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ABSTRACT

Objective: This study aimed to assess the efficacy of different oral iron preparations prescribed for prevention of iron deficiency
anemiain healthy infants.

M ethods: This retrospective study enrolled infants aged between 6 and 12 months who were initiated on iron prophylaxis at four
monthsof age. Enrolled children consistently used specificiron preparations (ferrous, ferric or liposomal iron) and had their complete
blood counts and serum ferritin level s assessed within the 6-12 month timeframe. Blood values and iron prophylaxis type (ferrous
(Fe*?), ferric (Fe™), liposomal iron) were recorded. Chi-square test was used to compare the hemoglobin and ferritin levels levels
between groups. Univariate and multivariate regression anal yses assessed the risk of anemia.

Results: The study included 371 children (ferrous sulphate - 60, iron hydroxide-polymaltose complex - 137 and liposomal ferric
pyrophosphate- 174) with amean (SD) age 9.1 (1.3) mo. Iron deficiency in different groupswere: liposomal iron (46.0%), ferriciron
(44.5%), and ferrousiron (5.0%). Mean (SD) serum ferritin levels (ug/L) were higher in the ferrous group [30.1 (10.8)] compared to
infants receiving ferric [17.6 (14.50)] and liposomal iron [15.4 (12.1)] (P < 0.001). Mean (SD) hemoglobin levels (g/dL) were
significantly higher inthe ferrous group [12.4 (0.8)] compared to ferric [11.9 (1.1)] and liposomal iron group [12.0 (1.1)]; P =0.008.
Multipleregression analysis showed that ferrous group was associated with alower risk of iron deficiency [OR (95% CI) 0.04 (0.01-
0.15), P<0.001].

Conclusion: Ferrousiron demonstrated superior efficacy compared to ferric and liposomal iron. Further studiesare needed to establish
alternativeiron preprationsin children.
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INTRODUCTION

Iron deficiency anemia (IDA) is a significant health
concern affecting a considerable number of children
worldwide particularly between the age of 4 and 23
months[1].

iron deficiency in infants aged 4-12 months [4]. Iron
preparationswereinitially provided in aferrousform that
wasreplaced with aferricform over thelast elevenyearsto
overcomethe short supply. However, concernsof efficacy
and associated side effects persist [5,6]. Ferric iron is
generally better tolerated with reduced gastrointestinal

Breast milk offers excellent nutrition to meet the  side effects [7,8]. In response to challenges in adminis-

infants' iron needs for the first 4-6 months but does not
suffice, asthey grow. Theintroduction of iron-rich foods
during complementary feeding by 6 months becomes
important [2,3]. In Turkey, the Ministry of Health has
instituted aNational Health Program since 2004 targeting
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tering traditional iron preparations, alternative optionslike
liposomal iron products have emerged [9,10]. Liposomal
iron, composed of iron salts within a phospholipid
membrane, shieldsiron from gastric acid damage and aids
its passage to the small intestine. This facilitates iron
absorption by M cellsin the intestine, to be taken up by
macrophages through endocytosis and transported intact
to hepatocytes via the lymphatic system. This protective
mechanism ensuresiron stability, preventing degradation
or inactivation in the stomach, and diminishes gastro-
intestinal sideeffects.
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Addressingiron deficiency and anemiaininfantsinthe
initial two years is pivotal for ensuring their optimal
growth and development. However, there is limited
evidence on the comparison of traditional and newer iron
products used for prophylaxisininfants. Theprimary aim
of this study wasto compare the effectiveness of ferrous,
ferric, andliposomal iron supplementsiniron prophylaxis
in healthy infants aged 6-12 months who were initiated
iron prophylaxisstarting at four months of age.

METHODS

This retrospective study was conducted at Baskent
University Hospital and Ankara Bilkent City Hospital,
focused on patients who attended the general pediatric
clinic for well-child visit. The study received ethical
approval fromtherespectivehospitals' ethicscommittees.

Healthy infantsdelivered at term gestation (gestational
age > 37 weeks) aged 6-12 months who had undergone
routine blood tests between 6-12 months of age were
eligiblefor enrolment. Weincluded infantswho had been
initiated on one of three oral iron preparations (ferrous
sulphate, iron hydroxide-polymaltose complex, liposomal
ferric pyrophosphate) at 4 months and had received
regular iron prophylaxis, and for whom records of hospital
visits including information about laboratory tests and
specificiron preparations prescribed were available. Iron
was precribed in adose of 1 mg/kg/day of elemental iron
for all the three drug formulations. Infants who had
symptoms of infection at thetime of thevisit, or had raised
levels of C-reactive protein (CRP) (> 5 mg/L) or
leukocytosiswereexcluded. Infantswith aprior diagnosis
of iron deficiency anemia (IDA) and/or chronic diseases
werefurther excluded fromthe study.

The demographic information (age, gender, feeding
patterns, medical history) and laboratory investigations
like hemoglobin (Hb) levels, serum ferritin, hematocrit
(Hct), red blood cell distribution width (RDW), and mean
corpuscular volume (MCV) were obtained from records.
Pediatric phlebotomists at Baskent University Hospital
and AnkaraBilkent City Hospital collected venous blood
samplesfrom patientsfor hemogram and ferritin analysis.
The hemogram samples were drawn into EDTA-
containing vacutai ner tubes and analyzed using theAlinity
HQ autoanalyzer at Baskent University Hospital, and the
ADVIA 2120 Hematology System at AnkaraBilkent City
Hospital. Serum ferritin levels were measured using the
Alinity | Ferritin analyzer at Baskent University Hospital
and with the Cobas-e 601 analyzer at AnkaraBilkent City
Hospital.

Iron deficiency and iron deficiency anemia were
determined using criteria laid by the World Health
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Organization (WHO) [11,12]. Iron deficiency wasdefined
asferritin concentrations below 12 pg/L. Iron-deficiency
anemiawasidentified by both hemoglobinlevelsbelow 11
g/dL and ferritin concentrations below 12 pg/L. Infants
were categorized as exclusively breastfed, breastfed with
formula supplementation, or solely formula-fed to assess
thenutritiona statusinthefirst 6 months.

The study utilized the growth curve references for
Turkish children to analyze weight and height data[13].
The participant data was categorized into specific
percentiles, ranging from below the 3rd percentile to
above the 97th percentile. Regression analysis was
conducted to determine whether children’s weight and
height fell within the norma range (3rd and 97th
percentiles) based on thetype of iron preparations used.

Satistical Analysis: Datawereanalyzed using IBM SPSS
software package version 20.0 (IBM Corp). Descriptive
statistics, such as means, standard deviations, and
frequencies were calculated for the study variables.
Normal distribution of the variableswaschecked using the
Kolmogorov-Smirnov test. Categorical variables were
compared between groups using the Chi squaretest, andin
cases where more than 20% of the cells had an expected
count of less than 5, Fisher’s exact test or Monte-Carlo
correction was employed. ANOVA test was utilized for
comparing more than two groups with normally distri-
buted quantitative variables, whilethe Kruskal-Wallistest
was applied for comparing groups with non-normally
distributed quantitative variables. Fisher's Least
Significant Difference (L SD) wasused asapost-hoctest to
determine the group that created the difference. Multiple
logistic regression analysis was conducted to investigate
the risk factors for iron deficiency anemia. Results were
deemed doatistically significant if they reached a
confidence level of 95% with a significance level of <
0.05.

RESULTS

The review of records identified a total of 493 children
eigiblefor enrolment. After excluding children asper the
criteria, a final sample consisted 196 boys out of 371
children with mean (SD) aged 9 (1) monthswere enrolled
(Fig. 1) . Themean (SD) duration of iron consumption was
5 (2) months. A total of 174 (46.9%) children used
liposomal iron, 137 (36.9%) used ferric, and 60 (16.2%)
used ferrousironfor prophylaxis.

Table | presents the descriptive data of the children.
Among 371 infants, 35 (9.5%) had iron deficiency anemia
and 143 (38.5%) had iron deficiency. 193 (52.0%) infants
had normal iron parameters.

Table Il provides a comparison of participant
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Blood sampl e checked after 12 mo age (n=38)
Not onregular prophylaxis(n = 28)
Chronicillness(n=27)
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Missing records (n=19)

(n=

Healthy terminfantson regular iron prophylaxisincluded

371)

|}

i

Ferriciron
(n=137)
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(n=

Liposomal iron
(n=174)

60)

Fig. 1 Enrolment of study participants

characteristics and blood parameters based on the type of
iron prophylaxisutilized. The age and gender distribution
was similar (P > 0.05). Infantswho received ferrousiron
had lowest rate of iron deficiency anemiawith similar rate
between ferric iron and liposomal iron use; P = 0.019 on
analyzing iron deficiency and iron deficiency anemiain
relation to weight, height percentiles, and feeding practices
of the infants did not yield any statistically significant
differences (P > 0.05). A significant difference was noted
between the groups for both values (P = 0.001 and P =
0.008). Fisher's Least Significant Difference (LSD) was
used as a post hoc test to determine the group that created
the difference, and it was revealed that only the ferrous
group showed significant differencesin terms of anemia
andferritinlevelscompared to the other groups (P < 0.05).

Table 111 shows the outcomes of univariate logistic
regression of risk factors for iron deficiency wherein
ferrous and liposomal iron preparations seemed to offer
significant benifit in reducing risk for iron deficiency. In
the multivariate analysis, the risk of developing iron
deficiency was significantly lesser with use of ferrous
formulation [OR (95% CI) 0.04 (0.01 - 0.15, P < 0.001]
but not with liposomal iron[1.26 (0.80-1.97; P=0.319].

DISCUSSION

This study compared the efficacy of diverse iron
preparations (ferrous, ferric, and liposomal) for iron
prophylaxisin healthy infants. A higher prevalenceof iron
deficiency and iron deficiency anemia among children
receiving prophylaxis with liposomal and ferric iron
preparations in contrast to those on ferrous iron was
reported.
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The WHO highlights the prevalence of anemia in
children aged 6 to 59 months as 40% worldwide [14]. In
our study, focusing on infants regularly using iron
supplementation, 38.5% exhibited iron deficiency, while
9.5% experiencediron deficiency anemia. It'sessential to
recognize that our research, conducted in tertiary care
hospitals, reflectsthe specific patient demographic within
that context. Yalgyn et a intheir nationwide study reported
a 7.3% overall prevalence of anemia, with 68.8% of
children receiving preventive ferrous iron supplemen-
tation[15]. Ancther study illustrated that 30.3% of infants
faced iron deficiency, with 20.2% progressing to iron
deficiency anemia. Notably, around 63% of their parti-
cipantsregularly utilized ferriciron prophylaxis[16]. The
present study reported iron deficiency and iron deficiency
anemia in a significant proportion of children on iron
prophylaxis, similar to theforementioned studiesthat used
ferrousor ferric iron prophylaxis[15,16]. These findings
emphasizethe urgent need to eval uate the effectiveness of
variousinfant iron preparations.

A comprehensive review of studies on prevention of
micronutrient deficienciesin children undersfiveyearsof
age in low- and middle-income countries (LMICs)
identified effective strategies like use of iron aone, iron-
folic acid supplementation, multiple micronutrient supple-
mentation, micronutrient powders, targeted fortification,
andlarge-scalefortification [17]. Organizations, both from
high-income countires and LMICs, recommend routine
screening of infants for iron deficiency anemia at 9-12
monthsof age[18,19].

In the present study, infants receiving ferrous iron
demonstrated higher hemoglobin values compared to
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Tablel Descriptive Dataof Enrolled Children (n =371)

Variables Value
Feeding
Breastfeeding 264 (71.2)
Breast feeding+ Formula 87(23.5)
Formula 20(5.4)
Weight percentile
< 3percentile 6(1.6)
3-10 percentile 14(3.8)
10-90 percentile 321 (86.5)
90-97 percentile 24 (6.5)
> 97 percentile 6(1.6)
Height percentile n(%)
< 3percentile 6(1.6)
3-10 percentile 12(3.2)
10-90 percentile 327 (88.2)
90-97 percentile 22(5.9)
> 97 percentile 4(1.1)
Labotary findings?
Hb (mg/dL) 12.0(1.1)
Ferritin (ug/L) 18.7 (13.8)
Hemoctrit (%) 36.1(2.9)
RDW (%) 13.9(2.5)
MCV (fL) 76 (6.0)
Prophylacticiron supplementation
Ferric 137 (36.9)
Ferrous 60 (16.2)
Liposomal iron 174 (46.9)
Iron status
Irondeficiency 143 (38.5)
Iron deficiency anemia 35(9.5)
Normal 193.5(52)

Datais presented as n(%) and 2mean (D).
Hb Hemoglobin, MCV Mean corpuscular volume, RDW Red blood
cell distribution width

other groups, as reported earlier [20]. A meta-analysis of
eight studies, emphasized the superiority of ferrousiron
over iron polymaltose complex inincreasing hemoglobin
and ferritin levels for treating iron deficiency anemiain
children [21]. In recent years, the benefits of liposomal
ironin patientswith gastrointestinal issuesand intolerance
to standard iron treatments have been evaluated [22].
Infants on liposomal iron had a higher risk of iron
deficiency than theferrousiron group in thisstudy. A few
studies suggest similar efficacy and safety of liposomal
iron as intravenous iron in treating anemia in chronic
kidney disease [23], and chemotherapy-related anemia
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[20]. Another study on childrenwithiron deficiency (aged
3 months to 12 years) found lower hemoglobin levelsin
liposomal iron recipients at two weeks compared to
ferrousgluconate/sulfate[24]. The present study found no
significant differences in weight and height percentile
based on iron deficiency or anemia. However proportion
of children categorized for weight and height were
different as per iron prophylaxis methods. Most of the
infantswho consumed ferrousiron had weight and height,
within the 10th to 90th percentiles suggesting a positive
impact on growth. Anemic infants had lower weight-for-
agez-scoresinan earlier study, suggesting factorsbeyond
iron deficiency that can affect growth [15]. Theimpact of
irononfinal length and weight remainsuncertain.

Themajority of infantswere exclusively breastfed for
theinitial 6 monthsin this study. However, no significant
association was detected between feeding patterns and
iron deficiency or anemia. A separate study highlighted a
higher prevalence of anemiaamong infants breastfed for
less than 6 months, emphasizing the importance of iron
supplementation not only during pregnancy but also
initiating oral iron at 4-6 months' agefor infants[25]. Our
results emphasize the need for enhanced counseling,
breastfeeding support, and professional training to combat
anemia.

The present study had a few limitations. The
retrospective approach limited access to data on iron
content of children’s diets, and ensuring compliance,
potentially confounding theresults. Theresultswerebased
on data from two hospitals, which might limit generali-
zability. To ensure robustness, future studies should
involve diverse populations and settings. Another
limitation was unequal group distribution asthe number of
infantsutilizing ferrousformulation was smaller compared
to the other two groups. It is essential to conduct more
extensive prospective studiesto address these limitations
and obtain amore comprehensive understanding of factors
that determineironintake, sideeffectsassociated withiron
supplementation, and relevant outcomes.

Theresult of thisstudy unequivocally supportsferrous
iron’ssafety for infant prophylaxis. Giventhecrucial role
of ironintheinitial two years of growth, itisvital to start
iron prophylaxis. Future studies should explore the
efficacy and safety of iron formulations in infants on
traditional iron supplements. Rigoroustrials are essential
for a better understanding of efficacy and safety of
liposomal in this patient group.

Contributors: BOK, NYO: Concept and study design, data
collection, analysis and interpretation, manuscript drafting and
revision; DK: Concept and study design, data collection. All
authorsapproved the final manuscript as submitted.
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Tablell Comparison of Clinical and L abor atory ProfileBased on | ron Supplementation

Iron Supplementation(n=371)

Fe3* (n=137) Fe?* (n=60) Liposomaliron(n=174)  Pvalues
Age? (mo) 9.1(1.3) 9.4(1.3) 9.2(1.3) 0.079
Gender
Femae 56 (40.9) 30(50.0) 89(51.1) 0.178
Mae 81(59.1) 30(50.0) 85(48.9)
Feeding
Breastfeeding 82(59.9) 48 (80.0) 134 (77.0) 0.006°
Breast feeding+ Formula 45 (32.8) 11(18.3) 31(17.8)
Formula 10(7.3) 1(1.7) 9(5.2)
Weight percentile
<3 1(0.7) - 5(2.9) 0.037°
3-10 7(5.1) - 7(4.0)
10-90 120 (87.6) 58 (96.7) 143 (82.1)
90-97 8(5.8) 2(33) 14 (8.0)
>97 1(0.7) - 5(2.9)
Height percentile
<3 1(0.7) - 5(2.9) 0.022°
3-10 4(0.7) - 8(4.6)
10-90 124 (90.5) 58 (96.6) 145 (83.2)
90-97 7(5.1) 2(3.3) 13(7.5)
>97 1(0.7) - 3(1.7)
Ferritin status
<12 ug/L (n=178) 75 (48.9) 3(3.3) 100 (54.6) <0.001P
>12pg/L (n=193) 62 (51.1) 57 (96.7) 74 (45.4)
Anemia
Hb<11mg/dL (n=35) 14(10.2) - 21(12.1) 0.019°
Hb>11 mg/dL (n=336) 123 (89.8) 60 (100) 153 (87.9)
Iron status
Iron deficiency anemia(n=35) 14(10.2) - 21(12.1) <0.001P
Irondeficiency (n=143) 61 (44.5) 3(5.0) 79 (46.0)
Normal (n=193) 62 (45.3) 57 (95.0) 74(41.9)
Serumferritin (ng/mL)2 17.6 (14.5) 30.1(10.8) 15.4(12.1) <0.001
Hemoglobin (g/dL)2 11.9(1.1) 12.4(0.8) 12.0(1.2) 0.008
Mean corpuscular volume (fL)2 75.9(5.5) 77.2(4.5) 75.7 (5.9) 0.184
Red Cell distribution width (%)2 13.9(2.2) 13.3(2.1) 13.8(2.8) 0.227

Data expressed asn (%) or 2mean (SD)
bggnificantly different for ferrous group compared to ferric and liposomal iron groups. Fe3* Ferric iron, Fe?* Ferrousiron

Ethics clearance: Institutional Ethics Committee, No. KA23/ 3. Dreyfuss ML, Green M, Hadihardjono DN, et al.
305, dated Sep 11, 2023 Commercially produced complementary foodsin Bandung
City, Indonesia, are often reported to be iron fortified but
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WHAT THIS STUDY ADDS?

« lron deficiency anemia was seen in a small proportion of infants on iron prophylaxis.
* Ferrousiron was superior to liposomal iron or ferric iron in preventing iron deficiency.
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