in WRA (Table 4). The analyses in children show that there 
is low-quality evidence that prebiotics or probiotics may 
not result in significant changes in the ferritin levels. The 
evidence is very uncertain about the effect of these inter-
ventions on hemoglobin levels and fractional iron absorp-
tion (Table 5).

Discussion
Poor gastrointestinal absorption of iron is one of the 
major limitations of iron supplementations and probiot-
ics as well as prebiotics are potential interventions that 
can improve iron absorption and mitigate the adverse 
gastrointestinal effects associated with unabsorbed iron. 
This is the first systematic review and a meta-analysis to 
our knowledge that provides systematic evidence on the 
effect of prebiotic and probiotic interventions on iron 
parameters including changes in hemoglobin, ferritin, 
and iron absorption in women and children. Consider-
ing that about 50% of the studies were conducted in low 
and middle-income countries (LMIC), this analysis has 

Fig. 5  Forest plot of comparison: Prebiotic and/or probiotic with or without iron vs. Iron or placebo in (A) women of reproductive age (B) children, 
Outcome: Change in ferritin levels (ng/ml)
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a good representation of the LMICs. The commonest 
prebiotic intervention included GOS whereas Lp299v 
and other species probiotics like Bacillus Lacti, lactoba-
cillus acidophilus, and lactobacillus reuteri, and prebiotic 
species of fructo-oligosaccharide, inulin, and lactoferrin 
were found to be used in the studies. We have combined 
studies that used probiotics or prebiotics as fortificants 
with studies that used them as supplements. The stud-
ies included a spectrum of interventions ranging from 
food fortified with prebiotic or probiotic or both to iso-
lated probiotic or prebiotic formulation given with iron 
formulation.

Results from the meta-analysis show that iron absorp-
tion was significantly improved in women with very 

low certainty of evidence especially GOS (4 studies in 
114 women) [16, 32, 38, 44] and Lp299v (3 studies in 53 
women) [45, 47, 48]. This is similar to the results reported 
by Vonderheid et al. on Lp299v on iron absorption [mean 
difference of 0.55 (95% CI 0.22–0.88, p = 0.001)] [51]. The 
outcomes of ferritin showed significant improvement 
with probiotic and/or prebiotic interventions (which 
included Lp299v, GOS, and inulin) with moderate cer-
tainty of evidence. Despite this, it did not show signifi-
cant improvement in hemoglobin. On the other hand, 
in children none of the outcomes were significantly 
improved with prebiotic and/or probiotic interventions. 
There was a trend toward reduction in ferritin levels 
amongst children. This could probably be due to higher 

Fig. 6  Forest plot of comparison: Prebiotic and/or probiotic with or without iron vs. Iron or placebo in (A) women of reproductive age (B) children, 
Outcome: Fractional iron absorption (%)
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iron requirements during growing periods of childhood 
especially infancy which results in fast depletion of iron 
stores [52].

A major reason for no change in hemoglobin despite 
the increase in ferritin and iron absorption could be the 
fact that nutritional anemia has diverse etiologies like 
deficiency of other micronutrients especially B12, and 
the status of background inflammation that decides the 
availability of iron for hemoglobin synthesis. Also, in 
this review, we included studies from healthy popula-
tion as well as population with iron deficiency or iron 
deficiency anemia, this could have masked the real effect 

of the intervention present in anemic population. One 
of the reasons for the lack of change in hemoglobin lev-
els could be the wide scope of the studies included in 
the meta-analyses and wide range of doses of interven-
tions included in the studies. Amongst the interven-
tions, Lp299v [40, 41] and lactobacillus acidophilus [28] 
did show improvement in hemoglobin but the effects 
were not statistically significant. The intervention of 
GOS showed improvement in hemoglobin in the women 
[46], but it was not found to improve hemoglobin in 
the pediatric studies conducted by Paganini et  al. [17, 
23]. The probable reason for this could be suboptimal 

Table 4  Summary of findings: prebiotic and/or probiotics with or without iron compared to Iron or placebo for prevention and 
treatment of iron deficiency anemia (Hb, ferritin and FIA) in women of reproductive age

Explanations
a Some concern with selection bias for randomisation but not rated down for risk of bias
b Large variations in the effect sizes amongst different studies
c Significant hererogeneity
d High risk of attrition bias
e High risk of reporting bias
f High risk of detection bias
g High risk of performance bias

Patient or population: prevention and treatment of iron deficiency anemia (Hb, ferritin and FIA) in women of reproductive age
Setting: Hospital or community
Intervention: prebiotic and/or probiotics with or without iron
Comparison: Iron or placebo

 Outcomes Anticipated absolute effects* (95% CI) Rela-
tive 
effect
(95% 
CI)

No of partici-
pants
(studies)

Certainty of the 
evidence
(GRADE)

Comments
Risk with Iron or 
placebo

Risk with prebiotic 
and/or probiotics 
with or without iron

Change in ferritin 
levels

The mean change 
in Ferritin levels 
ranged from − 50.2–
17.4 ng/ml

MD 2.45 ng/ml 
higher
(0.61 higher to 4.3 
higher)

- 320
(6 RCTs)

⨁⨁⨁◯
Moderatea, b,c

Prebiotic and/or pro-
biotics with or without 
iron probably increases 
ferritin levels slightly.

Change in hemo-
globin

The mean change 
in Hemoglobin 
ranged from − 0.78–
0.9 gm/dl

MD 0.06 gm/dl 
higher
(0.27 lower to 0.4 
higher)

- 256
(5 RCTs)

⨁⨁◯◯
Lowb, c,d, e

The evidence suggests 
that pro/probiotics 
with iron results in lit-
tle to no difference 
in change in hemo-
globin.

Fractional absorption 
of iron

The mean fractional 
absorption of iron 
ranged from 1.1–
42.9%

MD 0.74% higher
(0.11 higher to 1.38 
higher)

- 334
(8 RCTs)

⨁⨁◯◯
Lowb, c,d, f,g

Prebiotic and/or pro-
biotics with or without 
iron may increase 
fractional absorption 
of iron .

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there 
is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate 
of effect.



Page 16 of 19Apte et al. BMC Nutrition           (2025) 11:31 

Ta
bl

e 
5 

Su
m

m
ar

y 
of

 fi
nd

in
gs

: P
re

bi
ot

ic
s 

an
d/

or
 p

ro
bi

ot
ic

s 
w

ith
 o

r w
ith

ou
t i

ro
n 

co
m

pa
re

d 
to

 p
la

ce
bo

 o
r i

ro
n 

fo
r p

re
ve

nt
io

n 
an

d 
tr

ea
tm

en
t o

f i
ro

n 
de

fic
ie

nc
y 

an
em

ia
 (H

b,
 fe

rr
iti

n,
 

FI
A

) i
n 

ch
ild

re
n

Ex
pl

an
at

io
ns

a  H
ig

h 
ris

k 
of

 a
tt

rit
io

n 
an

d 
re

po
rt

in
g 

bi
as

b  W
id

e 
co

nfi
de

nc
e 

in
te

rv
al

s
c  H

ig
h 

ris
k 

of
 d

et
ec

tio
n 

bi
as

d  H
ig

h 
he

te
ro

ge
ne

ity
e  H

ig
h 

ris
k 

of
 p

er
fo

rm
an

ce
 b

ia
s

Pa
tie

nt
 o

r p
op

ul
at

io
n:

 p
re

ve
nt

io
n 

an
d 

tr
ea

tm
en

t o
f i

ro
n 

de
fic

ie
nc

y 
an

em
ia

 (H
b,

 fe
rr

iti
n,

 F
IA

) i
n 

ch
ild

re
n

Se
tt

in
g:

 H
os

pi
ta

l o
r c

om
m

un
ity

In
te

rv
en

tio
n:

 P
re

bi
ot

ic
s 

an
d 

pr
ob

io
tic

s 
w

ith
 o

r w
ith

ou
t i

ro
n

Co
m

pa
ris

on
: P

la
ce

bo
 o

r i
ro

n

O
ut

co
m

es
A

nt
ic

ip
at

ed
 a

bs
ol

ut
e 

eff
ec

ts
*  (9

5%
 C

I)
Re

la
-

tiv
e 

eff
ec

t
(9

5%
 

CI
)

N
o 

of
 p

ar
tic

i-
pa

nt
s

(s
tu

di
es

)

Ce
rt

ai
nt

y 
of

 th
e 

ev
i-

de
nc

e
(G

RA
D

E)

Co
m

m
en

ts
Ri

sk
 w

ith
 P

la
ce

bo
 o

r i
ro

n
Ri

sk
 w

ith
 P

re
bi

ot
ic

s 
an

d 
pr

ob
io

tic
s 

w
ith

 o
r w

ith
ou

t 
iro

n

C
ha

ng
e 

in
 fe

rr
iti

n
Th

e 
m

ea
n 

ch
an

ge
 in

 fe
rr

iti
n 

ra
ng

ed
 

fro
m

 −
 6

.8
–7

.7
6 

ng
/m

l
M

D
 1

.6
8 

ng
/m

l l
ow

er
(4

 lo
w

er
 to

 0
.6

4 
hi

gh
er

)
-

45
0

(4
 R

C
Ts

)
⨁
⨁
◯
◯

Lo
w

a,
 b

Pr
eb

io
tic

s 
an

d/
or

 p
ro

bi
ot

ic
s 

w
ith

 o
r w

ith
-

ou
t i

ro
n 

m
ay

 re
su

lt 
in

 li
tt

le
 to

 n
o 

di
ffe

r-
en

ce
 in

 c
ha

ng
e 

in
 fe

rr
iti

n

C
ha

ng
e 

in
 h

em
og

lo
bi

n
Th

e 
m

ea
n 

ch
an

ge
 in

 h
em

og
lo

bi
n 

w
as

 −
 0

.5
–1

.7
3 

gm
/d

l
M

D
 0

.1
3 

gm
/d

l h
ig

he
r

(0
.1

7 
lo

w
er

 to
 0

.4
3 

hi
gh

er
)

-
13

61
(8

 R
C

Ts
)

⨁
◯
◯
◯

Ve
ry

 lo
w

a,
 b

,c
, d

Th
e 

ev
id

en
ce

 is
 v

er
y 

un
ce

rt
ai

n 
ab

ou
t t

he
 e

ffe
ct

 o
f p

re
bi

ot
ic

s 
an

d 
pr

o-
bi

ot
ic

s 
w

ith
 o

r w
ith

ou
t i

ro
n 

on
 c

ha
ng

e 
in

 h
em

og
lo

bi
n

Fr
ac

tio
na

l i
ro

n 
ab

so
rp

tio
n

Th
e 

m
ea

n 
fra

ct
io

na
l i

ro
n 

ab
so

rp
tio

n 
w

as
 9

.8
–2

2.
2%

M
D

 3
.7

2%
 h

ig
he

r
(1

.3
3 

lo
w

er
 to

 8
.7

7 
hi

gh
er

)
-

24
4

(4
 R

C
Ts

)
⨁
◯
◯
◯

Ve
ry

 lo
w

c,
 d

,e
Th

e 
ev

id
en

ce
 is

 v
er

y 
un

ce
rt

ai
n 

ab
ou

t t
he

 e
ffe

ct
 o

f p
re

bi
ot

ic
s 

an
d 

pr
ob

i-
ot

ic
s 

w
ith

 o
r w

ith
ou

t i
ro

n 
on

 fr
ac

tio
na

l 
iro

n 
ab

so
rp

tio
n.

*T
he

 ri
sk

 in
 th

e 
in

te
rv

en
tio

n 
gr

ou
p 

(a
nd

 it
s 

95
%

 c
on

fid
en

ce
 in

te
rv

al
) i

s 
ba

se
d 

on
 th

e 
as

su
m

ed
 ri

sk
 in

 th
e 

co
m

pa
ris

on
 g

ro
up

 a
nd

 th
e 

re
la

tiv
e 

eff
ec

t o
f t

he
 in

te
rv

en
tio

n 
(a

nd
 it

s 
95

%
 C

I).
CI

: c
on

fid
en

ce
 in

te
rv

al
; M

D
: m

ea
n 

di
ffe

re
nc

e

G
RA

D
E 

W
or

ki
ng

 G
ro

up
 g

ra
de

s 
of

 e
vi

de
nc

e
H

ig
h 

ce
rt

ai
nt

y:
 w

e 
ar

e 
ve

ry
 c

on
fid

en
t t

ha
t t

he
 tr

ue
 e

ffe
ct

 li
es

 c
lo

se
 to

 th
at

 o
f t

he
 e

st
im

at
e 

of
 th

e 
eff

ec
t.

M
od

er
at

e 
ce

rt
ai

nt
y:

 w
e 

ar
e 

m
od

er
at

el
y 

co
nfi

de
nt

 in
 th

e 
eff

ec
t e

st
im

at
e:

 th
e 

tr
ue

 e
ffe

ct
 is

 li
ke

ly
 to

 b
e 

cl
os

e 
to

 th
e 

es
tim

at
e 

of
 th

e 
eff

ec
t, 

bu
t t

he
re

 is
 a

 p
os

si
bi

lit
y 

th
at

 it
 is

 s
ub

st
an

tia
lly

 d
iff

er
en

t.
Lo

w
 c

er
ta

in
ty

: o
ur

 c
on

fid
en

ce
 in

 th
e 

eff
ec

t e
st

im
at

e 
is

 li
m

ite
d:

 th
e 

tr
ue

 e
ffe

ct
 m

ay
 b

e 
su

bs
ta

nt
ia

lly
 d

iff
er

en
t f

ro
m

 th
e 

es
tim

at
e 

of
 th

e 
eff

ec
t.

Ve
ry

 lo
w

 c
er

ta
in

ty
: w

e 
ha

ve
 v

er
y 

lit
tle

 c
on

fid
en

ce
 in

 th
e 

eff
ec

t e
st

im
at

e:
 th

e 
tr

ue
 e

ffe
ct

 is
 li

ke
ly

 to
 b

e 
su

bs
ta

nt
ia

lly
 d

iff
er

en
t f

ro
m

 th
e 

es
tim

at
e 

of
 e

ffe
ct

.



Page 17 of 19Apte et al. BMC Nutrition           (2025) 11:31 	

improvement in the iron absorption and iron stores 
which did lead to some improvement in hemoglobin lev-
els that was not significant. Also, the studies included 
two studies in non-anemic women [39, 40] and of the two 
studies in children, only one by Manoppo et al. [20] had 
iron deficiency anemia as eligibility. This indicates that 
the intervention may have differential effects in anemic 
and non-anemic populations as well as in women and 
children due to differential physiology, pharmacokinetics, 
and background inflammatory status. Therefore, there 
is a need for large-scale studies in iron-deficient women 
and children to assess the effectiveness of prebiotic and 
probiotic interventions.

Thus, overall GOS and Lp299v appear to be promis-
ing interventions for improving iron bioavailability in 
women. However, there is no substantial evidence to 
show that these interventions consistently improve ferri-
tin or hemoglobin levels. There is a dearth of large-scale 
studies assessing the effectiveness of these interventions 
either alone or with oral iron in the prevention and treat-
ment of anemia in women. Also, studies demonstrating 
the smallest effective dose of probiotic/prebiotic to off-
set the adverse effects of iron are needed. In children, 
the current evidence does not substantiate any benefit 
of using prebiotics or probiotics either alone or with oral 
iron to improve iron parameters.

The review had some limitations. It combines all pro-
biotic and prebiotic interventions that have been evalu-
ated in women and children, however, it does not focus 
on one intervention. This led to significant heterogeneity 
in meta-analysis results. Also, few studies had a moder-
ate risk of bias. Nonetheless, this provides comprehensive 
present evidence on the benefits provided by prebiotics 
and/or probiotics for outcomes related to anemia that 
can be useful to design future studies in this area. The 
evidence provided necessitates high-quality large-scale 
research studies in women of reproductive age where 
potential benefit of using prebiotics and probiotics has 
been seen.

Conclusion
There is low to very low certainty of evidence that the use 
of prebiotics or probiotics (especially Lp299v and GOS) 
can improve iron absorption and lead to some improve-
ment in ferritin levels in women. The current evidence 
does not conclusively show the benefit of these interven-
tions in improving hemoglobin levels in women and chil-
dren. Well-designed RCTs with adequate power should 
be conducted to assess the role of probiotics and prebiot-
ics in the improvement of iron biomarkers in an anemic 
population.
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