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Background: Various therapeutic iron preparations are available in the market, which differ in their pharmacokinetic and safety profiles.
There is insufficient evidence regarding the superior safety or efficacy of one over the other.

Objectives: To study the effects of iron preparations on various parameters like hemoglobin, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH) and serum ferritin.

Study design: Asystematic review and meta-analysis of randomized controlled trials (RCT) was conducted from inception till 3 June, 2022.

Data sources and selection criteria: Databases like MEDLINE and COCHRANE were searched for RCTs evaluating the effects and safety
profile of various iron salts in the management of iron deficiency anemia in children and adolescents.

Main results: Eight studies with a total of 495 children were included the review. Pooled analysis showed ferrous sulphate to cause a signifi-
cant increase in hemoglobin compared with other iron compounds [mean difference (95% CI) 0.53 (0.22 to 0.83; P <0.001]. Also ferrous
sulphate is superior to iron polymaltose complex (IPC) (P<0.001). However, there was a significant increase in gastrointestinal adverse ef-
fects with ferrous sulphate compared to IPC (P=0.03). Other iron compounds were more efficacious than IPC in raising hemoglobin levels
(P<0.001). Among the few studies evaluating iron indices like MCV, MCH, and serum ferritin, there was no significant difference between the
iron preparations (P>0.05). Conclusions: Alow quality evidence suggests that ferrous sulphate is more efficacious than other compounds
(P<0.001); though, there is an increase in gastrointestinal side effects with ferrous sulphate.
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Protocol registration: PROSPERO: CRD 42022336988

utritional deficiency of iron is common in the

population because most naturally occurring

ironisin Ferric form which is poorly absorbed

from the diet [1]. As per World Health Organi-
zation (WHO) estimates, theglobal preval enceof anemiain
children aged 6-59 monthsis39.8%intheyear 2019[2], and
according to the National Family Hedth Survey 5, the
prevalence of anemia in India during the year 2019 was
53.4%[3].

Ironisnot only important for hemoglobin synthesis but
also for avariety of enzyme systems. Therefore iron defi-
ciency producesanemiaaswell asother symptomslikeorgan
and tissue dysfunction, impaired immunity, fatigability,
decreased cognitive capabilitiesand poor weight gain[1,4].

Iron supplementation isone of the key strategiesfor the
treatment of iron deficiency anemia(IDA). Most iron sdts
used for treatment of iron deficiency exist in ferrous form
whichiseasly bioavailable. After supplementation, it takes
around 24 hoursto replace intracellular enzymes, followed
by increase in hemoglobin over a month. Replenishing of
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iron storestakesonetothreemonthtime[5]. Variousiron salt
preparations are available including ferrous sulphate, iron
polymatose complex (IPC), iron bisglycinate chelate,
ferrous ascorbate, colloidal iron, iron-zinc and lactoferrin
100. There isinsufficient evidence regarding the superior
safety or efficacy of oneover theother.

This systematic review was undertaken with the objec-
tive of comparing various iron compounds with ferrous
sulphate and | PC, and to correlatewith hematol ogic indices
including hemoglobin, means corpuscular hemoglobin
(MCH), mean corpuscular volume (MCV) and serum
ferritin.

METHODS

This systematic review and meta-analysis was conducted
and is being reported according to the Preferred Reporting
Itemsfor Systematic Reviewsand MetaAnalyses(PRISMA)
[6]. The protocol was registered in the Internationa
Prospective Register of Systematic Reviews(PROSPERO)
database prior to commencement of the study.
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Search eigibility: Randomized controlled trid sfromincep-
tiontill 3 June, 2022, comparing theefficacy of differentiron
preparationsin children aged between 6 monthsand 15 years
of age, diagnosed to havel DA, based on hemoglobinvalues,
wereincluded inthereview. The primary outcome measure
was the effect on hemoglobin, and secondary outcomes
include serumferritin, changesin hemoglobin, MCV, MCH
and gastrointestinal adverseeffects.

Search strategy: The authors independently conducted
searches of medical databases namely MEDLINE and
COCHRANE center register of controlledtrialspublishedin
English language. The electronic search strategy included a
combination of keywords along with their representative
Medical Subject Headings (MeSH). The details of search
strategy areprovided asWeb Box 1.

Data extraction: Two authors independently searched the
data using a pre-designed form. Disagreement, if any, was
resolved by athird author. Detail sof study including author,
place and year of study and characteristics of infants were
included.

Quality assessment; Quality of studies was assessed inde-
pendently by authors for each study using the risk of bias
(RoB) criteria outlined in the Cochrane handbook for
systematic review of intervention inthe domainsof random
sequence generation, allocation concealment, blinding of
participant and personnel, blinding of outcome assessment,
incompl ete outcome data, and selectivereporting of results.

Satigtical analysis Statistical analysis was done using
Review Manager version 5.4 (The Cochrane Collaboration,
2020). Outcome variables were noted as mean differences
with 95% CI for continuous data. For dichotomous data,
outcomevariableswerenoted asrisk ratio (RR) with95% Cl.
When hemoglobin and other iron parameterswere measured
at different time points after starting therapy, those values
obtained at thelongest follow-up of each study wereincluded
in the analysis. Results were pooled using either fixed or
random effects model based on heterogeneity. Between
studiesheterogeneity was assessed with achi-squaretest and
the |2 statistic. A P value of <0.1 for the chi-square statistic
indicated significant heterogeneity. Sensitivity analysiswas
doneafter excluding other studiescomparing ferroussul phate
with other iron preparations excepting | PC, which revealed
no heterogeneity after exclusion. Quality of evidence was
assessed by Grading of recommendeations, Development and
Evduation (GRADE) approach [7] to assess the quality of
evidenceusing GRADE proGDT todl.

RESULTS

Using the search strategies mentioned, 1878 records from
two databases COCHRANE and MEDLINE wereidentified
and screened for digibility. Of these, 15 studieswerefound
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tobedigible, but after exclusions, eight studieswith atota of
495 children wereincluded inthereview (Fig. 1). The age
group of children ranged from 6 monthsto 17 years. The
dosageof iron used ranged from 3mg/kg/day to 6 mg/kg/day.
Ferrous sulphate was compared with IPC in four of the
studies. The other comparisons included iron bisglycinate
chelate and IPC, ferrous sulphate and iron bisglycinate
chelate, ferrous ascorbate and colloida iron, and IPC and
ferrousascorbate. Risein hemoglobinwasthefina outcome
evaluated in al the studies, whereas serum ferritin, MCV,
MCH and hematocrit werethe secondary outcomesevalua
ted. The duration of iron therapy ranged from 28 daysto 3
months. Adverse effectswere evaluated in three studies [ 8-
10] (Tablel).

Two of the studies [10,11] had high risk of bias dueto
improper randomization (Fig 2 and 3). In one study [10],
randomi zation wasatered on aweekly basis, whereasinthe
other study [11], children were randomized to treatment
groupsinaconsecutivefashion. Pineda, et a. [ 12] had some
concernsduetoimproper randomization and deviationfrom
intended interventions. Other five studies had low risk of
bias. Though blinding of participants and people delivering
interventions was done in only two studies [9,13], al the
included studies had low risk of performance bias. Also, an
appropriateandysis(Intentiontotreat analysis) wasusedin
al the studies. In summary, 25% of studieshad high risk of
bias, whereas 12.5% had some concernsof risk of bias.

Outcomedatawereavailablefor nearly al participantsin
fivestudies[8,10,12-14]. Though therewassignificant loss
tofollow-up at theend of thetreatment periodin threestudies
[9,11,15], theresult was not biased by the missing outcome
data and the loss to follow-up could not be attributed to

Records identified through

database search (n=1878)
J

Recordsscreened —
(n=1878) 4{ Recordsexcluded (n=1863) ‘

l

Studies assessesd for Studiesexcluded with

eligibility (n=15) reasons(n=7)

L 3-prophylacticirontherapy

1-Non-Englishlanguage
1-full text not available

1- weekly irontherapy
1-only ferritinlevelschecked

Studiesincludedin
quditativesynthesis
(n=8)

1
Studiesincludedin
quantitativesynthesis
(meta-andlysis) (n=8)

| Included | |Eligibility| |Screening| |Identification|

Fig. 1PRISMA flow diagram.
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Fig.2 Risk of biasintheincluded studies.

Study ID

+R
I~
]

Powers et al + + +
Name JJ < + + + +
Yasa et al . + + + +
Patil et al + + L + +
Pineda et al 1 + + + +
Yewale et al + + < + +
Bopche et al + + + + +

‘ + + + +

Ozsurekci et al

o
<
o
°
2

@ + Low risk
@ ! Some concerns
‘ . High risk
®
@ D1 Randomisation process
@ D2 Deviations from the intended interventions
‘ D3 Missing outcome data
’ D4 Measurement of the outcome
D5 Selection of the reported result

Fig. 3Risk of biassummary for included studies, showing authors’ judgements about each risk of biasitem for each included study.

decreased efficacy or significant side effects of the inter-
ventions. None of the studies had bias due to selective

reporting.

The pooled effect size of the five studies [8-12]
comparing ferrous sulphate with other iron compounds
showed that ferrous sul phate caused astatistically significant
increase in the mean hemoglobin when compared to other
iron compounds [mean difference (95% Cl) 0.53 (0.22-
0.83); P<0.001] (Fig.4). The pooled effect sizes of the six
studies [8-11,13,15] comparing |PC with other iron com-
pound showed that other iron compounds causeasignificant
increase in hemoglobin compared with IPC[MD (95% Cl)
-0.70(-0.99t0-0.41); P<0.001] (Fig.4). Senditivity analysis
wasdonedueto differencein comparators. Infour sudies[8-
11] comparing ferrous sulphate with 1PC, ferrous sulphate
caused a statistically significant increase in hemoglobin
compared to other IPC [MD (95% ClI) 0.68 (0.5-0.86);
P<0.001]. Intwo studies comparing ferrous ascorbate with
other iron compounds, ferrousascorbate caused asignificant
increase in hemoglobin compared with other iron com-
pounds[MD (95% Cl) 1.45 (1.00-1.91); P<0.001].

Regarding the outcome of change in hemoglobin from
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basdline, threestudies[10,12,15] evaluated thisoutcome. In
two of thesestudies[10,12] comparing ferrous sulphatewith
other iron compounds, the change in hemoglobin was not
statistically significant [MD (95% Cl) 0.15 (-0.41to0 0.72);
P=0.60]. In studies[10,15] comparing IPC with other iron
compounds, there was a datistically significant change in
hemoglobin in the other iron compound group [MD (95%
Cl)-1.27 (-1.68t0-0.85); P<0.001].

In two studies evaluating MCH [10,13], comparison of
IPC with other iron compounds showed no significant
difference[MD (95%Cl) 0.11 (-0.43t00.65); P=0.68]. With
regard to MCV, two studies [10,13] comparing |PC with
other iron compounds, there was no significant change in
MCV [MD (95%Cl) -0.05(-1.37t0 1.28); P=0.94]. Dataon
serum ferritin was obtained in four studies [9,10,12,13]
including 222 children. In two studies [12,13] comparing
iron bisglycinate chelate with other iron compounds, the
changeinferritinlevel swerenot statisticaly significant [MD
(95%Cl) 3.47 (-0.51t0 7.45); P=0.09].

Gastrointestinal side effects were significantly morein
ferrous sulphate[OR (95% CI) 1.86 (1.06 to 3.26); P=0.03)
comparedwith IPC[8-10] (Fig.4).
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Ferrous sulphate versus Other Iron Compounds

Hemoglobin

Ferrous sulphate Other Iron compound

Mean Difference Mean Difference

Test for overall effect: Z = 3.36 (P = 0.0008)

Iron polymaltose complex versus other Iron preparations

Hemoglobin
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Fig. 4 Effect on hemoglobin levels of ferrous sulphate and iron polymaltose complex preparations vs other iron compounds for iron

deficiency anemiaininfantsand children.

DISCUSSION

Inthe present review, alow quality of evidence suggeststhat
ferroussul phate causesasignificant increasein hemoglobin
when compared to other iron compounds. Also, amoderate
qudity of evidence showed that other iron compounds are
better than IPC. Gastrointestinal side effects are dightly
morewith ferrous sulphatethan | PC.

Therearesevera limitationsregarding thecomparability
of studiesincluded inthereview. Thedosageof ironusedin
these studies ranged from 3-6 mg/kg/day. The duration of
therapy ranged from 28 days to 3 months. The age group
ranged from 6 monthsto 17 years. Blindingwasdoneonly in

three studies [9,12,13]. The qudity of evidence was low
regarding hemoglobin levels in trids comparing ferrous
sulphate with other iron compounds. While hemoglobin
levelswerereportedinall studies, other outcomeslikeMCV,
MCH, change in hemoglobin and serum ferritin were
reportedin only someof thestudies.

Inanesarlier review doneby Gera, etd. [16], it wasfound
that iron supplementation modestly improvesiron deficiency
anemiain children. In most of the studies included in this
review, different iron formulations were compared with
placebo. Inareview doneby Rodli, et al. [17], it was shown
that ferrous sulphate was superior to IPC. Also therewasno
significant difference in the side effects between the two

Ferrous sulphate versus Iron Polymaltose complex

Gastrointestinal side effects

Ferrous sulphate Iron polymaltose complex

Odds Ratio Odds Ratio

Heterogeneity: Chi* = 3.91, df = 2 (P = 0.14); I’ = 49%
Test for overall effect: Z= 2.17 (P = 0.03)

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bopche 2005 9 53 4 53 18.4% 2.51[0.72, 8.71]

Powers 2016 10 28 13 31 43.9% 0.77 [0.27, 2.20]

Yasa 2009 26 51 14 52 37.7% 2.82[1.24,6.43] ——
Total (95% CI) 132 136 100.0%  1.86 [1.06, 3.26] 3
Total events 45 31

4 L

0.01 0.1 1 10
Favours [Ferrous sulphat] Favours [IPC]

100

Fig 5. Gastrointestinal side effectsof ferrous sul phate vsiron polymaltose computer for iron deficiency anemiaininfantsand children.
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preparations. Inaniron supplementationtria inpretermand
low birthweight infants[18], it wasfound that therewereno
beneficial effects in the short term, but resulted in an
improvement in iron status and iron deficiency. In another
meta-analysisdoneby Low, etal.[19], itwasfoundthat iron
supplementation safely improves hematologic and non-
hematol ogic parametersin primary school aged childrenin
low- and middle-income countries. It was aso found that
ferrous sulphate, when compared to placebo, improves
global cognitive performance.

Inanoverview of reviewsdoneby Mithra, et a. [20], it
was found that in pre-school children, iron with multiple
micronutrients (MMN) fortification significantly reduced
the risk of anemia (by 55%), whereas, in school-aged
children (under 12 years of age), the same showed better
response (84% reduction in risk of anemia). Intwo reviews
[21,22], it was found that in infants, home fortification
(adding packets containing multiple micronutrients i.e.,
vitamins and minerals including iron with complementary
foods of children) was better than iron supplementation in
prevention of anemia. However, in anemic infants, medical
iron drops is better than home fortification alone. In older
childrenand adolescents (3.5to 18 years), daily ironwithor
without multivitaminsisbetter thanintermittentiron[23,24].
However, these reviews did not compare different iron
formulationsinthemanagement of anemia.

A review of anemic children in malaria endemic areas
[25] compared iron with placebo or other supplemental
nutrientslikemultivitamins, vitaminA, zinc, dbendazoleor
mebendazole. Thereview included many outcomemeasures
like clinical maaria, all-cause mortality, hospitdizations,
weight, anemia, including hemoglobin at the end of
treatment and change in hemoglobin with treatment. The
pooled analysis of 13 trias in the review found that iron
supplements (commonly ferrous sulphate) significantly
improved hemo-globin compared with placebo.
Importantly, al these studies, except one [26], did not
compare different iron preparations, which was a
prerequisite for our review and meta-analysis. Of these,
Zlotkin, et a. [27] was the only study which had four
treatment arms, of which two were different iron
preparations i.e, microencapsulated iron fumarate and
ferrous sulphate drops. But it was given as a supplement to
non-anemic children (presence of anemia defined by
hemoglobin levelsis a prerequisite in our review). In fact,
placebo group showed better responsethan ferrous sulphate
drops in these non-anemic children in the study. In other
studies, treatment arms included iron aong with other
supplementslikezinc [27], vitaminA [28], antihelminthic
agents[29,30], or multivitamins, micronutrients[31,32]. In
all of these studies, placebo wasoneof thetreatment groups.
Hencethesestudieswerenotincluded in our meta- analysis.
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In summary, a low quality of evidence suggests that
ferrous sulphate is superior to other iron compoundsin the
management of iron deficiency anemia in young infants,
children and adolescents. Moderate quality of evidence on
adverse effects suggests that there is dightly more adverse
effects with ferrous sulphate compared to I1PC. Further
research is needed to investigate the efficacy and safety of
other lessknown compoundslikeferrousgluconate, ferrous
fumarate, etc.
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