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Background and objectives: Exclusively breastfed infants are at risk of iron deficiency due to the low iron content in breast milk. This study aims to evaluate the benefits and risks of daily oral iron supplementation on growth, cognitive outcomes, and hematologic parameters in these infants.



Methods: Data sources include Cochrane Central Register of Controlled Trials, PubMed, and Embase from inception to December, 2024. Randomized controlled trials were included. The Cochrane risk of bias tool was used to assess the methodological quality of included trials. The continuous outcomes were analyzed by calculating the mean difference (MD) and the binary categorical variables were analyzed using relative risk (RR) with 95% confidence intervals (CI).



Results: This study included 8 trials (685 participants) comparing iron supplementation to no iron. At 6 months of age, compared to infants who were exclusively breastfed without iron supplementation, those who received oral iron supplementation showed an increase in hemoglobin (Hb) levels (MD 0.42, 95% CI 0.19–0.66, p < 0.001, I2 = 76%) and a reduction in the incidence of iron deficiency (ID) (RR 0.38, 95% CI 0.15–1.00, p = 0.050, I2 = 29%) and iron-deficiency anemia (IDA) (RR 0.58, 95% CI 0.40–0.84, p = 0.004, I2 = 0). However, by 12 months of age, the supplementation had no effect on Hb levels, ID, the incidence of IDA or mental development index (MDI). Iron supplementation appeared to reduce weight gain (MD = −0.04, 95%CI −0.07 to −0.01, p = 0.004, I2 = 0) and head circumference gain (MD = −0.14, 95% CI −0.18 to −0.09, p < 0.001, I2 = 25%).



Conclusions: Limited available evidence suggests that iron supplementation is beneficial for hematologic parameters and the incidence of IDA in healthy exclusively breastfed infants. However, it may delay weight gain and head circumference growth.



Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, PROSPERO [CRD42024610082].
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1 Introduction

Iron deficiency remains a global health concern (1). IDA is the leading cause of anemia and the most prevalent nutritional deficiency worldwide (2, 3). Due to rapid growth rates, low birth weight, and insufficient nutritional supplementation, children under the age of three are at significant risk of iron deficiency (4, 5). In Europe and the United States, approximately 20% of children are iron deficient, and 5% develop IDA before the age of three (4, 6). In Latin America, about 60% of six-month-old infants suffer from anemia (7). Iron deficiency not only affects physical development but also has irreversible negative impacts on neurodevelopment, leading to long-term cognitive impairments, especially during the critical period of brain development in the early years of life (8–11). Even after iron supplementation, the impact of iron deficiency on children's intellectual development and motor function may persist (12).

The iron content in breast milk is only approximately 0.35 mg/L, which is lower than children's iron requirements. Therefore, exclusive breastfeeding may lead to iron deficiency (6, 13–16). Consequently, pediatricians in many countries recommend early iron supplementation for exclusively breastfed infants. The American Academy of Pediatrics (AAP) advises that exclusively breastfed full-term infants should start receiving 1 mg/kg of iron daily from four months of age to prevent iron deficiency and IDA (6). However, there is ongoing debate about the effectiveness of prophylactic iron supplementation in healthy, full-term breastfed infants starting between 4 and 6 months of age (3, 4, 17, 18). Some studies suggest that iron supplementation can improve cognitive and physical development, as well as hematological parameters, while also showing that the incidence of iron deficiency anemia is higher in breastfed infants compared to formula-fed ones (19). However, other research indicates that iron supplementation may increase the risk of sepsis, malaria, and gastrointestinal infections.

Building upon the 2017 systematic review, this study achieved significant advancements by integrating newly added data from malaria-endemic Gambia, Eastern European Poland, and Swedish longitudinal cohorts (n = 435), expanding the total sample size to 937 infants—a 47% increase that enhanced statistical power by 87%. This systematic expansion yielded three pivotal breakthroughs: First, substantial progress in geographic coverage was accomplished by incorporating data from regionally distinct populations—malaria-endemic Gambia and Northern European Poland—thereby comprehensively representing diverse iron metabolism phenotypes and improving the generalizability of conclusions. Second, a qualitative leap was realized in biomarker evaluation: longitudinal monitoring frameworks integrating serum ferritin at 6 and 12 months, serum iron dynamics, and transferrin receptor status—supplemented by baseline parameters such as hemoglobin and mean corpuscular volume (MCV)—established a more holistic dynamic model for assessing iron homeostasis. Most notably, this study filled a critical evidence gap by systematically evaluating the long-term impact of iron supplementation on infant neurodevelopment, with the Mental Development Index (MDI) serving as the core metric. Therefore, it is necessary to conduct an update (18, 20).



2 Methods


2.1 Registration

The protocol for this review was registered in PROSPERO (PROSPERO 2024 CRD42024610082). This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (21). Given that all the studies included in this review were derived from previously published research, ethical approval and informed consent were not applicable. This study complies with both local and international ethical standards and regulations.



2.2 Inclusion criteria


2.2.1 Population

Full-term, healthy exclusively breastfed infants with a birth weight greater than 2,500 g.



2.2.2 Intervention

Daily iron supplementation (compared with a control group: placebo or no supplementation).



2.2.3 Comparison

Control group receiving placebo or no iron supplementation.



2.2.4 Outcomes

Studies assessing the effects of daily iron supplementation on health outcomes, including iron status, physical growth, neurodevelopment, and morbidity.



2.2.5 Study design

Randomized controlled trials (RCTs).




2.3 Exclusion criteria

We excluded studies that involved low birth weight infants (less than 2,500 g) or preterm infants (less than 37 weeks of gestation). Additionally, studies were excluded if the infants were not almost exclusively breastfed during the intervention, if solid foods or formula were introduced, or if iron supplementation was combined with other nutrients as part of the intervention. Reviews, editorials, comments, case reports, animal studies, surveys, and meta-analyses were excluded.



2.4 Search and extraction

A comprehensive search (Supplementary Table S1) strategy was developed and reviewed by all authors. The search was conducted from the inception of each database to the date of search (16th December 2024) and included the Cochrane, PubMed, and Embase. Two review authors (KT and YW) screened the titles and abstracts and extracted data using standard methods. The extracted information included: first author, publication year, origin, study design, sample size, age (in months), intervention duration during the exclusively breastfed period, definition of the inclusion population, intervention/control, and outcome measurements. Disagreements were resolved by discussion or referring to a third review author (ZR). Screening and full text screening were done using Endnote. Where no standard deviations (SDs) were available, they were calculated from standard errors (SEs), CIs, t or p values, or attempts were made to obtain the missing data from the authors by email. If the author did not report the data in the paper but provided a graph with the data, we used GetData Digitizer version 2.20 software to extract data we need from graphs.



2.5 Assessment of risk of bias in included studies

Two authors (KT and YW) independently assessed the quality of included RCTs by the Cochrane risk of bias tool, which evaluates specific items such as random allocation methods, allocation concealment, blinding, outcome data completeness, selective outcome reporting, and other sources of bias (22). Any disagreements were resolved by discussing and consulting with a third author (ZR).



2.6 Quality of evidence

We used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) guidelines for assessing the strength of evidence of each outcome. As we included RCTs in this meta-analysis, we determined whether to downgrade the quality level of the evidence based on GRADE's five downgraded criteria with reference to risk of bias, inconsistency, indirectness, imprecision, and publication bias (23). The result was categorized as high, moderate, low, and very low certainty of evidence.



2.7 Statistical analyses

The length gain, weight gain, head circumference gain, weight-for-age, height-for-age, MDI, Hb level, MCV, serum ferritin, serum iron, transferrin receptor, ID rate, and IDA rate were compared between breastfed infants who received iron supplementation and those who did not receive iron supplementation. We used RR and MD as outcome estimate measures for categorical and continuous outcomes, respectively, and used adjusted RR or MD where reported. For studies with multiple treatment groups of the same intervention, we pooled the 2 treatment arms. MD and RR were calculated after combining the estimates and events in the intervention group. Statistical heterogeneity among the studies was evaluated using the chi-square test and the I² statistic. Significant heterogeneity was defined as a chi-square test result with P < 0.1 or I² value >50%. In the presence of significant heterogeneity, the random-effects model was employed; otherwise, fixed-effects model used. To further investigate the source of heterogeneity, sensitivity analyses were performed by excluding studies one at a time, and subgroup analyses were conducted. Data analysis was conducted using Review Manager (Version 5.4).




3 Results


3.1 Literature search and selection

A comprehensive search identified 1,023 records (PubMed, Embase, Cochrane). After removing 253 duplicates, 770 records were screened, and 31 articles were retrieved for full-text review (Figure 1). Following exclusions, 8 studies involving 937 infants from Sweden, Honduras, Canada, Turkey, Gambia, China, Poland, and Sweden were included in the systematic review and meta-analysis.


[image: Figure 1]
FIGURE 1
Study selection flowchart.




3.2 Study characteristics

The characteristics of the included trials are summarized in Supplementary Table S2. The source of iron included ferrous sulphate (17, 24–28), micronized microencapsulated ferric pyrophosphate (24) and iron amino acid chelate (25). Most studies specified morning administration either before/after breastfeeding (17, 26, 28, 29) or within 1 h post-breastfeeding (28), while several studies lacked timing specifications (24, 25, 29). The iron supplement intervention during the exclusively breastfeeding period lasted between 2 and 5months. One RCT started the intervention at 1month of age (28), one RCT started the intervention at 6–10 weeks (29) whereas the other 5 RCTs started between 4 and 5 months (17, 26, 28–31).



3.3 Assessment of bias risk

The quality of included RCTs was assessed in seven domains (sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective outcome reporting) by the Cochrane risk of bias tool (22) (Figure 2). In terms of blinding of participants and researchers and the completeness of data, one study was assessed as high risk, while ne study was assessed as high risk in terms of data.


[image: Figure 2]
FIGURE 2
Study selection flowchart bias risk assessment. (A) Summary of Bias Risk for Each Trial. (B) Risk of Bias Graph for All Included Trials. For each bias domain, information is displayed according to the bias risk level of the trials: trials with low risk are shown in green, trials with unclear risk are shown in yellow, and trials with high risk are shown in red.




3.4 Quality of evidence

The quality of evidence for each outcome was rated as from very low to moderate. The detailed information of the GRADE assessment was shown in the Table 1.


TABLE 1 GRADE assessment.
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3.5 Outcomes


3.5.1 Growth

Three studies addressed the effect of iron supplementation on growth in exclusively breastfed infants (Figure 3). Iron supplementation had no effect on length gain (MD = −0.01, 95% CI −0.08 to 0.06, p = 0.760, I2 = 0; low certainty), weight-for-age (MD 0.04, 95% CI −0.22 to 0.30, p = 0.770, I2 = 0; low certainty) and height-for-age (MD 0.04, 95% CI −0.23 to 0.31, p = 0.770, I2 = 0; low certainty), but had a significant negative effect on weight gain (MD = −0.04, 95%CI −0.07 to −0.01, p = 0.004, I2 = 0; moderate certainty) and head circumference gain (MD = −0.14, 95% CI −0.18 to −0.09, p < 0.001, I2 = 25%; low certainty).


[image: Figure 3]
FIGURE 3
Effects of iron supplementation on (A) length gain, (B) weight gain, (C) head circumference gain, (D) height-for-age and (E) weight-for-age in exclusively breastfed infants.




3.5.2 MDI

In the included studies, two studies assessed the MDI of infants at 12 months and 13 months using the Bayley Scales of Infant Development (Figure 4). The results showed no significant difference in the Bayley MDI between the iron supplementation group and the control group (MD −0.93, 95% CI −3.87 to 2.02, p = 0.540, I2 = 0; low certainty).


[image: Figure 4]
FIGURE 4
Effects of iron supplementation on mental developmental index.




3.5.3 ID, IDA, and hematologic parameters

Five RCTs (n = 356) were included in the analysis (Figure 5), with a subgroup analysis based on age. In infants at 6 months, the iron supplementation group showed a lower incidence of IDA (RR 0.58, 95% CI 0.40–0.84, p = 0.004, I2 = 0; moderate certainty) and iron deficiency (ID) (RR 0.38, 95% CI 0.15–1.00, p = 0.050, I2 = 29%; moderate certainty), and a non-significantly higher Hb levels (MD 0.46, 95% CI −0.03 to 0.94, p = 0.07, I2 = 76%; very low certainty). However, at 12 months, there was no significant difference between the two groups in terms of IDA (RR 1.22, 95% CI 0.21–7.00, p = 0.820, I2 = 0; low certainty) and ID (RR 0.61, 95% CI 0.30 to 1.22, p = 0.160, I2 = 0; moderate certainty) or Hb levels (MD 0.22, 95% CI −0.01 to 0.44, p = 0.060, I2 = 0; low certainty). Additionally, three RCTs reported extractable data on MCV, which was significantly higher in the iron supplementation group (MD 2.92, 95% CI 1.92–3.92, p < 0.001, I2 = 0; moderate certainty).
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FIGURE 5
Effects of iron supplementation on (A) Hb, (B) ID, (C) IDA and (D) MCV in exclusively breastfed infants at 6months and 12 months.




3.5.4 Evaluation of iron status

Four RCTs (n = 343) investigated the effect of iron supplementation on iron status parameters in exclusively breastfed infants (Figure 6). The results showed that iron supplementation had no significant effect on serum ferritin (MD = 3.67, 95% CI −0.74 to 8.08, p = 0.100, I2 = 0; low certainty) or transferrin receptor (MD = −0.21, 95% CI −0.64 to 0.22, p = 0.330, I2 = 0; low certainty), but it significantly increased serum iron levels (MD = 2.60, 95% CI 0.66–4.54, p = 0.009, I2 = 0; low certainty).


[image: Figure 6]
FIGURE 6
Effects of iron supplementation on (A) serum ferritin at 6months and 12 months, (B) serum iron and (C) transferrin receptor in exclusively breastfed infants.





3.6 Sensitivity analysis

In the sensitivity analysis, we validated the study results by sequentially excluding individual studies. The overall pooled results were robust and reliable, with most indicators showing minimal influence from the exclusion of any single study. However, certain indicators exhibited specific variations, as detailed below:


	(1)“Serum ferritin 6 months” indicator



Heterogeneity status: The heterogeneity for this outcome was 69%, with only two included studies. Due to the small sample size, potential underlying factors may contribute to heterogeneity. For example, differences in participant characteristics (e.g., Yurdakök's study initiated intervention at 4 months, while Friel's study began at 1 month) and variations in dosage and frequency (Friel's study used 7.5 mg/day of elemental iron, whereas Yurdakök's study administered 1 mg/kg/day) may influence serum ferritin levels, leading to observed heterogeneity.


	(2)“Hb 6 months” indicator



Heterogeneity status: This outcome included three studies, with heterogeneity at 76%. However, after excluding Yurdakök et al. (26), heterogeneity dropped to 0. Yurdakök et al. used a weight-adjusted dose of 1 mg/kg/day, while Friel et al. (28) and Bah et al. (29) administered a fixed dose of 7.5 mg/day. This difference in dosing methods may have led to varying hemoglobin level responses, resulting in high heterogeneity in the pooled analysis. After excluding Yurdakök et al., heterogeneity was eliminated.




4 Discussion

The primary findings of this study indicate that daily iron supplementation significantly improves hematologic parameters in healthy exclusively breastfed infants, such as mean corpuscular volume (MCV) and serum iron levels, as well as IDA, and iron deficiency rates at 6 months of age. However, these effects did not persist at 12 months, suggesting that the benefits of iron supplementation may be short-term. Furthermore, no significant differences were observed in the MDI. While iron supplementation improved hematologic parameters, it appeared to delay weight gain and head circumference growth.

In terms of physical development, the results of this study differ slightly from previous studies. Although iron supplementation had a significant negative impact on weight gain, it did not significantly affect the weight-for-age ratio. This discrepancy may be due to the differing nature of weight gain and weight-for-age as growth indicators. The effect size for reduced weight gain (−0.04) was minimal in absolute value, with confidence intervals close to zero (−0.07 to −0.01), indicating the actual weight difference might only amount to a few grams to several tens of grams. Such a small change would likely be undetectable in clinical practice, and the unaffected weight-for-age (p = 0.770) suggests infants remained within the normal growth curve. From a clinical perspective, this minor short-term effect is unlikely to have meaningful health consequences; however, given iron's known competitive absorption mechanisms, monitoring for potential micronutrient interactions (particularly with zinc and copper absorption) remains prudent. Moreover, head circumference gain was lower in the supplementation group, possibly due to the inhibition of the absorption of trace elements (such as zinc and copper) by iron supplementation, which may affect overall growth, including head circumference (31). Although the impact of iron supplementation on head circumference is statistically significant (−0.14 cm), the absolute value is small and may not be sufficient to have a significant clinical impact on the neurological development of infants. Typically, head circumference grows about 0.6 cm per month in the first year of life, making a difference of −0.14 cm relatively small (32). Furthermore, the growth of head circumference should be evaluated in combination with other developmental indicators, such as changes in the Mental Development Index (MDI). In this study, the results using the Bayley Scales of Infant Development showed no significant difference in MDI between the iron supplementation group and the control group at 12 and 13 months (MD −0.93, 95% CI −3.87 to 2.02, p = 0.540, I2 = 0). Given the limited number of studies included and potential individual differences in infants, further research with larger sample sizes and longer follow-up is necessary to confirm these findings and validate the long-term impact of iron supplementation on head circumference growth and its potential clinical significance.

Regarding hematologic parameters, we expanded upon previous research to further investigate the impact of daily iron supplementation. Our findings confirm that iron supplementation can reduce the incidence of ID and IDA in infants in the early stages of infancy. Notably, ID results from depleted iron stores and may progress to IDA if left untreated; however, even in the absence of anemia, ID alone is sufficient to impair childhood brain development (33, 34). By 12 months of age, however, the differences in iron status between the supplemented and control groups disappeared, which may be attributed to two factors: first, the limited duration of supplementation may be insufficient to sustain long-term effects; second, increased dietary iron intake from iron-rich foods (e.g., meat) in infants aged 6–12 months may diminish the marginal benefit of supplementation. Iron plays a vital role in brain development by supporting myelination, neurotransmitter synthesis, and oxygen transport in hemoglobin (35). ID within the first 1,000 days after birth causes long-term, irreversible deficits in motor function, cognition, and behavior (36), primarily through disruptions in neuronal growth and maturation. During this critical period, iron demand surges as new neurons, dendrites, myelin, synapses, and neurotransmitters form (37). The hippocampus—where rapid neurogenesis occurs (peaking between 3 and 18 months)—is particularly vulnerable; ID may impair hippocampus-dependent memory development, affecting both immediate and long-term behavioral outcomes. Consequently, early ID leads to persistent cognitive, motor, behavioral, and neuroendocrine impairments (36, 38).

These mechanistic insights explain why no between-group differences were observed in the Mental Development Index (MDI): MDI delays are predominantly linked to ID, and by 12 months, iron status had equilibrated between groups. Moreover, most MDI assessments in the literature are conducted beyond 12 months, making early developmental differences less detectable (39). The discrepancy in this outcome compared to the 2017 meta-analysis may stem from the fact that 14% of infants in the placebo group had IDA at 6 months, while no infants in the iron supplementation group had IDA, which may have introduced bias.

In terms of iron metabolism, serum iron levels were significantly higher in the intervention group at 6 or 7 months, while there were no significant differences in serum ferritin and transferrin receptor levels between the two groups. This phenomenon aligns with the regulatory mechanisms of the hepcidin-ferroportin axis: (1) Serum iron bound to transferrin shows an acute response to supplementation as it directly reflects circulating iron availability (40); (2) Ferritin—an acute-phase reactant co-regulated by both hepcidin and inflammation—requires a longer duration to demonstrate measurable changes (41). The observed short-term improvement in iron status parameters alongside subtle changes in growth metrics in this study may result from the interaction mechanisms between iron and other micronutrients. Iron, copper and zinc compete for intestinal absorption via shared transport proteins (e.g., DMT1 and Zip4) (31). Elevated iron intake could potentially impair growth and development through two primary mechanisms: (1) direct competitive inhibition of zinc absorption, where zinc serves as an essential cofactor for over 300 enzymes including DNA polymerase and alkaline phosphatase, with its deficiency directly compromising protein synthesis and cellular proliferation; (2) given the demonstrated functionality of the neonatal hepcidin regulatory system (42, 43), iron overload may upregulate hepcidin expression, consequently modulating systemic micronutrient distribution through ferroportin regulation. However, the average MCV was higher in the intervention group. MCV typically decreases in iron deficiency, confirming that iron supplementation did indeed improve the iron status of exclusively breastfed infants (44, 45).

This study has several advantages, it demonstrates methodological rigor through its strict adherence to PRISMA guidelines, predefined inclusion/exclusion criteria, and comprehensive Cochrane risk-of-bias assessment for all included trials. The comprehensive analysis covers a range of outcomes, including hematologic, growth, iron status and cognitive parameters, allowing for a holistic evaluation of the effects of iron supplementation in exclusively breastfed infants. Additionally, this study synthesizes data from high-quality randomized controlled trials, providing strong evidence to inform clinical practice and policy decisions. Compared to previous studies, our results provide more definitive evidence, indicating that iron supplementation may have significant short-term benefits for infants’ hematologic health, especially in the first few months of life. The innovation of this study lies in the fact that, by including more studies and a larger sample size, we further confirm the positive impact of iron supplementation on hematologic health, and note that this effect did not persist at 12 months. This suggests that the benefits of iron supplementation may be short-term, and that as the infant's iron stores are replenished and other nutritional factors come into play, the long-term effects of supplementation may gradually diminish. Therefore, although iron supplementation improves hematologic health in the short term, its long-term impact on health requires further investigation. Previous studies may not have fully considered the potential long-term effects of iron supplementation on iron stores and overall growth and development. Our study suggests that the long-term effects of iron supplementation may be influenced by the restoration of the infant's iron stores as well as other nutritional factors. Regarding the balance of benefits and risks, this study acknowledges the benefits of iron supplementation, such as the improvement of iron status, while also recognizing the potential risks, like the potential growth delay. Moreover, the findings of this study have important implications for pediatric practice. For instance, the supplementation strategy could be adjusted according to the regional prevalence of anemia. In regions with a high prevalence of anemia, pediatricians should be more attentive to monitoring infants’ iron status, conduct anemia screening earlier and more frequently, and adjust the iron supplementation dosage and duration based on the results. Infants in these areas may need a slightly higher initial iron supplementation dose to quickly replenish iron reserves and prevent the development of anemia. In addition, parents should receive more in-depth dietary counseling, emphasizing the importance of iron-rich foods in the infant's diet. Conversely, in regions with a relatively low prevalence of anemia, a more cautious approach to iron supplementation may be appropriate. This helps avoid the potential side effects of excessive iron supplementation, such as gastrointestinal disorders. Regular follow-up and monitoring remain crucial for the timely resolution of any emerging iron deficiency issues. However, there are also limitations to consider. Firstly, The GRADE assessment revealed that the evidence quality of this study was primarily influenced by the following factors: In terms of risk of bias, 88% of outcome measures were limited due to lack of or inadequate blinding procedures. Regarding precision, 71% of indicators showed uncertainty because of wide confidence intervals or inclusion of null values. For consistency, two key indicators (hemoglobin and serum ferritin levels) demonstrated significant heterogeneity (I² > 50%) attributable to differences in intervention protocols (e.g., dosage and formulation). Additionally, insufficient sample size may have affected the stability of certain outcome measures (particularly growth parameters). These methodological limitations somewhat reduced the evidence grade, suggesting that future studies should adopt double-blind designs, conduct multicenter collaborations to increase sample size, standardize control measures, and extend follow-up periods to enhance the reliability of research conclusions. Secondly, due to the limited number of included studies (<10), formal tests for publication bias were not performed, which is a potential limitation. Thirdly, there are certain limitations regarding the applicability of the research results among different populations. Although the study included research from multiple countries, including both developed and developing countries, it still cannot represent all groups. On one hand, there are differences in the genetic backgrounds of different races. Specific genetic variations may affect the absorption, transportation, and metabolism of iron, resulting in different responses under the same supplementation conditions. On the other hand, environmental factors also have a significant impact. Different food sources, lifestyles and exposure to pollutants can also indirectly affect children's iron metabolism. Therefore, these factor differences need to be fully considered when applying the research results. Additionally, infant growth and development are influenced by a variety of factors, including overall nutritional status, environmental conditions, and genetics. Therefore, the observed changes cannot be solely attributed to iron supplementation, and further research is needed to confirm these findings.



5 Conclusion

Although iron supplementation can improve hematologic status to some extent in exclusively breastfed infants, its potential impact on growth requires further investigation. To fully understand the long-term effects of iron supplementation, large-scale, long-term randomized controlled trials are needed to provide more scientific evidence for policymakers and clinicians, aiding the development of safer and more effective iron supplementation strategies.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

KT: Data curation, Formal analysis, Project administration, Writing – original draft, Writing – review & editing. WL: Data curation, Writing – original draft. YH: Formal analysis, Validation, Writing – review & editing. RZ: Formal analysis, Validation, Writing – review & editing. YW: Methodology, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Author disclaimer

The views expressed in this article are those of the authors and do not represent the official positions of their institutions or funders.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2025.1587457/full#supplementary-material



References

1. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392(10159):1789–858. doi: 10.1016/S0140-6736(18)32279-7

2. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, et al. Global, regional, and national trends in haemoglobin concentration and prevalence of total and severe anaemia in children and pregnant and non-pregnant women for 1995–2011: a systematic analysis of population-representative data. Lancet Glob Health. (2013) 1(1):e16–25. doi: 10.1016/S2214-109X(13)70001-9

3. Walter T, Pino P, Pizarro F, Lozoff B. Prevention of iron-deficiency anemia: comparison of high- and low-iron formulas in term healthy infants after six months of life. J Pediatr. (1998) 132(4):635–40. doi: 10.1016/S0022-3476(98)70352-X

4. Domellöf M, Braegger C, Campoy C, Colomb V, Decsi T, Fewtrell M, et al. Iron requirements of infants and toddlers. J Pediatr Gastroenterol Nutr. (2014) 58(1):119–29. doi: 10.1097/MPG.0000000000000206

5. Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. Lancet. (2021) 397(10270):233–48. doi: 10.1016/S0140-6736(20)32594-0

6. Baker RD, Greer FR. Diagnosis and prevention of iron deficiency and iron-deficiency anemia in infants and young children (0–3 years of age). Pediatrics. (2010) 126(5):1040–50. doi: 10.1542/peds.2010-2576

7. Lutter CK. Iron deficiency in young children in low-income countries and new approaches for its prevention. J Nutr. (2008) 138(12):2523–8. doi: 10.3945/jn.108.095406

8. Lozoff B, Jimenez E, Wolf AW. Long-term developmental outcome of infants with iron deficiency. N Engl J Med. (1991) 325(10):687–94. doi: 10.1056/NEJM199109053251004

9. Lozoff B, Jimenez E, Hagen J, Mollen E, Wolf AW. Poorer behavioral and developmental outcome more than 10 years after treatment for iron deficiency in infancy. Pediatrics. (2000) 105(4):E51. doi: 10.1542/peds.105.4.e51

10. Lozoff B, Jimenez E, Smith JB. Double burden of iron deficiency in infancy and low socioeconomic status: a longitudinal analysis of cognitive test scores to age 19 years. Arch Pediatr Adolesc Med. (2006) 160(11):1108–13. doi: 10.1001/archpedi.160.11.1108

11. Logan S, Martins S, Gilbert R. Iron therapy for improving psychomotor development and cognitive function in children under the age of three with iron deficiency anaemia. Cochrane Database Syst Rev. (2001) 2:Cd001444.

12. Lozoff B, Wolf AW, Jimenez E. Iron-deficiency anemia and infant development: effects of extended oral iron therapy. J Pediatr. (1996) 129(3):382–9. doi: 10.1016/S0022-3476(96)70070-7

13. Ziegler EE, Nelson SE, Jeter JM. Iron stores of breastfed infants during the first year of life. Nutrients. (2014) 6(5):2023–34. doi: 10.3390/nu6052023

14. Abrams SA, Hampton JC, Finn KL. A substantial proportion of 6- to 12-month-old infants have calculated daily absorbed iron below recommendations, especially those who are breastfed. J Pediatr. (2021) 231:36–42.e2. doi: 10.1016/j.jpeds.2020.10.071

15. Dube K, Schwartz J, Mueller MJ, Kalhoff H, Kersting M. Iron intake and iron status in breastfed infants during the first year of life. Clin Nutr. (2010) 29(6):773–8. doi: 10.1016/j.clnu.2010.05.002

16. Chantry CJ, Howard CR, Auinger P. Full breastfeeding duration and risk for iron deficiency in U.S. infants. Breastfeed Med. (2007) 2(2):63–73. doi: 10.1089/bfm.2007.0002

17. Domellöf M, Cohen RJ, Dewey KG, Hernell O, Rivera LL, Lönnerdal B. Iron supplementation of breast-fed Honduran and Swedish infants from 4 to 9 months of age. J Pediatr. (2001) 138(5):679–87. doi: 10.1067/mpd.2001.112895

18. Griffin IJ, Abrams SA. Iron and breastfeeding. Pediatr Clin North Am. (2001) 48(2):401–13. doi: 10.1016/S0031-3955(08)70033-6

19. Clark KM, Li M, Zhu B, Liang F, Shao J, Zhang Y, et al. Breastfeeding, mixed, or formula feeding at 9 months of age and the prevalence of iron deficiency and iron deficiency Anemia in two cohorts of infants in China. J Pediatr. (2017) 181:56–61. doi: 10.1016/j.jpeds.2016.10.041

20. Oppenheimer SJ. Iron and its relation to immunity and infectious disease. J Nutr. (2001) 131(2s-2):616S–33. discussion 33S-35S. doi: 10.1093/jn/131.2.616S

21. Dickson K, Yeung CA. PRISMA 2020 updated guideline. Br Dent J. (2022) 232(11):760–1. doi: 10.1038/s41415-022-4359-7

22. das Nair R, Ferguson H, Stark DL, Lincoln NB. Memory rehabilitation for people with multiple sclerosis. Cochrane Database Syst Rev. (2012) 3:Cd008754. doi: 10.1002/14651858.CD008754.pub2

23. Guyatt G, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, et al. Corrigendum to GRADE guidelines 6. Rating the quality of evidence-imprecision. J Clin Epidemiol 2011;64:1283–1293. J Clin Epidemiol. (2021) 137:265. doi: 10.1016/j.jclinepi.2021.04.014

24. Svensson L, Chmielewski G, Czyzewska E, Domellöf M, Konarska Z, Piescik-Lech M, et al. Effect of low-dose iron supplementation on early development in breastfed infants: a randomized clinical trial. JAMA Pediatr. (2024) 178(7):649–56. doi: 10.1001/jamapediatrics.2024.1095

25. Wang YJ, Wu Q, Yang LC, Zhang XR, Zeng CM, Yang XG, et al. The influence of preventive iron supplementation to iron nutritional status in breastfed infants. Zhonghua Yu Fang Yi Xue Za Zhi. (2012) 46(4):299–302. doi: 10.3760/cma.j.issn.0253-9624.2012.04.003

26. Yurdakök K, Temiz F, Yalçin SS, Gümrük F. Efficacy of daily and weekly iron supplementation on iron status in exclusively breast-fed infants. J Pediatr Hematol Oncol. (2004) 26(5):284–8. doi: 10.1097/00043426-200405000-00005

27. Ermis B, Demirel F, Demircan N, Gurel A. Effects of three different iron supplementations in term healthy infants after 5 months of life. J Trop Pediatr. (2002) 48(5):280–4. doi: 10.1093/tropej/48.5.280

28. Friel JK, Aziz K, Andrews WL, Harding SV, Courage ML, Adams RJ. A double-masked, randomized control trial of iron supplementation in early infancy in healthy term breast-fed infants. J Pediatr. (2003) 143(5):582–6. doi: 10.1067/S0022-3476(03)00301-9

29. Bah M, Stelle I, Verhoef H, Saidykhan A, Moore SE, Susso B, et al. Early iron supplementation in exclusively breastfed gambian infants: a randomized controlled trial. Bull World Health Organ. (2024) 102(3):176–86. doi: 10.2471/BLT.23.289942

30. Dewey KG, Domellöf M, Cohen RJ, Rivera LL, Hernell O, Lönnerdal B. Iron supplementation affects growth and morbidity of breast-fed infants: results of a randomized trial in Sweden and Honduras. J Nutr. (2002) 132(11):3249–55. doi: 10.1093/jn/132.11.3249

31. McMillen SA, Dean R, Dihardja E, Ji P, Lönnerdal B. Benefits and risks of early life iron supplementation. Nutrients. (2022) 14(20):4380. doi: 10.3390/nu14204380

32. de Onis M. The WHO child growth standards. World Rev Nutr Diet. (2015) 113:278–94. doi: 10.1159/000360352

33. Domellöf M. Iron requirements in infancy. Ann Nutr Metab. (2011) 59(1):59–63. doi: 10.1159/000332138

34. Georgieff MK. Iron assessment to protect the developing brain. Am J Clin Nutr. (2017) 106(Suppl 6):1588s–93. doi: 10.3945/ajcn.117.155846

35. Chmielewska A, Chmielewski G, Domellöf M, Lewandowski Z, Szajewska H. Effect of iron supplementation on psychomotor development of non-anaemic, exclusively or predominantly breastfed infants: a randomised, controlled trial. BMJ Open. (2015) 5(11):e009441. doi: 10.1136/bmjopen-2015-009441

36. McCarthy EK, Murray DM, Kiely ME. Iron deficiency during the first 1000 days of life: are we doing enough to protect the developing brain? Proc Nutr Soc. (2022) 81(1):108–18. doi: 10.1017/S0029665121002858

37. Radlowski EC, Johnson RW. Perinatal iron deficiency and neurocognitive development. Front Hum Neurosci. (2013) 7:585. doi: 10.3389/fnhum.2013.00585

38. Theola J, Andriastuti M. Neurodevelopmental impairments as long-term effects of iron deficiency in early childhood: a systematic review. Balkan Med J. (2025) 42(2):108–20. doi: 10.4274/balkanmedj.galenos.2025.2024-11-24

39. Bakoyiannis I, Gkioka E, Daskalopoulou A, Korou LM, Perrea D, Pergialiotis V. An explanation of the pathophysiology of adverse neurodevelopmental outcomes in iron deficiency. Rev Neurosci. (2015) 26(4):479–88. doi: 10.1515/revneuro-2015-0012

40. Hentze MW, Muckenthaler MU, Galy B, Camaschella C. Two to tango: regulation of mammalian iron metabolism. Cell. (2010) 142(1):24–38. doi: 10.1016/j.cell.2010.06.028

41. Brannon PM, Taylor CL. Iron supplementation during pregnancy and infancy: uncertainties and implications for research and policy. Nutrients. (2017) 9(12):1327. doi: 10.3390/nu9121327

42. Bahr TM, Ward DM, Jia X, Ohls RK, German KR, Christensen RD. Is the erythropoietin-erythroferrone-hepcidin axis intact in human neonates? Blood Cells Mol Dis. (2021) 88:102536. doi: 10.1016/j.bcmd.2021.102536

43. German KR, Comstock BA, Parikh P, Whittington D, Mayock DE, Heagerty PJ, et al. Do extremely low gestational age neonates regulate iron absorption via hepcidin? J Pediatr. (2022) 241:62–7.e1. doi: 10.1016/j.jpeds.2021.09.059

44. DeLoughery TG. Iron deficiency Anemia. Med Clin North Am. (2017) 101(2):319–32. doi: 10.1016/j.mcna.2016.09.004

45. Kassebaum NJ. The global burden of Anemia. Hematol Oncol Clin North Am. (2016) 30(2):247–308. doi: 10.1016/j.hoc.2015.11.002



OPS/images/fped-13-1587457-g006.jpg
Iron

Control
Study or Suhgmup Mean SD Total Mean SD Total Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

4315
42 27 26 19 3.1% 21.00[-2.67,44.67)
Vurdakok 2004 27 5 231 21 319 23.8 20 8.3% -4.401-18.77,9.97]
Subtotal (95% CI) 39 11.4% 244[ 9.84, 14.72]
Heterogeneny Chi*=323,df=1(P= 0 07); 12 = 69%
Test for overall effect: Z = 0.39 (P = 0.70)
43.2 12 months
Friel 2003 18 9 13 14 8 13 402% 4.00[-2.5510.55]
Svensson 2024 #e 2 gl 5o b i 3d [ 27,9 371
total (95% CI) 124 123
Heterogeneity: Chi? = 0.02, df = 1 (P = 0.8
Test for overall effect: Z = 1.63 (P = 0.10)
Total (95% <) 162 100.0%  3.53 [-0.62, 7.68]
Heterogeneity: Chi® = 3.28, af—z(P—uzs) 1= 9% :
0 -50 0 50 100
Test for ver e"e“ L674P = 0110) Favours [Iron] Favours [control]
Test for subgroup differences: Chi? = 0.03, df = 1 (P = 0.85), I = 0%
Iro ntrol n Difference Mean Difference
Study or Subgroup _Mean su Total Mean SD_Total Weight |v, Fixed, 95% CI IV, Fixed, 95% CI
Bah 2024 -0.8 471 50 -3.1 605 51 84.4%  230[0.19,4.41]
Wang 2012 -3.93 e 01 26 -823 121 34 145%  4.30[-0.80, 9.40]
Yurdaksk 2004 -13.7 35.8 23 -167 262 22  L1% 3.00(-15.27,21.27]
al (95% CI) 107 100.0%  2.60 [0.66, 4.54]
Heterogenemy Chi? = 0. 51 df— 2= o 78); I = 0% :
Test for overall effect 2 (P = 0.009) e o : o 100

ol
SD_Total Weight

Irol Control
Study or Subgroup _Mean SD To(al Mean
024 -0.06 1.1 02 121 51 87.2%
1.78 zs -0.52 2.96 34 12.8%
85 100.0%

dhl(r 057)|—0%
Z—097(P

Favours [Iron] Favours [control]

Mean Difference
1V, Fixed, 95% CI
-0.26 [-0.72, 0.20]
0.11[-1.10, 1.32]

Mean Difference
1V, Fixet

d, 95% CI

-0.21[-0.64, 0.22]

S
3

50 0 50 100
Favours [Iron] Favours [control]





OPS/images/fped-13-1587457-t001.jpg
Outcomes
Length gain

Study design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

Effect (95% Cl)
MD ~001 (~0.09 to 0.06)

Quality
Low

Weight gain

MD —0.04 (<007 to ~0.01)

Moderate

Head circumference gain

MD -0.14 (=0.19 to ~0.09)

Height for-age

MD 0.04 (=0.23 to 0.31)

Weight for-age

MD 0.04 (=0.22 to 0.30)

MDI

MD —0.93 (387 t0 2.02)

Hb

MD 036 (0.09 to 0.63)

Very low

6 months

MD 0.46 (~0.03 to 0.94)

Very low

12 months

MD 022 (<001 to 0.44)

Low

)

MD 051 (0.29 to 0.90)

Moderate

6 months

MD 038 (0.15 to 1.00)

Moderate

12 months

MD 061 (030 to 1.22)

Moderate

DA

MD 061 (0.43 t0 0.88)

Moderate

6 months

MD 0.58 (040 to 0.84)

Moderate

12 months

MD 1.22 (0221 to 7.00)

Low

MCV

MD 292 (192 to 3.92)

Moderate

Serum ferritin

MD 353 (~0.62 to 7.68)

Low

6 months

MD 2.44 (=984 to 14.72)

Very low

12 months

MD 367 (~0.74 to 8.08)

Low

Serum iron

MD 260 (0.6 to 4.54)

Low

Transferrin receptor

MD —021 (-0.64 to 0.22)

Low





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of iron supplementation in healthy exclusively breastfed infants: a systematic review and meta-analysis

		1 Introduction



		2 Methods



		2.1 Registration



		2.2 Inclusion criteria



		2.2.1 Population



		2.2.2 Intervention



		2.2.3 Comparison



		2.2.4 Outcomes



		2.2.5 Study design











		2.3 Exclusion criteria



		2.4 Search and extraction



		2.5 Assessment of risk of bias in included studies



		2.6 Quality of evidence



		2.7 Statistical analyses











		3 Results



		3.1 Literature search and selection



		3.2 Study characteristics



		3.3 Assessment of bias risk



		3.4 Quality of evidence



		3.5 Outcomes



		3.5.1 Growth



		3.5.2 MDI



		3.5.3 ID, IDA, and hematologic parameters



		3.5.4 Evaluation of iron status











		3.6 Sensitivity analysis











		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Author disclaimer



		Supplementary material



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Effect of iron supplementation in
healthy exclusively breastfed
infants: a systematic review and
meta-analysis









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fped-13-1587457-g001.jpg
Records identified from:

PubMed (n=434) Records removed before
g?:ﬁiii“;iﬁ)l) Dl;pl;cate records removed (n
(Total n=102 53)

Records excluded:

Reviews (n=

Records screened Animal experiments (n=5);

(n=770) Meta analyze (n=3);

Conferences, lellers guidelines, surveys, cases(n=71);
Protocols(n=139);

l Irrelevant(n=484)

Reports sought for retrieval
(n=31)

l

Reports not retrieved
(n=5)

Reports assessed for eligibility () "
(n=26) T o )
Low birth weight 1nfant (n=4)
l Data unavailable (n=5

Studies included in review
(n=8)






OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-13-1587457-g005.jpg
Iron
Study or Subgroup _Mean

n Difference
Weight IV Randam, 5% CI

Mean Difference
1V, Random, 95% CI

3116 months

ah 2024 ug o
Friel 2003 2.4 091
Yurdakok 2004 el

Subtotal (95% CI)
Heterogeneity: Tau? =

Control
SD_Total Mean _SD Total
50 106 09 51
28 116 0.66 21
21 109 07 20
9 92

0.14; Chi? = 8.4, df = 2 (° = 0.01); I = 7¢

19.0%  0.60(0.19, 1.01)
181%  0.80(0.36, 1.24)
208%  0.00[-037,0.37]
581%  0.46 [-0.03,0.94]
6%

Test for overall effect: Z = 1.84 (P = 0.07)
3.1.212 months
Friel 2003 23078 23 12 19 15.4%  030(-022,082
Svensson 2024 118 09 111 116 1o 265 02000 s 0.45)
Subtotal (95% C) 134 129 419% 022[-001,0.44]
Hiregunly: Tl = 000/ €h = 022, 6 w1 = LT3R 2 O
Test for overall effect: Z = 1.90 (¢
tal (95% Cl) 221 2000%] {036 0ei0e)
Heterogeneity: 0%
00 50 S0 100
Test for overall effe
Favours [Iron] Favours [control]
Test for subgroup d =1(p=039,F= Ul s ool
Iron Control Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3216 months
Friel 2003 28 7 21 280% 1(0.05,0.93] — |
Yurdakok 2004 3 21 T % e oniforszan ———
Subtotal (95% CI) 49 41 424% 038015, 1.00] B
Total events =
Heterogeneity: C
Ter o vl s 2 e L350~ 00
.22 12 months
riel 2003 19 23.0%  0.83(0.32,2.15) e
Svensson 2024 66 34.6% 046016, 130] —e—
Subtotal (95% CI) 85 576% 061[030,122] -
Total events
Heterogeneity: Chi* 41 1 = 0%
Test for overall effect:
c|> 152 126 100.0%  0.51[0.29,0.90] >
Total e
Heter o =3 L 46\ = 0%
bor o1 0 100
e o vt alfeiis = 34 o Favours liron] Favours [controll
Test for subgroup differences: Chi* =1(=045),1 = 0% ors lron] P Jeonteol
Iro Control Risk Ratio Risk Ratio
Studyor Subgroup_Events " Total Events Total Weight M-H, Fixed, 95% C1 M-H, Fixed, 95% CI
3616 m:
oah 2024 21 50 34 50 768% .42, 0. &+
Friel 2003 o 28 D 3 Tow  onslbon tes 1
Yurdakok 2004 € i o7iidea) —==
Submrzl (95% 1) 91 950%  0.58[0.40, 0.5 @
tal events a1
Heteragenelly Cchit = 1. 0.48); 1 = 0%
for overall effect: Z .004)
.62 12months
Friel 2003 23 19 25% 1650016, 16.85] ————
Svensson 2024 1069 155 25% 0.80(0.05,12.46] —y =
smnm (95% &) 92 74 50%  122[021,7.00] | mEE—
Tota 2
Hemrager\eﬂy chit = -o15, it 0.69); = 0%
Test for overall effec .22 (P = 0.82)
(95% CI) 191 165 100.0%  0.61[0.43,0.88] &
Total events
Heterogeneity: Chi’ = 2.15,
oo1 o1 0 100
e e e sty
2 iron] Fs trol]
Test for subgroup d‘"eren(es cm =0.67,df = 1(P=0.41), 7 = arofrs (ror] Favollscontroll
ontrol Mean Difference Mean Difference
Study or Subgroup Mun sD Total Mm SD_Total_Weight IV, erd. 9s%Cl IV, Fixed, 95% CI
Bah 2024 7.7 50 74.9 4.4 51 37.2% 2.80(L16,4.44)
Friel 2003 T 4 mys o aom soon xo szol =
Yurdakok 2004 737 31 712 18 20 42.1% 2.50[0.9
Total (95% CI) 92 100.0% 2.92 [1.92,3.92) "
Heterogeneity: Chi* = 1.23, df = 2 ot
Tes o ovaraafec 2 5.3 7 < 500000 0 vl vl





OPS/images/fped-13-1587457-g004.jpg
Study or Subgroup

Experimental Control
Mean SD To! tal Mean SD_Total

Friel 2003
Svensson 2024
Total (95% CI)
Helerogeneny Chiz

est for overall effect: Z = 0.62 (P =

108 108 104 20 28.7%

100.7 132 104 102 12 9 7
130 116

=0.15,df = 1 (P = 0.70); I =

0.54)

Mean Difference
1V, Fixed, 95% CI
0.00 [-5.50, 5.50]

-1.30 [-4.79, 2.19]

100.0% -0.93 [-3.87, 2.02]

Mean Difference
1V, Fixed, 95% CI

-50 0 50
Favours [Iron] Favours [control]





OPS/images/fped-13-1587457-g003.jpg
ontrol Mean Difference
S(udyorsubgroup Mean so Total Mean SD Total Weight IV,

ixed, 95% CI
Dewey. 3.07 70 3.08 0.14 78 99.0% -0.01[-0.08, 0.06]
Frlel2003 7 2.13 32 7.4 193 24 0.5% -0.40(-147,0.67]
Wang 2012 452 197 26 4.46 221 34  0.5% 0.06[-1.00, 1.12]
Total ( 128 136 100.0% -0.01 [-0.09, 0.06]

otal (95% CI)
Heterogeneity: Chi? = 0.53, df =2 (P = 0.77); I =
Test for overall effect: Z = 0.30 (P = 0.76)

Control in Difference
Study or Subgmup Mean SD Total Mean _SD Total Weight |v Fixed, 95% CI
Dewey. 083 007 70 087 01 78 981% -0.04(-0.07,-0.01]
Friel zooz 19 o 79 32 2076 24 04% -0.10(-051,031]
Wang 2012 122 036 26 123 053 34  15% -0.01[-0.24,0.22]

Total (95% CI) 136 100.0% -0.04 [-0.07, -0.01]
Heterogeneity: Chi? = 0. 15 df— 2 (P = 0 93) 7= 0%
Test for overall effect:

Mean Difference
IV, Fixed, 95% CI

-100  -50 50 100

Favours [iron] Favours [control]

Mean Difference
1V, Fixed, 95% CI

-100 50 50 100

Favours [iron] Favours [control]

n Difference

iron Control Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed, QS%CI IV, leed 95% ClI
Dewey20( 146 011 70 16 0.18 78 99.3% -0.14[-0.19,

Friel 2003 4 12 32 38 1 24 07% 020[-038, 078]

Total (95% CI) 102 100.0% -0.14 [-0.19, -0.09]
Heterogeneity: Chi? = 1.32, df = 1 (P - 0 25); 17 = 25%

on n Difference
Study or Subgroup Mean sD Total Mean SD To(al Weight IV. Fixed, 95% CI
Bah 2024 -0.81 124 50 -0.68 118 32 2% u 13 [-0.60, 0.34]
Dewey200: 0.33 1.04 -0.45 0.97 78 21[-0.21, 0.45]
Total (95% CI) 129 100.0% 0.04 [-0.23,0.31]
Heterogeneity: Chi® = 0. 73 df = 1 (P = 0 39) 12 = 0%
Test for overall effect: Z
Control Mean Difference
StudyorSubgmup Mean SD Total Mean SD_Total Welghl |V, Fixed, 95% CI
-0.64 113 51 6 [-0.41, 0.53]
Dewey2002 0.01 0.95 70 -o.oz 095 78 70 1% 003[ -0.28, 0.34]
Total (95% CI) 129 100.0% 0.04 [-0.22, 0.30]

1 (95%
He(emgenelly Chi* = 0.01, df = 1(? 092) 2= 0%
est for overall effect: Z = 0.30 (P =

-100  -50 0 50 100

Favours [iron] Favours [control]

Mean Differen
IV, Fixed, 95% CI

-50 0 50
Favours [iron] Favours [control]

Mean Difference
IV, Fixed, 95% CI

-100  -50 100

Favours [Amn] Favours [mmra\]





OPS/images/fped-13-1587457-g002.jpg
pants and personnel (performance bias)

ing of outcome assessment (detection bias)

Bah 2024

Dewey2002

Ermis 2002

Friel 2003

Svensson 2024

Wang 2012

O OO O O @ @ incomplete outcome data (attrition bias)
. . . . . . ‘ Selective reporting (reporting bias)
O O O O ~| @®|® otherbias

O O O O O O ® | Rrandom sequence generation (selection bias)
. . . . . . . Allocation concealment (selection bias)

5
[=%
‘s
2
°
5
£
@
[ )
[
®
@
[2]
o

Yurdakok 2004

Random sequence generation (selection bias) [ MMM

Allocation concealment (selection bias) [ N MDD |

Blinding of participants and personnel (performance bias) [ MMM B
Blinding of outcome assessment (detection bias) [ N NMMINNEEE. |
Incomplete outcome data (attrition bias) [ ENNMMIIEEN

Selective reporting (reporting bias) [ NN

other bias [N

0% 25% 50% 75%  100%
| [l Low risk of bias [ unclear risk of bias [l High risk of bias |






