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Abstract. Background: Iron deficiency anemia (IDA) is a major public health problem among 

children worldwide. Iron deficiency without anemia (IDWA) is at least twice as common as IDA. 

Some studies propose that oral iron fortification can modify the infant's gut microbiome, leading 

to intestinal inflammation. 

Objectives: To determine whether oral iron therapy can lead to intestinal inflammation in children 

with IDA or IDWA. 

Patients and methods: Fifty-six patients aged 6 months to 16 years (median age 7.6 years) with IDA 

or IDWA were randomly assigned to receive either iron (III)-hydroxide polymaltose 

complex (IPC) 5 mg/kg once daily (maximum dose 100 mg) or sucrosomial iron (SI)1.4 mg/kg once 

daily (maximum dose 29.4 mg). Safety and efficacy were studied after 30 and 90 days of treatment. 

In addition, fecal calprotectin as a marker of intestinal inflammation was measured 

simultaneously and compared to results obtained before therapy. 

Results: A significant increase in serum ferritin was noted in both groups as the median ferritin 

level at baseline was 6.7 μg/L in the IPC group and 6.6 μg/L in the SI group, increasing to 15.9 

μg/L and 12.1 μg/L respectively, after 90 days of treatment. However, there was no significant 

change in fecal calprotectin in either group. In addition, no differences in the trend over time were 

observed between the two groups regarding fecal calprotectin, serum ferritin, and hemoglobin. 

Conclusions: IPC and SI were equally effective in treating IDA and IDWA. At the recommended 

doses, oral iron therapy does not seem to induce intestinal inflammation. 
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Introduction. One-fourth of the global 

population has been estimated to be anemic, as in 

2021, 1.92 billion people globally had anemia.1 

Across all ages and both sexes, the leading cause of 

anemia is dietary iron deficiency.1 Therefore, iron 

deficiency anemia (IDA) is by far the most common 

anemia worldwide. For every patient with IDA, 

there is at least one more with iron deficiency 

without anemia (IDWA), and most of them reside in 

countries with limited resources.2 In developed 

countries, the prevalence of IDA in children < 4 

years of age is estimated to be 20.1%, while the 

prevalence increases to 39% in developing 

countries.3 
Iron supplementation aims to prevent sideropenia and 

to correct established IDA. Many oral iron products at 

various formulations and doses are available, including 

ferrous iron salts, ferric iron salts, heme-iron 

polypeptides, carbonyl iron, chelates of iron with amino 

acids, complexes of ferric iron with polysaccharides 

(iron (III)-hydroxide polymaltose complex, IPC), and 

complexes of iron with amino acids in casein, such as 

iron protein succinylate and iron acetyl aspartylate.2 

Ferrous salts, either sulfate or gluconate, are by far the 

most commonly used oral iron preparations. However, 

absorption of oral iron is poor and may be further 

reduced by certain medications (e.g., proton pump 

inhibitors) and food intake, thus making oral iron 

treatment difficult.4,5 In addition, gastrointestinal adverse 

effects diminish compliance with therapy. A recent study 

by Jaeggi et al. showed that the provision of iron-

containing micronutrient powders (MNPs) to weaning 

infants adversely affects the gut microbiome, increasing 

pathogen abundance, fecal calprotectin, and rates of 

diarrhea among Kenyan infants.6 

Recently, new preparations of oral iron, such as 

sucrosomial iron (SI) became commercially available. SI 

is an innovative oral iron formulation in which ferric 

pyrophosphate is protected by a phospholipid bilayer, 

mainly from sunflower lecithin, plus a sucrester matrix 

(sucrosome), which is absorbed through para-cellular 

and trans-cellular routes (M cells).5 To date, in vitro 

studies have shown that SI is mostly absorbed as a 

vesicle-like structure, bypassing the conventional iron 

absorption pathway.5 Due to its behavior in the 

gastrointestinal tract, SI is well tolerated and highly 

bioavailable, compared to conventional iron salts.5,7 In an 

Italian randomized trial, Pisani et al. showed that oral 

liposomal iron was a safe and efficacious alternative to 

IV iron gluconate in correcting anemia in patients with 

chronic kidney disease (CKD). However, its effects on 

the repletion of iron stores and the stabilization of 

hemoglobin (Hb) after drug discontinuation were 

inferior.8 Adequate data regarding the efficacy of SI in 

the treatment of children with IDA are still lacking. 

Our study aimed to determine the efficacy and safety 

of two oral iron preparations in pediatric patients with 

IDA or IDWA, particularly on intestinal inflammation. 

One of the products, i.e., IPC has been widely used and 

studied in the past, while the other (SI), is a new and 

promising product with limited safety and efficacy data 

in children. 

 

Patients and Methods. According to the World Health 

Organization (WHO), in assessing anemia, the following 

cutoff values for Hb were used: Hb<11 g/dL in children 

6 months to 59 months old, Hb<11.5 g/dL for children 5-

11 years old, Hb< 12 g/dL for children 12-14 years old, 

Hb< 12 g/dL for adolescent girls > 15 years old, and Hb 

<13 g/dL for adolescent boys> 15 years of age.9 

Patients with IDA had lower Hb values than those 

listed above and serum ferritin 15 μg/L and/or total iron 

binding capacity (TIBC) 425 μg/dL. Patients with 

normal Hb but serum ferritin 15 μg/L or total iron 

binding capacity (TIBC) 425 μg/dL were defined as 

patients with IDWA. Exclusion criteria were a previous 

allergic reaction to any of the oral iron products used, 

children with IDA due to inflammatory bowel diseases 

(IBD), celiac disease or CKD, and children on 

medications that can lower gastric acidity, such as proton 

pump inhibitors. The duration of treatment was three 

months. Patients were randomly assigned by using a 

random number-generating computer program to receive 

either IPC 5 mg/kg once daily (maximum daily dose 100 

mg) or SI 1.4 mg/kg once daily (maximum daily dose 

29.4 mg). 

At baseline and after 30 and 90 days, venous blood 

was drawn. At the same time, parents were instructed to 

collect and bring a stool sample from their children. The 

following parameters were determined: Hb, reticulocytes 

(Ret), serum ferritin, TIBC, serum iron, transferrin 

saturation, C-reactive protein (CRP), and erythrocyte 

sedimentation rate (ESR). The stool samples were 

introduced within a special vial that can preserve feces 

for 7 days at 2-8 °C and at -20 ºC for 6 months. 

Calprotectin Turbilatex, a latex turbidimetric assay for 

the quantitative detection of calprotectin in human stool 

samples, was used to determine fecal calprotectin. This 

assay is performed on the Architect c8000 chemical 

analyzer (Abbott, Abbott Park, IL, USA). The 

calprotectin range is 20-8000 μg/g of stool, with normal 

levels indicating the absence of inflammation to be < 50 

μg/g. 

The study was approved by the ethics and research 

committees of the University General Hospital of 

Alexandroupolis, and the parents of all participating 

children gave written informed consent.  

 

Statistical Analysis. The chi-square test was also used to 

test for significant differences in dichotomous variables. 

Nominal variables are presented as absolute and relative  
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Table 1. Demographic characteristics of the participating patients. 

 
 Total (N=56) Children with IDWA (N=24) Children with IDA (N=32) 

N  Percentage % N Percentage % N Percentage % 

Sex 
Male (M) 23  41.07 14 58.33 9 28.12 

Female (F) 33  58.92 10 41.66 23 71.87 

Age 

6-59 mo 22 
M:15 

39.28 8 33.33 14 43.75 
F:7 

5-11 yr 14 
M:3 

25.00 8 33.33 6 18.75 
F:11 

12-15 yr 20 
M:5 

35.71 8 33.33 12 37.50 
F:15 

mo: months, yr: years. 

 

Table 2. Results for serum ferritin, fecal calprotectin, and Hb at baseline and after 30 and 90 days of treatment. 

    Baseline  After 30 days After 90 days   

    N 
Mean 

(SD) 

Median 

(IQR) 
N 

Mean 

(SD) 

Median 

(IQR) 
N 

Mean  

(SD) 

Median  

(IQR) 

p-value  

(0 vs 90) 

IPC 

Serum 

ferritin 

(μg/L) 

26 
7.8 

(4.6) 

6.7 

(4.4-10.4) 
25 

12.7 

(8.5) 

11.3 

(5.0-16.6) 
19 

18.6 

(13.0) 

15.9 

(10.4-23.0) 
0.002# 

  
Calprotectin  

(μg/g) 
26 

256.8 

(515.5) 

61.6 

(16.1-213.3) 
24 

161.7 

(190.9) 

114.4 

(29.6-227.7) 
16 

70.6 

(60.9) 

47.3 

(22.1-107.3) 
0.290# 

  Hb (g/dL) 28 
10.3 

(2.4) 

10.7 

(8.1-12.6) 
25 

10.8 

(2.2) 

11.5 

(8.8-12.7) 
19 

12.1 

(1.4) 

12.1 

(10.9-13.2) 
0.002* 

                        

SI 

Serum 

ferritin 

(μg/L) 

26 
6.9 

(3.5) 

6.6 

(4.0-8.8) 
24 

11.7 

(8.5) 

9.7 

(5.8-13.1) 
22 

16.5 

(11.3) 

12.1 

(8.5-25.4) 
0.001# 

  
Calprotectin 

(μg/g) 
27 

139.4 

(160.4) 

108.5 

(34.2-171.8) 
26 

182.5 

(257.4) 

85.3 

(26.7-253.2) 
22 

120.9 

(162.6) 

49.3 

(19.8-123.6) 
0.964# 

  Hb (g/dL) 27 
11.1 

(1.4) 

10.9 

(10.2-11.9) 
25 

11.5 

(1.5) 

11.6 

(10.7-12.4) 
22 

12.1 

(1.8) 

12.1 

(11.5-12.6) 
0.003* 

IPC: iron polymaltose complex, SI: sucrosomial iron, SD: standard deviation, IQR: interquartile range *paired sample t-test #Sign-rank test 

 

(%) frequencies, while quantitative ones with mean, 

standard deviation, median, and interquartile range 

(IQR). The normality of data was evaluated graphically 

with histograms, as well as with the Shapiro-Wilk 

statistical test. To identify significant changes in 

laboratory measurements 90 days after treatment 

initiation, a paired t-test (or sign-rank test, when the 

normality of data did not hold) was performed. 

Independent samples t-test (or Mann-Whitney test, when 

the normality of data did not hold) was used to compare 

changes between the two groups. Trends over time 

(baseline measurements, 30 and 90 days after treatment 

initiation) and differences in trends between the two 

groups were evaluated using Linear Mixed Models. The 

chi-square test of independence was used to detect 

differences in the frequency of side effects between the 

two groups. The level of statistical significance was set 

at 0.05. Analysis was conducted with the statistical 

package STATA SE v.18. 

 

Results. Overall, 56 children were enrolled in the study 

(age 6 months to 15 years). The demographic 

characteristics of the participating children are shown in 

Table 1. Three of them (girls 9, 11, and 14 years old) did 

not complete the designated oral treatment, as they had 

severe IDA that did not adequately respond to oral iron 

therapy after 30 days, thus necessitating the 

administration of parenteral iron. In addition, six patients 

(1 20-month-old boy, 1 9-year-old boy, and 4 girls 11, 

12, 13, and 15 years old) failed to provide stool samples 

at 30 and/or 90 days and were also excluded. Hence, the 

final analysis included 47 patients. Among them, 23 

patients were prescribed IPC and 24 SI. 

Results for fecal calprotectin, serum ferritin, and Hb 

at baseline and after 30 and 90 days of treatment are 

presented in Table 2. Fecal calprotectin levels did not 

increase compared to baseline measurements in both 

groups after 90 days of treatment (Figure 1). IPC and SI 

effectively elevated serum ferritin levels after 30 and 90 

days (Figure 2). Median ferritin level at baseline was 6.7 

μg/L in the IPC group and 6.6 μg/L in the SI group, 

increasing to 15.9 μg/L and 12.1 μg/L respectively, after 

90 days of treatment (p=0.002 and p=0.001, 

respectively).  Both I  PC and SI effectively  elevated  Hb  
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Figure 1. Fecal calprotectin levels over time. There was no 

significant change in fecal calprotectin levels compared to baseline 

measurements in both groups after 90 days of treatment. 

 

 

Figure 2. Serum ferritin levels over time. Both IPC and SI effectively 

elevated serum ferritin levels after 30 and 90 days of treatment.  

 

 

Figure 3. Hemoglobin levels over time. Both IPC and SI effectively 

elevated hemoglobin levels in patients with IDA after 30 and 90 days 

of treatment. 

 

levels in patients with IDA after 30 (p= 0.003 and 

p<0.001, respectively) and 90 days of treatment 

(p=0.002 and p=0.003, respectively) (Figure 3). In 

addition, no differences in the trend over time were 

observed between the two groups regarding fecal 

calprotectin, serum ferritin, and Hb (Table 3). 

Gastrointestinal side effects, such as abdominal pain, 

diarrhea, and constipation, were reported by 5 patients, 4 

in the IPC (17.4%) and 1 (4.2%) in the SI group (p=0.19). 

Discussion. Strategies to control sideropenia include 

daily and intermittent iron supplementation, home 

fortification with MNPs, fortification of staple foods and 

condiments, and activities to improve food security and 

dietary diversity.10 In areas where the prevalence of 

anemia in children < 5 years of age is 20%, WHO 

recommends fortification of complementary foods with 

iron-containing MNPs in infants and young children 

aged 6-23 months.11 In this age group, MNPs decrease 

the risk of anemia by 18% and iron deficiency by 53% 

compared to no intervention or placebo.11 However, the 

safety of this strategy is unclear. In a review of 29 studies 

conducted in low- and middle-income countries in Asia, 

Africa, Latin America, and the Caribbean, where anemia 

is a major public health problem, MNPs appeared to 

improve some cognitive outcomes, such as receptive and 

expressive language but did not seem to influence all-

cause morbidity, diarrhea, upper respiratory infections or 

the risk of malaria.12,13 However, information on the side 

effects and morbidity, including malaria and diarrhea, 

was scarce, and therefore, these results should be 

interpreted with caution.12 

Management guidelines and treatment 

recommendations for iron-deficient children are not 

evidence-based, and few clinical studies compare oral 

iron products in pediatric patients,2,14 often making the 

choice and dose of the product to be used difficult.  

The usually recommended dose for IPC products is 3-

6 mg/kg/day in one or divided doses. Jaber et al. 

compared the efficacy and safety of iron gluconate (IG) 

versus IPC in the prevention of IDA in 105 healthy 

infants attending a community pediatric center in Israel. 

Mean Hb levels at the study end were significantly 

higher in the IG group, but IPC was associated with 

significantly fewer adverse events.15 Name et al. 

randomized 20 children with IDA in Brazil aged 1 to 13 

years to IPC or iron bis-glycinate at 3 mg/kg/day for 45 

days. They reported that both iron preparations were 

equally effective in elevating Hb, but only iron bis-

glycinate significantly increased ferritin, suggesting 

greater efficacy than IPC in increasing iron stores.16 

Bopche et al. assessed the clinical response and side 

effects of ferrous sulfate (FS) and IPC in 106 children 

with IDA. All patients were given elemental iron 6 

mg/kg/day in three divided doses. Patients who received 

FS had significantly higher Hb and fewer residual 

complaints compared to those who received IPC. 

However, gastrointestinal side effects were 2.5 times 

more common in the FS-treated children.17 Powers et al. 

randomized 80 infants and children aged 9 to 48 months 

with nutritional IDA to 3 mg/kg/day of elemental iron 

once daily for three months as either FS or IPC drops. 

Treatment with FS resulted in a greater increase in Hb 

concentration at 12 weeks, while the proportion of 

children with complete resolution of IDA at the end of 

therapy  was  also  significantly  higher  in  the  FS  group
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Table 3. Changes over time in both groups regarding serum ferritin, fecal calprotectin, and hemoglobin. 

  IPC SI   

Changes 0-90 N Mean (SD) Median (IQR) N Mean (SD) Median (IQR) p-value 

Change in serum ferritin 19 9.9(11.9) 5.5(1.2-18.0) 22 9.8(10.8) 6.1(0.9-17.6) 0.977# 

Change in calprotectin 16 -33.3(121.5) -0.8(-96.8-47.9) 21 1.6(161.4) -4.7(-89.8-30.3) 0.474# 

Change in Hb 19 1.0(0.9) 0.9(0.4-1.4) 22 1.1(1.1) 1.1(0.1-1.5) 0.887* 

IPC: iron polymaltose complex, SI: sucrosomial iron, SD: standard deviation, Hb: hemoglobin, IQR: interquartile range *Independent sample 

t-test #Mann-Whitney test. 

 

(29% versus 6%). Both iron products were well tolerated, 

but there were significantly more reports of diarrhea in 

the IPC group.18 Sheikh et al. randomized 70 toddlers 

with IDA to receive FS or IPC at 6 mg/kg/day of 

elemental iron in three divided doses. Response and 

compliance with therapy were comparable for both 

groups.19 In a systematic review and meta-analysis that 

assessed the effectiveness of IPC in the treatment and 

prevention of IDA in children, 6 trials (5 from Turkey 

and 1 from India) were included in the comparison group, 

which was used to evaluate IPC versus FS. There was 

moderate to high certainty evidence that FS is superior to 

IPC in correcting IDA, with a clinically meaningful 

difference in improving Hb and ferritin levels. The 

occurrence of gastrointestinal side effects such as 

spitting, vomiting, constipation, nausea, and 

stomachaches was comparable between IPC and FS.20 

Russo et al. prospectively monitored oral iron therapy in 

children with IDA aged 3 months to 12 years treated in 

15 centers of the Associazione Italiana di Ematologia ed 

Oncologia Pediatrica. In this multicenter study, 13 

patients with mild IDA were given liposomal iron. None 

of them reported gastrointestinal side effects, such as 

nausea, vomiting, abdominal pain, or constipation. 

However, liposomal iron was less effective in correcting 

IDA at 2 and 8 weeks compared to other iron 

preparations, i.e., ferrous gluconate, FS, ferric iron salts, 

and bis-glycinate iron.21 Cancelo-Hidalgo et al. 

performed a systematic review of the tolerability of 

different iron supplements and found that ferrous 

fumarate had the highest rate of adverse events (47%), 

followed by FS and ferrous gluconate (32% and 30.9%, 

respectively). Among all oral iron products, ferrous 

glycine sulfate, iron protein succinylate, and FS 

combined with mucoproteose were those better 

tolerated.22 

In our study, patients who were treated with IPC were 

prescribed 5 mg/kg/day in a single dose. For SI, the dose 

of 1.4 mg/kg/day was chosen based on an ex vivo and in 

vivo study of SI intestinal absorption and bioavailability7 

and a previously published study.21 The doses used for 

IPC and SI were equally effective in elevating Hb and 

serum ferritin levels at 30 and 90 days. The fact that only 

one patient in the SI group reported gastrointestinal side 

effects versus five in the IPC group was not statistically 

significant, but in larger studies, this may not be the case. 

Our study showed that oral iron therapy in children 

with IDA or IDWA aged 6 months to 16 years (median 

age 7.6 years) does not induce intestinal inflammation, 

as assessed by fecal calprotectin. Some studies have 

shown that iron fortification can extensively modify the 

gut microbiota, increasing enterobacteria and decreasing 

lactobacilli and leading to intestinal inflammation 

measured by fecal calprotectin.6,23 Jaeggi et al. 

performed two double-blinded randomized clinical trials 

in 6-month-old Kenyan infants consuming home-

fortified maize porridge daily for four months. In the first 

trial, infants received an MNP containing 2.5 mg of iron 

as NaFeEDTA or the same MNP without iron. In the 

second trial, they received a different MNP containing 

12.5 mg of elemental iron as ferrous fumarate or the 

same MNP without iron. Comparing +FeMNP versus 

−FeMNP by qPCR analysis, they revealed a borderline 

significant effect of iron on enterobacteria, with higher 

concentrations in the +FeMNP group versus the 

−FeMNP group. There was a significant treatment effect 

on the sum of the pathogenic E. coli at the endpoint, with 

higher concentrations in those who received iron-

fortified MNPs. They concluded that the provision of 

iron-containing MNPs to weaning infants adversely 

affects the gut microbiome, increasing pathogen 

abundance, and they also reported increased fecal 

calprotectin, as well as increased rates of diarrhea among 

the +FeMNPs groups.6 However, there were no 

significant correlations of fecal calprotectin with the 

overall gut microbiome composition assessed by 

pyrosequencing. The results of our study, at first glance, 

may seem conflicting. However, the increase in fecal 

calprotectin through iron fortification shown in the 

Kenyan study was significant in infants who were iron-

sufficient at baseline, not in infants with iron deficiency, 

like the participants in our study. 

A wide range in fecal calprotectin concentration was 

noted among our patients, decreasing the power of the 

study. Calprotectin is derived predominantly from 

neutrophils, where it accounts for about 60% of the 

cytosolic protein, with a lesser contribution from 

monocytes and macrophages.24 Fecal calprotectin 

correlates with the number of neutrophils present in the 

intestinal lumen and thus allows the detection of an acute 

gastrointestinal inflammatory response. Moreover, it can 

be retrieved non-invasively, is inexpensive, and remains 
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stable at room temperature in the stools for at least three 

days.25 However, concentrations in the feces of healthy 

infants are much higher than those observed in children 

older than 4 years.26 Moreover, there are a lot of potential 

factors that can modify fecal calprotectin, such as viral 

or bacterial gastrointestinal infections, which are 

relatively common in children, or the use of drugs such 

as NSAIDs.25,27 Considering the above, the wide range of 

fecal calprotectin levels observed in our study may not 

be surprising. 

Our study has some limitations. First, the doses of the 

two oral iron preparations used may not have been 

equivalent, although we used the best published and 

available evidence for choosing equivalent doses. 

Second, the sample size of our study was relatively small, 

possibly affecting some outcomes, such as the frequency 

of gastrointestinal side effects. To this extent, larger 

studies are needed to conclusively assess the safety 

profile of SI in comparison to IPC and other oral iron 

products. Finally, the collection of data on 

gastrointestinal side effects was based on parental reports 

alone, which may have been biased. 

 

Conclusions. IDA remains a major public health 

problem with high prevalence in children. Oral iron 

therapy in children with IDWA or IDA does not seem to 

induce intestinal inflammation, as assessed by fecal 

calprotectin, and therefore, it should be used without 

delay. Several oral iron products are available, but 

formulation, dosage, and duration of treatment are 

mainly empirical. SI is a relatively new oral iron 

preparation that appears to be a safe and effective 

alternative to IPC. Large and well-designed clinical trials 

are needed to establish specific evidence-based 

guidelines for the treatment of IDWA and IDA in 

pediatric patients. 
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