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BRIEF TITLE
Iron deficiency anemia, iron supplementation and genomic stability in infants.

BRIEF SUMMARY AND DETAILED DESCRIPTION

Iron deficiency is the most prevalent nutritional deficiency and the main cause of anemia. Globally, 43%
of pre-school children have anemia. In Argentina, the National Nutrition and Health Survey reported that
34.5% of children less than two years of age and 50.8% of 6 to 9-month-old infants were anemic.
Although daily iron supplementation is supported as a preventive strategy, adherence is low in our
country due to adverse effects and low prescription rates. Likewise, excess iron may cause genomic
instability and thereby structural and functional alterations in proteins, lipids and DNA. Such damage
may be permanent and lead to the development of neoplastic processes, diabetes and cardiovascular
disease. Weekly iron supplementation is proposed as an effective alternative for older children and
pregnant women, but evidence of such an effect in infants is scarce. The aim of this study is to compare
the effectiveness of weekly and daily (current prescription) iron supplementation to prevent anemia in
infants and to analyze its impact on genomic stability. We will perform a randomized, controlled clinical
trial in infants that attend IDIP’s Health Observatory for periodic health controls. Infants with exclusively
breastfeeding (EBF) will be randomized into three groups: daily and weekly iron supplementation and no
supplementation. Infants receiving both breastfeeding and infant formula i.e. mixed feeding (MF) will be
randomized into two groups: daily and weekly iron supplementation. We will study anemia, iron status
and genomic stability before supplementation (at 3 months) and at 6 months. Weekly iron
supplementation is expected to be more effective than daily supplementation for the prevention of infant
iron-deficiency anemia due to a higher adherence and a lower incidence of adverse effects. Further,
genomic stability is also expected to be lower. We expect that our results will allow to revise the current
supplementation schedules (start, frequency, dose, EBF) on scientific grounds and improve the economic
resources devoted to anemia prevention (lowering medication expenses).

TECHNICAL DESCRIPTION

Research problem and clinical-sanitary relevance

Iron deficiency (ID) is the most prevalent nutritional deficiency and the main cause of anemia worldwide
(WHO 2001), infants less than 2 years and pregnant women being the most vulnerable groups. Iron
deficiency anemia (IRA) may impact at early stages of life by causing growth retardation, lower cognitive
abilities, lethargy and poor attention (Clark 2008, Beard 2008, Carter 2010, Lozoff 2007). This public
health concern has stimulated the research for the development of alternative preventive solutions.

The overall prevalence of anemia among preschool children is 43% (Stevens 2013). In Argentina, the
National Nutrition and Health Survey (ENNyS by its Spanish acronym) reported that such prevalence was
34.5% in children less than 2 years of age and 50.8% in 6-9-month-old infants (ENNyS 2007). A study
performed at the Health Observatory of IDIP (La Plata Children’s Hospital) showed that one out of three
clinically healthy infants less than 6 months of age had anemia, regardless of their being exclusively
breastfed or receiving mixed feeding (MF) (lannicelli 2012). According to a survey performed with
clinical record data of the period 2013-2015, anemia affects more than half of infants that attend the
Health Observatory (unpublished data).

Iron supplementation is recommended as a priority strategy and has been endorsed by the World Health
Organization (WHO) when ID prevalence is high in a specific population. In our country, the Argentine
Pediatrics Society recommends daily ferrous sulfate supplementation in infants less than 4 months of age
receiving MF and from 6 months onwards in EBF (SAP 2009). Despite this recommendation and the free
supply of ferrous sulfate through the health program Remediar, adherence is low, mainly due to
gastrointestinal adverse effects, mothers” neglect and low rate of prescription by healthcare team
members (Christensen 2013, Bernztein 2008). Thus, since the nineties, weekly ferrous sulfate
supplementation has been proposed as an alternative preventive treatment for IDA. However, most
studies are focused on pregnant women and children older than 1 year (WHO 2011, De Regil 2011, Pefia-



Rosas, 2012), and evidence in infants is scarce (Yurdakov 2004).

Iron is involved in intracellular redox reactions, where reactive-oxygen species (ROS) are formed. As
iron is not easily eliminated from the body, it may adversely affect proteins, lipids and DNA. Such
damage may be permanent and increase the risk of developing neoplastic processes, diabetes and
cardiovascular and neurological diseases (Evans 2004, Liu 2009, Toxqui 2010). Furthermore, reports in
the literature suggest that the iron dose used for the treatment of anemia in children may affect genomic
stability (Aksu 2010). However, such effect has not been demonstrated in infants. The advantages of
weekly iron supplementation regarding adherence and the probably lower damage on the genome could
support the need of reconsidering the current IDA preventive guidelines on time and manner of
administration and further design health promotion and disease prevention policies.

Theoretical framework and empirical evidence

ID is the most prevalent nutritional deficiency and the main cause of anemia worldwide. Infants less than
2 years and pregnant women are among the most vulnerable groups. In developing countries, ID coexists
with other conditions such as protein-energy malnutrition, vitamin A and folic acid deficiency, and
infectious diseases (Olivares, 1999). In children, the most common cause of ID is an increased iron
requirement, which is related to higher growth development rates (Clark, 2008).

In 2009, the prevalence of anemia reported by the WHO was 47.4% in pre-school children (McLean,
2009). More recently, the global estimation of such prevalence was 43% (Stevens 2013). In Argentina,
the ENNyS reported that anemia affected 34.1% of infants between 6 and 23 months of age; this figure
was higher in households with unsatisfied basic needs (Duran, 2009).

Iron reserves in babies with normal gestational age and birth weight from well-nourished mothers and
delayed umbilical cord clamping (> 2 min) should be enough to meet iron requirements until 6 months of
age (Dewey, 2007). However, different studies report a high prevalence of anemia at early ages. In Latin
America, around 60% of infants less than 6 months have anemia: 71.4% in Bolivia, 63.5% in Honduras
and 59.4% in Peru (Lutter, 2008). Likewise, studies performed in other countries have also reported a
high prevalence of anemia in EBF infants (Yang, 2006; Torres, 2006; Marques, 2014). A study performed
in Argentina showed that the prevalence of anemia in EBF infants was comparable to that found in
formula-fed infants, affecting 28.9% of infants less than 6 months assisted at the public healthcare sector
(Ianicelli, 2012).

Iron-deficiency anemia (IDA) is a pathologic condition characterized by the shortage of iron for the
synthesis of iron-containing proteins and enzymes such as hemoglobin, myoglobin, cytochromes,
catalases and various peroxidases (Archer, 2015; Dallman, 1986). Besides the classical symptoms, other
non-hematological manifestations have been described, namely, decreased capacity for physical work and
spontaneous motor activity, impaired cell immunity and bactericidal capacity of neutrophils, decreased
thermogenesis, functional and histological impairment of the gastrointestinal tract,
defective mobilization of liver vitamin A, decreased growth development rate, behavioral, cognitive and
motor impairment, lower sensory, auditory and visual conduction velocity, and reduced muscle tone.
During brain development, ID causes the reduction of brain iron content, which is irreversible when
treatment is not timely (Algarin, 2003; Beard, 2003 y 2008; Carter, 2010; Lozoff, 2011).

At early life stages, IDA impacts strongly on public health. Therefore, research on alternative preventive
solutions has been encouraged. The WHO endorses the general agreement that infant and pregnant
women iron supplementation is a priority strategy when IDA prevalence in a particular group of
individuals is higher than 40% (WHO, 2001). In Argentina, the Argentine Pediatrics Society recommends
daily ferrous sulfate supplementation in infants less than 4 months of age receiving MF and from 6
months onwards in infants with EBF (SAP 2009). Despite ferrous sulfate is prescribed and freely supplied
through the health program Remediar, adherence is low due to gastrointestinal adverse effects, mothers”
neglect and low rate of prescription by healthcare team members (Christensen 2013, Bernztein 2008).

On the other hand, it has been pointed out that daily oral iron supplementation reduces iron absorption a
few days after treatment initiation, whereas intermittent doses maximize absorption because iron



provision is concomitant with intestinal cell turnover (Anderson 2005; Frazer 2003a; Frazer 2003b). It is
postulated that daily iron doses saturate the transport mechanisms, and that this correlates with intolerance
symptoms, whilst weekly doses optimize absorption through transport mechanisms, decreasing
intolerance symptoms (Viteri 1997, Srigiridhar 2001). On this basis, weekly iron supplementation is
proposed as an effective IDA preventive alternative for older children and pregnant women (WHO 2011,
De Regil 2011, Pefia- Rosas 2012). Although different studies report the use of weekly iron
supplementation, age-groups are dissimilar and include anemic patients; therefore, treatment instead of
prophylactic doses are used (Coutinho 2008, Lima 2006). Meanwhile, evidence of weekly preventive
supplementation in infants less than 6 months is scarce (Yurdakov 2004).

Finally, micronutrient deficiencies and excess may cause genomic damage, which could be in the same
range of magnitude, or even higher, than genomic damage caused by exposure to high doses of
environmental genotoxic agents such as carcinogenic agents, ultraviolet radiation and ionizing radiation
(Fenech, 2010). Furthermore, since iron is not easily eliminated from the body and participates in the cell
redox reactions, where ROS generate through Fenton reactions, increased iron concentrations could
damage proteins, lipids and DNA permanently, causing structural and functional impairments. High
plasma iron concentrations may amplify the effect of free radicals (Aksu, 2010); although cells have
developed different mechanisms to reduce iron toxicity, including the regulation of iron transport through
cell membranes and the production of ROS-eliminating enzymes. An imbalance of these systems caused
by excess iron could increase oxidative damage susceptibility that could cause an increase in the mutation
rate. These could increase the risk of developing neoplastic processes, diabetes and cardiovascular and
neurological disease (Evans, 2004; Liu, 2009; Toxqui, 2010).

The effect of treatment with iron on DNA oxidation has been investigated in children with IDA,
observing a significant increase of DNA strand breaks and baseline oxidative DNA damage as compared
with children not receiving treatment (Aksu, 2010). However, we have not found evidence in the
literature about the effect of preventive doses of iron supplementation on DNA. Therefore, we propose to
compare the effectiveness of weekly and daily supplementation for the prevention of anemia in infants
less than six months of life and to analyze their impact on genomic stability.

Objectives

General: To compare the effectiveness of weekly and daily iron supplementation for the prevention of
anemia in infants.

Specific: To compare:

- To compare the effectiveness of weekly, daily and no iron supplementation at six months of age in EBF
infants.

- To compare the effectiveness of weekly and daily iron supplementation in six-month-old infants
receiving MF.

- To compare the incidence of adverse effects for weekly and daily iron supplementation at six months of
age.

- To compare the adherence to treatment of weekly and daily iron supplementation at six months of age.

- To compare the concentration of oxidative stress biomarkers for both types of iron supplementation.

- To compare the genomic damage in both types of iron supplementation.

Study hypothesis

Weekly ferrous sulfate supplementation will be more effective in the prevention of IDA in infants than
daily supplementation due to a higher adherence and a lower incidence of adverse effects. Weekly iron
supplementation will cause less genomic instability as compared with daily iron supplementation.

Study design



Randomized controlled clinical trial.

Study sample

Eligibility

Infants performing monthly health controls at the Pediatric Health Observatory of IDIP, La Plata
Children’s Hospital, from birth to six months of age will be included in the study.

Inclusion, exclusion and elimination criteria

Inclusion criteria: Three-month-old clinically healthy breastfeeding infants with birth age > 37 weeks,
birth weight between 2500 and 4000 g, a normal fetal and neonatal history, that attend IDIP’s Health
Observatory and whose parents/guardians express the will to participate in the study and sign a written
informed consent form.

Exclusion criteria: Anemic and/or iron deficient infants or with chronic diseases or acute infections or
under antibiotic/vitamin treatment within 15 days prior to the study.
Elimination criteria: infants with severe intolerance to iron preventive supplementation, who will receive

the alternative preventive treatment with ferrous fumarate or iron polymaltose complex).
Unit of analysis: Three to six month-old infants.

Sample size and selection

According to ENNyS, the prevalence of anemia in 6-9 months old infants is 50.8%. Our controlled
interventions would reduce such prevalence to 30%. Sample size was estimated with 0.95 significance
level and 0.80 power, resulting in 174 infants (n= 87 for each supplementation group). This number was
adjusted considering a 15% dropout, thus enrolling 204 infants.

Methods

Operational definition of variables

Main variables

-Anemia is defined as the “decrease in the total amount of blood cells or a blood hemoglobin (Hb)
concentration more than 2 standard deviations below the mean of an age- and sex-matched reference
range”. We will define the presence of anemia when Hb < 9.5 g/dL at 3 months of age and Hb <11.0 g/dL
at six months of age (CDC, 2007).

-Iron deficiency is defined as insufficient iron in the body. It will be considered when blood ferritin <12
ng/ml (WHO 2001). Since ferritin is an acute phase reactant, we will measure C-reactive protein (CRP) to
assess an eventual inflammatory state. When CRP is >5 mg/L, ID will be defined by a blood ferritin <30
ng/ml. The soluble transferrin receptor (sTfR) which is not influenced by inflammation will also be used
(cut-off value, sTfR 8.3 mg/L) (Grant 2012).

Secondary variables

-Adverse effects: presence (or absence) and frequency of one or more of the following effects during
ferrous sulfate supplementation (rejection, constipation, vomiting, diarrhea, abdominal pain).

-Adherence to treatment: is the rate of adherence to medication intake, dietary plan or lifestyle changes
according to recommendations agreed on with healthcare professionals (OMS, 2003).

Adherence will be measured with the formula:

(ml SO4Fe received - ml SO4Fe remaining)/days between the medication vial delivery and its return x100,

where ml SO,Fe received is the volume of ferrous sulfate delivered in a vial, sufficient to cover the
prescription until the infants' next control (1 month), and ml SO4Fe remaining is the residual volume in
the vial at the moment of the health control.

We will consider low adherence the consumption of less than 50% of the amount of medication



prescribed for the study period, and less than 50% of intakes prescribed for the study period.

We will consider high adherence consumption of more than 80% of the amount prescribed and more than
80% of the intakes prescribed.

All combinations not covered by low and high adherence will be considered as moderate adherence.
-Genomic instability: Chromosome, DNA and cell damage caused by certain agents. We will evaluate
oxidative stress and genomic damage at cytomolecular level and at DNA base level.

- Oxidative stress: imbalance between reactive oxygen species (ROS) production and accumulation and
the counteracting enzymatic/non-enzymatic antioxidant mechanisms. We will measure catalase and
superoxide-dismutase enzymatic activity and evaluate cell damage by lipid peroxidation through
thiobarbituric acid-reactive substances (TBARS) assessment.

- Genomic damage: DNA damage assessed by cytomolecular techniques using the Comet assay (damage
index assessment in 200 cells, quantifying damage by Tail moment and Olive Tail moment). The
frequency of oxidized DNA bases will be determined by competitive 8-0xo-dG Elisa.

Other variables:

- Sex, weeks of gestation, umbilical cord clamping.

- Infant nutritional condition will be assessed by anthropometry (weight, height, head circumference) at
three and six months.

- Sociodemographic data of infants and relatives, including place of residence, unsatisfied basic needs,
maternal education.

- Maternal nutritional condition will be evaluated with anthropometry and iron status.

- Environmental exposure to genotoxic agents (antibiotics, radiation (X-rays) and chemical substances
like pesticides, solvents and industrial waste) will be assessed by questionnaire.

Data collection

-Patient enrolment

During health control visits to IDIP Health Observatory on the first and second month of life, parents and
tutors will be invited to participate in the study; the study's protocol, its aims and benefits will be
explained in a plain language. They will be asked to sign a written informed consent form in case they
accept their children be incorporated to the study. Infants meeting the inclusion criteria with exclusively
breastfeeding (EBF) will be randomly divided into three groups: weekly, daily and no supplementation.
Those with mixed feeding (breastfeeding and formula; MF) will be randomly divided into two groups:
weekly and daily supplementation.

- Intervention

Weekly supplementation (EBF or MF): infants will receive a weekly dose of ferrous sulfate
(4mg/kg/week).

Daily supplementation (EBF or MF): infants will receive a daily dose of ferrous sulfate (1 mg/kg/day).
Without intervention (only EBF): infants will receive no supplementation, following the current SAP
guidelines. Ferrous sulfate will be supplied by pediatricians.

- Randomization

Randomization will be performed by computer-generated random sequences of numbers in blocks of
variable length. Randomization will be stratified by type of intake (EBF or MF).

Treatment assignments will be placed in sequentially numbered, opaque and sealed envelopes which will
be consecutively put in a box and later removed one at a time. The person in charge of the random
allocation process will not take part in the enrollment process.

- Blinding

Pediatricians in charge of supplementation will know the assigned intervention only when the envelopes
are open. Professionals in charge of performing laboratory tests will not know intervention assignments.
-Sample collection. Surveys

Before supplementation, 3-ml blood samples from infants will be drawn to assess anemia, ID, and
genomic stability. All non-anemic/iron deficient infants will be recruited and will be supplemented



according to the group assigned during 12 weeks (three months). At the end of this period (six months of
age), blood samples will be drawn again to measure the study variables. Infant and family
sociodemographic data will be surveyed at the first visit (three months of age). Anthropometric
measurements will be taken at three and six months. Nutritional assessment of the mothers will be
performed at the beginning and at the end of the study, measuring weight and height and drawing blood
samples for anemia and ID assessment.

- Intervention progress monitoring

Pediatricians will prescribe iron doses and manner of administration. Parents and/or tutors will receive
one or more droppers with ferrous sulfate sufficient to complete one-month supplementation, considering
that all infants will perform monthly health controls. The Telegram program “LactaPlusIDIPBOT”,
designed at IDIP, will be used to send reminders for iron supplement intake. They will be also contacted
weekly (Facebook messenger, Whatsapp, Telegram). To monitor adherence, we will use a daily/weekly
consumption record form that will be completed by parents/tutors and delivered at each health control. To
determine consumption, we will control de excess volume in droppers during each monthly control.

- Record of adverse effects

Parents and/or tutors will receive a form to register adverse effects which will be presented at each
monthly control. They will register intake rejection, constipation, vomiting, diarrhea, and abdominal pain.
Infants with intolerance to iron supplementation will be excluded from the study but will continue on an
alternative treatment (1 mg/kg/day fumarate or iron polymaltose complex).

- Laboratory tests

Blood samples (3 ml) from infants will be drawn at IDIP’s laboratory by venipuncture and divided into
two vials: 1) an EDTA tube containing 1 ml blood for complete blood count, and 2) lyophilized lithium
heparin tube that will be centrifuged to obtain plasma for the assessment of ferritin, CPR, sTfR, 8-oxodG
and TBARS, and erythrocytes for the assessment of CAT and SOD determinations and for the Comet
assay. The following methods will be used:

Hemoglobin: Modified Drabkin method (ABX Pentra DX 120 Horiba).

Ferritin and sTfR: enzymatic immunoassay using a chemiluminescence substrate (Access-Beckman
Coulter, Fullerton, US).

C-reactive protein: turbidimetry (Autoanalyzer BT 3000 Plus Wiener).

All these tests will be performed at the Children’s Hospital Central Laboratory.

Cytomolecular genomic stability: alkaline version of the Comet assay (electrophoresis of a cell sample
previously embedded in agarose, being migration proportional to the damage present (Sinh et al., 1988,
Padula 2016).

ROS-mediated DNA damage: ELISA to quantify 8-oxodG, the most frequently oxidized nucleotide
(Rossner et al 2006; Rossner & Sram 2012).

These tests will be performed at IGEVET.

CAT activity: spectrophotometry using Aebi’s method.

SOD activity: commercial kit (Ransod; RandoxLabs).

TBARS: spectrophotometry according to Okhawa.

These tests will be performed at IDIP and IGEVET.

Iron nutritional status (hemoglobin and ferritin) of mothers: blood samples taken at three and six months
after delivery.

Data analysis

The effectiveness of the interventions will be evaluated at six months of age by comparing the incidence
of anemia in both study groups as a relative risk (RR) and its corresponding 95% confidence interval
(95% CI). For the EBF group, no supplementation will be the reference category, whilst for the MF
group, the reference category will be daily iron supplementation.

Intention-to-treat analysis will be used to account for the possible changes in type of feeding and/or
intervention arms. However, per-protocol analysis will be also performed and compared with intention-
to-treat analysis in order to determine the result robustness.



Losses to follow-up will be censured since analyses will be performed in closed cohorts because we will
not be able to estimate incidence density (we will only collect data on anemia and ID at three and six
months).

We will also determine the incidence of adverse effects and the incidence of low treatment adherence at
six months of age for weekly vs. daily iron supplementation in both EBF and MF and calculate RR (95%
CI) at six months of age.

Means and differences of enzymatic SOD and CAT activity and TBARS concentration at three and six
months will be compared in both study groups. The same will apply to the Comet and 8 oxodG assays.
Differences between groups will be determined by Anova or Kruskal-Wallis test for quantitative variables
with post-hoc comparisons and Chi-square for categorical variables. Within group comparisons will be
analyzed using Student’s or Wilcoxon test.

Risk of bias assessment

Selection bias could be present since parents/tutors willing to participate could show higher interest in the
research project than those who do not participate. Considering that the population sample attends for
monthly controls, a trust relationship may be established between parent/tutor and pediatrician, resulting
in a higher degree of adherence to supplementation than in the general population.

Project Schedule

Activity Month

Enrolment according to inclusion/exclusion criteria

Intervention assignment

Sampling for hemoglobin, ferritin, CPR and sTfR

assessment.

Oxidative stress and genomic damage assessment

Anthropometric nutritional assessment

Monitoring ( registry of drug administration, adverse effects)

Data registry (data base entry)

Data analysis and interpretation of results

Conclusions. Final report




Study flowchart
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Work plan

SPECIFIC OBJECTIVE 1: Compare the effectiveness of weekly, daily and no iron
supplementation in EBF infants.
SPECIFIC OBJECTIVE 2: Compare the effectiveness of weekly, daily and no iron
supplementation in MF infants.

ACTIVITY RESPONSIBLE EXPECTED RESULT
Enrollment of infants according Pediatricians Incorporate infants who comply with
to the inclusion criteria. inclusion criteria

Informed consent.

Intervention assignment. Statistician Random allocation

Blood sample collection. Laboratory technician Adequate specimen collection (enough
volume, non clotted)

Hemoglobin, ferritin, PCR and ~ Biochemists Assessment of the prevalence of anemia

sTfR determinations. and iron deficiency

Indication for and monitoring Pediatricians Complete registry of the intervention.

of the intervention

Text message reminders Pediatricians Intervention adherence.

Weight and height Pediatrician, Nutritionist Determine the anthropometric

measurement. nutritional condition.

Registry of data. Data entry Complete database.

Data analysis and interpretation ~ Team, Statistician Report of results and conclusions.

of results.

SPECIFIC OBJECTIVE 3: Compare the incidence of adverse effects on weekly vs. .daily iron
supplementation for the prevention of anemia

Monitoring of the record of Pediatricians Adequate record of the presence and

adverse effects. frequency of adverse effects in both
types of supplementation.

Participant follow-up. Pediatricians Early detection of adverse effects that
may prevent intervention progression.

Control of data record forms Team Early detection of adverse effects.

Data analysis and interpretation ~ Team, statistician Report of results and conclusions.

of results.

SPECIFIC OBJECTIVE 4: Compare the degree of treatment adherence to weekly and daily iron
supplementation at six months of age.

Monthly control of droppers to ~ Biochemist Correct administration of iron
calculate adherence supplementation

Monitoring of drug intake Pediatricians Adequate drug intake according to
(registry form and phone calls) prescription.

Data analysis and interpretation  Team, statistician Report of results and conclusions.
of results.

SPECIFIC OBJECTIVE 5: Compare oxidative stress indicators resulting from both forms of iron
supplementation.

Blood sample collection Laboratory technician Adequate specimen collection



(enough volume, non clotted)

TBARS, CAT and SOD Biochemist, IGEVET Evaluation of oxidative stress
assessment researchers

Data analysis and interpretation  Team, statistician Report of results and conclusions.
of results.

SPECIFIC OBJECTIVE 6: Compare genomic damage with both forms of iron supplementation

Blood sample collection Laboratory technician Adequate specimen collection
(enough volume, non clotted)
Comet assay IGEVET researchers Cytomolecular damage evaluation
8 0x0-dG assessment IGEVET researchers Quantification of oxidized bases
Data analysis and interpretation Team, statistician Report of results and conclusions.

of results.



References

- Aebi H. Catalase in vitro. MethodsEnzymol 1984; 105:121-6.

- Aksu BY, Hasbal C; Himmetoglu S, Dincer Y, Koc EE, Hatipoglu S, Akcay T. Leukocyte DNA
damage in childrenwithirondeficiency anemia: effect of ironsupplementation. Eur J Pediatr. 2010;
169:951-956.

- Algarin C, Peirano P, Garrido M, Pizarro F, Lozoff B. IronDeficiency anemia in infancy
:longlastingeffectsonauditory and visual systemfunctioning. Pediatr Res. 2003; 53: 217-223.

- Andersen HS, Gambling L, Holtrop G, McArdle HJ. Maternal irondeficiencyidentifiescritical Windows
forgrowth and cardiovascular development in theratpostimplantationembryo. Journal of Nutrition
2006;136 (5):1171-7.

- Archer NM1, Brugnara C. Diagnosis of iron-deficientstates. CritRevClinLabSci. 2015 Aug 14:1-17.

- Assessing the iron status of populations: report of a joint World Health Organization/ Centers for
Disease Control and Prevention technical consultation on the assessment of iron status at the population
level, 2nd ed., Geneva, World Health Organization, 2007.

- Beard J. Irondeficiencyaltersbraindevelopment and functioning. J Nutr 2003; 133: 1468S-72S.

- BeardJL.Whyirondeficiencyisimportant in infantdevelopment. J Nut 2008; 138 (12):2534-6.

- Bernztein R; Drake I. Subprescripcion de hierro y variabilidad en el primer nivel de atencion publico de
la Argentina. Arch. argent. pediatr. 2008; 106 (4): 320-327

- Carter RC, Jacobson JL, Burden MJ, Armony-Sivan R, Dodge NC, Angelilli ML, Lozoff B, Jacobson
SW. Irondeficiency anemia and cognitivefunction in infancy. Pediatrics. 2010; 126 (2):e427-34.

-Clark SF. Irondeficiency anemia. NutrClinPract. 2008; 23(2):128-41

- Christensen L, Sguassero Y, Cuesta CB. Anemia y adherencia a la suplementacion oral con hierro en
una muestra de nifios usuarios de la red de salud publica de Rosario, Santa Fe. Arch Argent Pediatr. 2013
Jul-Aug; 111(4):288-94. doi: 10.1590/S0325-00752013000400006

- COMITE NACIONAL DE HEMATOLOGIA. Anemia ferropénica: Guia de diagndstico y tratamiento.
Arch Argent Pediatr 2009; 107(4):353-361

- Coutinho GGI1, Goloni-Bertollo EM, Pavarino-BertelliEC.Effectiveness of twoprograms of
intermittentferroussupplementationfortreatingiron-deficiency anemia in infants: randomizedclinical trial.
Sao Paulo Med J. 2008 Nov; 126(6):314-8.

- Dallman PR. Biochemicalbasisforthemanifestations of irondeficiency. AnnuRevNutr. 1986; 6:13-40.

- De Onis M, Onyango AW, Borghi E, Garza C, Yang H. Comparation of theWorld health organization
(WHO) Child Growth Standars and the National Center for Health Statistics/ WHO international growth
reference: Implications for child health programmes. PublicHealthNutr 2006,9 (7): 942-7.

- De-Regil LM, Jefferds MED, Sylvetsky AC, DowswellT.Intermittent iron supplementation for
improving nutrition and development in children under 12 years of age. Cochrane Database of
SystematicReviews 2011, Issue 12. Art. No.: CD009085.

- Dewey KG, Chaparro CM. Session 4: Mineral metabolism and body composition. Iron status of breast-
fedinfants. ProcNutr Soc. 2007;66: 412-22.

- Duran P, Mangialavori Ga, BiglieriAa, Kogan La AbeyaGilardon E. Estudio descriptivo de la situacion
nutricional en nifios de 6-72 meses de la Republica Argentina. Resultados de la Encuesta Nacional de
Nutricion y Salud (ENNyS). Arch Argent Pediatr 2009; 107(5):397-404.

- EickmannSophie H., Brito Cristiana M. M., Lira Pedro 1. C., Lima MariliaC.Effectiveness of weekly
iron supplementation on hemoglobin concentration, nutritional status and development of infants of
public daycare centers in Recife, Pernambuco State, Brazil. Cad. Saude Publica [Internet]. 2008 [cited
2015 Oct 07]; 24( Suppl 2 ): s303-s311

-Encuesta Nacional de Nutricion y Salud ~-ENNyS— 2005.Documento de resultados. Ministerio de Salud
de la Nacién (2007). Disponible en http://www.msal.gob.ar/images/stories/bes/graficos/0000000257cnt-
a08-ennys-documento-de-resultados-2007.pdf

- Evans MD, Dizdaroglu M, Cooke MS. Oxidative DNA damage and disease: induction, repair and
significance. Mutat Res. 2004; 567(1):1-61.



- Fenech M. Recommendeddietaryallowances (RDAs) forgenomicstability. Mutat Res. 2001; 480—481:
51-54.

- Fenech MF. Dietaryreferencevalues of individual micronutrients and nutriomes for genome damage
prevention: current status and a road map to the future. Am J ClinNutr 2010; 91(5):1438S-1454S

-Frazer DM, Anderson GJ. Theorchestration of body iron intake: how and where do enterocytes receive
their cues? BloodCellsMolecules and Disease 2003; 30 (3):288-97.

- Frazer DM, Wilkins SJ, Becker EM, Murphy TL, Vulpe CD, McKie AT, et al.Arapid decrease in the
expression of DMT1 and Dcytb but not Iregl or hephaestin explains the mucosal block phenomenon of
iron absorption. Gut 2003; 52(3):340-6.

- Grant FK, Martorell R, Flores-Ayala R, Cole CR, Ruth LJ, Ramakrishnan U, Suchdev PS. Comparison
of indicators of iron deficiency in Kenyan children. Am J ClinNutr. 2012; 95 (5):1231-7

- Tanicelli JC, Varea A, Falivene M, Disalvo L, Apezteguia M, Gonzéalez H. Prevalencia de anemia en
lactantes menores de 6 meses asistidos en un centro de atencion primaria de la ciudad de La Plata. Arch
Argent Pediatr 2012; 110(2):120-125.

- Kurtoglu E, Ugur A, Baltaci AK, Undar L. Effect of iron supplementation on oxidative stress and
antioxidant status in iron-deficiency anemia. Biol Trace Elem Res 2003; 96: 117-23.

- Lima AC, Lima MC, Guerra MQ, Romani SA, Eickmann SH, Lira PL.Impact of weekly treatment with
ferrous sulfate on hemoglobin level, morbidity and nutritional status of anemic infants.

- Liu Q, Sun L, Tan Y, Wang G, Lin X, Cai L. Role of iron deficiency and overload in the pathogenesis
of diabetes and diabetic complications. CurrentMedChem. 2009; 16 (1): 113-29.

-Lozoff B. Irondeficiency and child development. FoodNutr Bull. 2007; 28:S560-S571

- Lozoff B. Early iron deficiency has brain and behavior effects consistent with dopaminergic
dysfunction. J Nutr. 2011 1;141(4):740S-746S.

- Lutter C. Symposium Iron Deficiency in Young Children in Low-Income Countries and New
Approaches for Its Prevention. J Nut 2008, 2523-8

- Marques R, Taddei J, Lopez F, Braga J. Breastfeeding exclusively and iron deficiency anemia during
thefirst 6 months of age. RevAssocMedBra s 2014; 60(1):18-22

-McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. World wide prevalence of anaemia, WHO
Vitamin and Mineral Nutrition Information System, 1993-2005.Public HealthNutr. 2009; 12 (4):444-54

- Nogueira Arcanjo FP1, Santos PR, Costa Arcanjo CP, Meira Magalhdes SM, MadeiroLeite AJ. Daily
and Weekly Iron Supplementations are Effective in Increasing Hemoglobin and Reducing Anemia in
Infants. J TropPediatr. 2013 Jun; 59 (3):175-9.

- Olivares M, Walter T, Hertrampf E, Pizarro F. Anaemia and iron deficiency disease in children.Br Med
Bull. 1999; 55 (3):534-43.

- Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Anal Biochem. 1979; 95:351-8.

- Padula G, Gonzalez HF, Varea A, Seoane Al. Proteinenergy-malnutrition: doesthe in vitro zinc sulfate
supplementation improve chromosomal damagerepair? Biol Trace Elem Res. 2014 Dec; 162(1-3):64-71

- Padula G, Ponzinibbio MV, Seoane Al Impact of folic acid supplementation on low dose ionizing
radiation-induced genomic instability in vitro. Indian Journal of Experimental Biology. 2016; 54:537-543

- Penia-Rosas JP1, De-Regil LM, Dowswell T, Viteri FE. Intermittent oral iron supplementation during
pregnancy. Cochrane Database Syst Rev. 2012 Jul 11; 7: CD009997.

- Rossner P Jr, Terry MB, Gammon MD, et al (2006). OGG1 polymorphisms and breast cancer risk.
Cancer Epidemiol Biomarkers Prev, 15, 811-15.

- Rossner, P. Jr, Sram, R.J. (2012) Immunochemical detection of oxidatively damaged DNA. Free Radical
Research, 46, 492-522. d0i:10.3109/10715762.2011.632415

-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 Global Health 2013;1 (1):e16-25. [DOI: 10.1016/S2214-109X (13)70001-9]



- Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique for quantification of low levels of
DNA damage in individual cells. ExpCell Res. (1988); 175:184-191.

-Srigiridhar K, Nair KM, Subramanian R, Singotamu L. Oral repletion of iron induces free radical
mediated alterations in the gastrointestinal tract of rat. Molecular and Cellular Biochemistry 2001; 219:
91-8.

-Torres J. Anemia in low-income exclusively breastfed infants. Pediatr (Rio J). 2006; 82 (4):284-8

- Toxqui L, De Piero A, Courtois V, Bastida S, Sanchez-Muniz FJ, Vaquero MP. Iron deficiency and
overload. Implications in oxidative stress and cardiovascular health. NutrHosp. 2010; 25(3):350-65.

- UNICEF/UNU/WHO 2001. Iron Deficiency Anaemia Assessment. Prevention and Control. A Guide for
programme managers

- Viteri FE. Iron supplementation for the control of iron deficiency in populations at risk. Nutrition
Reviews 1997; 55 (6):195-209.

- World Health Organization. Adherence to long term therapies: evidence for action 2003. WHO Library
Cataloguing-in-Publication Data. ISBN 92 4 154599 2.

-World Health Organization. Guideline: intermittent irons upplementation in preschool and school-
agechildren. Geneva: World Health Organization, 2011.

- Yang Z, Lonnerdal B, Adu-Afarwuah S, Brown KH, Chaparro CM, Cohen RJ, et al. Prevalence and
Predictors of iron deficiency in fully breastfed infants at 6 months of age: Comparison of data from 6
studies. Am J ClinNutr. 2009; 89: 1433-40.

- Yurdakok K, Temiz F, Yalgin SS, Glimriik F. Efficacy of Daily and Weekly Iron Supplementation on
Iron Status in Exclusively Breast-Fed Infants. J Pediatr Hematol Oncol 2004; 26: 284288



