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RESUMO

A anemia por deficiéncia de ferro continua sendo um grave problema de saude pablica mundial.
Tal condicdo assume uma importancia maior no caso de criancas pré-escolares, por ser um
periodo de maxima demanda desse nutriente e por resultar em déficits de neurodesenvolvimento
e cognitivos. Na busca por alternativas de baixo custo, sustentaveis e acessiveis, nosso estudo
tem por objetivo comparar o efeito do mel de cana de acucar, solucdo oral de sulfato ferroso e
controle na concentracdo de hemoglobina e na prevaléncia de anemia em pré-escolares. Em um
ensaio clinico randomizado, avaliamos pré-escolares com idade entre 24 e 36 meses. A
intervencao durou 16 semanas. As criangas foram alocadas aleatoriamente em 3 grupos: mel da
cana de aclcar uma vez ao dia (grupo A), 6mg/kg de ferro elementar uma vez por semana
(grupo B) e controle (grupo C). As variaveis de desfecho primario foram mudanca na
concentracdo de hemoglobina e prevaléncia de anemia. Duas avaliagfes bioguimicas foram
realizadas antes e apds a intervencdo para determinar as concentracbes de hemoglobina.
Resultados: Grupo A: a concentracdo média basal de hemoglobina foi 11,10 £ 1,299 / dL e
11,60 £ 0,72g / dL apos a intervencéo, p = 0,002; 12 de 21 participantes que eram anémicos no
inicio do estudo tinham niveis normais de Hb apdés a intervencgdo. Risco relativo (RR) = 0,63,
ndmero necessario para tratar (NNT) = 2. No grupo B, a média de hemoglobina basal foi 11,19
+1,42g/dL e 12,04 £ 0,969 / dL apds a intervencdo, p = 0,0003; 16 de 20 participantes que
eram anémicos no inicio do estudo tinham niveis normais de Hb apés a intervencédo. RR = 0,36,
NNT = 2. No grupo controle, a média de hemoglobina basal foi de 11,85 + 0,869 / dL,
diminuindo para 11,11 + 0,87g / dL ap0s a intervencéo, p <0,0001 com aumento no nimero de
individuos anémicos. Conclusdo: O mel da cana-de-agcucar foi tdo eficaz quanto a

suplementacdo semanal de ferro na prevencao e tratamento da anemia em pré-escolares.

Palavras-chave: Anemia; Deficiéncia de ferro; Nutricdo do Lactente; Saccharum;

Hemoglobinas.



ABSTRACT

Iron deficiency anemia remains a serious public health problem worldwide. This condition
assumes greater importance in the case of preschool children, as it is a period of maximum
demand for this nutrient and because it results in neurodevelopmental and cognitive deficits,
justifying the search for low-cost, sustainable and accessible alternatives to address this
condition. Objective: To compare the effect of sugar cane honey, ferrous sulfate oral solution
and control on hemoglobin concentrations, and anemia prevalence in preschoolers. Methods:
In a cluster-randomized clinical trial, we evaluated preschoolers aged 24-36 months.
Intervention lasted 16 weeks. Children were cluster randomized to either sugar cane honey once
daily (group A), 6mg/kg elemental iron once weekly (group B), or control (Group C). Primary
outcome variables were change in hemoglobin concentration and anemia prevalence. Two
biochemical evaluations were performed before and after intervention to determine hemoglobin
concentrations. Results: Group A: at baseline mean hemoglobin concentration was
11.104£1.29¢/dL and 11.60+0.72g/dL after intervention, p=.002; 12 out of 21 participants who
were anemic at baseline had normal Hb levels after intervention. Relative risk (RR)=0.63,
number needed to treat (NNT)=2. In group B, mean baseline hemoglobin was 11.19+1.42¢g/dL,
and 12.04+0.969/dL after intervention, p=.0003; 16 out of 20 participants who were anemic at
baseline had normal Hb levels after intervention. RR=0.36, NNT=2. In the control group mean
baseline hemoglobin was 11.85+0.86g/dL, decreasing to 11.11+0.87g/dL after intervention,
p<.0001 with an increase in the number of anemic individuals. Conclusion: Sugar cane honey

was as effective as weekly iron supplementation to prevent and treat anemia in preschoolers.

Keywords: Anemia; Iron Deficiency; Infant Nutrition; Saccharum; Hemoglobins
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1 INTRODUCAO

A deficiéncia de ferro é a mais comum e largamente distribuida desordem
nutricional do mundo (OMS, 2020), constituindo um problema de satide publica em paises em
desenvolvimento. Até mesmo nos paises desenvolvidos, apesar de uma queda na prevaléncia
(SHERRY et al., 2001), a anemia ferropriva continua sendo uma causa comum de anemia em
pré-escolares. A deficiéncia de ferro € o resultado de balan¢o negativo desse mineral ao longo
do tempo. Por sua vez, a anemia ferropriva € a forma mais grave da deficiéncia de ferro,
ocorrendo ap6s um longo periodo de deficiéncia desse elemento, quando os estoques ja foram
depletados, e depois da diminuicéo do ferro bioquimico (FROTA, 2013).

A anemia € definida como nivel de hemoglobina no sangue abaixo de -2DP para
dada populacdo normal sobre outros aspectos e com mesmo sexo e idade. Os valores que
definem anemia variam com estado fisioldgico, idade, sexo, gravidez e altitude e sdo definidos
pela Organizacdo Mundial de Saiude (OMS) como Hb < 11g/dL para menores de seis anos e
gestantes; Hb < 11,5g/dL para criancas de seis a onze anos, Hb < 12g/dL para criancas de seis
a quatorze anos e mulheres; Hb < 12g/dL para mulheres maiores de quinze anos, ndo gestantes
e Hb < 13g/dL para homens adultos (OMS, 2017).

A anemia por deficiéncia de ferro é a causa mais comum de anemia e estima-se que
contribua para aproximadamente 42% dos casos em crian¢as menores de 5 anos em todo o
mundo. A deficiéncia de ferro se desenvolve quando a ingestdo de ferro na dieta ndo pode
atender as necessidades, especialmente durante os periodos da vida nos quais as demandas de
ferro sdo especialmente altas (durante a infancia e a gravidez) ou quando ha ingestdo de ferro
deficiente ou perda de ferro (OMS, 2017). A anemia por deficiéncia de ferro caracteriza-se ndo
apenas pela escassa concentracdo de hemoglobina, mas pela diminuig&o ou auséncia de reservas
de ferro, pela baixa concentracdo férrica no soro e pela menor saturacdo de transferrina,
comprometendo assim o transporte de oxigénio (FROTA, 2013).

As manifestacdes clinicas da deficiéncia de ferro sdo determinadas pelos estagios
de deplecdo, deficiéncia de ferro e anemia propriamente dita, quando as repercussdes clinicas
e fisioldgicas sdo aparentes, como apatia, cansaco, irritabilidade, taquicardia. Quando a
concentracdo de hemoglobina diminui, a capacidade do sangue de transportar o oxigénio para
os tecidos € comprometida, resultando em sintomas como fadiga, reducéo do trabalho fisico e
dispneia (OMS, 2017; SBP, 2018).

Os grupos populacionais mais vulneraveis a anemia incluem criangas menores de 5

anos, principalmente lactentes, adolescentes, mulheres em idade reprodutiva (15-49 anos) e



10

mulheres gravidas. A alta demanda de ferro necessaria nesses periodos, devido ao rapido
crescimento e desenvolvimento, principalmente durante os primeiros 2 anos de vida, podem
estar relacionadas a essa vulnerabilidade. Além disso, alimentos complementares tipicos das
criancas tém frequentemente baixo teor de ferro (em quantidade e biodisponibilidade) e alto
contetdo de inibidores de absorgéo de ferro (OMS, 2017).

A OMS estima que mais de 2 bilhdes de pessoas sofrem desta condi¢do em todo o
mundo; de acordo com o Fundo das Nag¢des Unidas para a Infancia (UNICEF, 2000), mais de
750 milhdes delas sdo criancas. De acordo com um estudo nacional realizado no Brasil,
pesquisadores relataram que aproximadamente um quinto das criangas menores de cinco anos
eram anémicas (BRASIL, 2009).

A proporcdo de anemia por deficiéncia de ferro varia dependendo da idade e sexo
do grupo estudado, da regido do mundo em que eles vivem e da prevaléncia de outras causas
de anemia nessa area especifica (OMS, 2017). Estudo brasileiro em 12 centros urbanos, nas
cinco regides brasileiras, com 2.715 criangas entre 6 e 12 meses, identificou 65,4% das criancas
com anemia ferropriva (JUNIOR et al., 2014).

A prevaléncia de anemia permanece alta nas regides mais pobres do mundo,
representando um obstaculo para a reducdo da mortalidade materna e neonatal e para o
desenvolvimento saudavel da primeira infancia (STEVENS et al., 2013).

De acordo com a OMS (2020), cerca de 40% dos pré-escolares sdo portadores de
anemia. A deficiéncia de ferro e a anemia ferropriva assumem uma importancia ainda maior
nesse periodo da primeira infancia por diversas razfes: a necessidade de ferro é méaxima devido
ao seu rapido crescimento corporal; a dieta das criancas nesse periodo costuma ser deficiente
em ferro; e, 0 mais importante, a deficiéncia de ferro nessa faixa etaria pode resultar em déficits
de neurodesenvolvimento e cognitivos, que podem ndo ser reversiveis (SUBRAMANIAM et
al, 2015).

Sdo efeitos adversos da deficiéncia de ferro: alteragbes cognitivas,
comportamentais e fisicas durante o crescimento na infancia; alteragcfes no estado imune e
morbidade frente a infeccdes; e a diminuicdo da capacidade fisica e produtividade no trabalho
em adolescentes e adultos. Especificamente, a anemia por deficiéncia de ferro durante a
gravidez aumenta 0s riscos perinatais para méaes e recém-nascidos e aumenta a mortalidade
infantil geral (OMS, 2001).
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A deficiéncia de ferro prejudica a cognicdo e o desempenho fisico, aumenta a
mortalidade materna e infantil e reduz a resisténcia fisica (BRABIN et al., 2001). Anemia grave
esta relacionada com aumento do risco para mortalidade materna e infantil (OMS, 2006).

A OMS questiona a possibilidade de formacao de capital humano ndo qualificado
em longo prazo devido ao menor desenvolvimento mental em criangas com anemia. Como o
ferro € necessario para enzimas na sintese de tiroxina e para enzimas responsaveis pela
mobilizacdo de vitamina A do figado, a ferropenia pode levar a alteracdes do metabolismo do
iodo e vitamina A (OMS, 2001).

Hé acervo crescente de evidéncia proveniente de estudos de revisdo em animais e
humanos que relacionam anemia por deficiéncia de ferro nos periodos iniciais da infancia e
alteracdes da inteligéncia em estagios posteriores da infancia. Criangas maiores de dois anos
anémicas tém usualmente alteracdo na cognicdo e pior desempenho e rendimento escolar do
que as nao-anémicas. (GRANTHAM-MCGREGOR et al., 2001)

As consequéncias da anemia para uma crianga podem ndo ser totalmente
recuperadas, destacando-se a importancia de investir em acdes de prevencdo para deficiéncia
de ferro e outros micronutrientes para criancas de 6 a 48 meses, para que se minimizem as
necessidades de tratamento (BRASIL, 2015).

A OMS promove trés abordagens principais para lidar com a anemia: diversificagao
da dieta, para incluir alimentos ricos em ferro com alta biodisponibilidade; fortificagdo de
alimentos basicos, como trigo e farinha de milho; e o fornecimento de suplementos de ferro

para grupos de risco (OMS, 2006).

A diversificacdo dietética é provavelmente o melhor e mais sustentavel meio de
abordar o problema da anemia. De acordo com a OMS, os esquemas de diversificacdo alimentar
mais promissores sdo aqueles que incluem o uso de alimentos locais ou regionais. Alimentos
regionais populares com alto teor de ferro sdo particularmente interessantes, pois podem ser
usados para combater a anemia em populagdes com baixas reservas ou altas exigéncias de ferro,

como criangas em crescimento e mulheres de idade fértil (OMS, 2001).

Na América Latina (especialmente no Brasil e Venezuela) e nos paises do Caribe,
um alimento regional que € rico em ferro, prontamente disponivel e de baixo custo é o melago
da cana de agucar (Saccharum officinarum), produzido em grande escala nas planta¢@es de cana
nas regides tropicais, sendo usado como um substituto mais barato e acessivel para actcares
refinados, sendo também mais saudavel por reter a maioria de seus nutrientes essenciais,
vitaminas e minerais (USDA-ARS; 2001).
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A cana de agucar é uma boa fonte de ferro, contendo cerca de 0,7% de ferro por
peso no caldo de cana clarificado (GHOSH et al., 2003). A biodisponibilidade do ferro presente
do melaco da cana é de cerca de 85% do ferro total e pode fornecer cerca de 6,2mg de ferro/100g
de melaco, que € mais do que alguns alimentos considerados ricos em ferro fornecem, como
ovos (3,1mg/100g) e espinafre (2,6mg/100g) (HARRIS et al., 1939).

Além disso, a absorcdo de ferro é aumentada na presenca de agUcares simples do
melaco, como glicose, sacarose e frutose (JOHNSON et al., 1986). O melaco da cana de agucar
surge entdo como uma fonte de ferro viavel e de baixo custo em nosso meio para prevencao e

tratamento da deficiéncia de ferro.
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2 JUSTIFICATIVA

A anemia por deficiéncia de ferro (também chamada de anemia ferropriva)
representa o problema nutricional evitavel mais comum do mundo, apesar da implementacéo

continua de programas globais para seu controle (STOLTZFUS et al., 2004).

A anemia representa um grave problema de salde publica, especialmente nos paises
em desenvolvimento, capaz de trazer consequéncias a longo prazo no caso de pré-escolares,
como reducdo da performance cognitiva e deplecdo do sistema imune com consequente
aumento da mortalidade nessa faixa etaria (OMS, 2016).

A reducéo da anemia por deficiéncia de ferro continua a ser um desafio em todo o
mundo, particularmente em paises de baixa e média renda (ALVES et al., 2019). Ao longo dos
anos, pesquisadores buscam estratégias para prevenir e controlar a doenca. No entanto, altas
taxas de prevaléncia persistem em populac6es de todo o mundo, justificando a busca por novas
intervencdes.

A anemia ferropriva deve ser idealmente tratada através da diversificacdo e melhor
acesso a alimentos com altos niveis de ferro biodisponivel, incluindo produtos de origem
animal. Suplementacdo diéria ou intermitente de ferro, isoladamente ou em conjunto com &cido
félico e outros micronutrientes, pode ser usado para grupos de alto risco. A fortificacdo de
alimentos também pode ser usada para melhorar a ingestdo de ferro na populacdo geral (OMS,
2015).

Diante disso, implementac¢des que venham a diminuir a prevaléncia de anemia em
criancas devem ser avaliadas e incorporadas ao acervo das terapéuticas atuais, podendo incluir
uma ou mais intervencdes diretas ou indiretas que afetem o nivel de ferro, como educacdo ou
aconselhamento nutricional, fornecimento universal ou direcionado de suplementos de ferro,
fortificagcdo de alimentos com micronutrientes em p6 contendo ferro, fortificacdo de alimentos
basicos ou condimentos com ferro e outros micronutrientes, vermifugacao, saneamento basico
e higiene (OMS, 2020).

O Ministério da Saude recomenda que as agdes de educacdo alimentar e nutricional
sejam acompanhadas da suplementacéo de ferro para criancas e gestantes ou da fortificacdo dos
alimentos preparados para as criangas com micronutrientes em pé (BRASIL, 2013).

No Brasil, para atender a prevaléncia de anemia ferropriva, a Politica Nacional de
Alimentacdo e Nutricdo foi criada com o objetivo de garantir a qualidade dos alimentos, além
de promover praticas alimentares saudaveis e prevenir e controlar os distlrbios nutricionais
(BRASIL, 2012).
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Mesmo diante das estratégias brasileiras de controle e prevencao da anemia como
a fortificacdo obrigatdria das farinhas de trigo e milho e a suplementacéo profilatica de grupos
de risco, a ocorréncia da anemia permanece como problema de salude publica em criancas de
todas as regides do pais (OLIVEIRA et al., 2016).

A persisténcia de altas taxas de prevaléncia de anemia ferropriva na populacéo
brasileira justifica a busca por alternativas inovadoras, sustentaveis e de baixo custo capazes de
reduzir estes numeros. Observa-se a necessidade de novas abordagens, com melhor aceitacéo e
que aumentem a taxa de cobertura. Nesse contexto, de acordo com a OMS, a incluséo do uso
de alimentos locais ou regionais com alto teor de ferro é particularmente interessante, como é

0 caso da cana de aglicar em nosso meio.
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3 OBJETIVOS

3.1 Geral

Avaliar o efeito do mel da cana de agucar na prevencdo e/ou tratamento da anemia.

3.2 Especificos
Comparar o efeito do mel de cana de agticar em administragdo diaria com a solugéo
oral de sulfato ferroso semanal na concentracdo de hemoglobina e na prevaléncia de anemia em

pré-escolares entre 24-36 meses.
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Abstract

Objective: To compare the effect of sugar cane honey, ferrous sulfate oral solution and control on
hemoglobin concentrations, and anemia prevalence in preschoolers. Methods: In a cluster-randomized
clinical tnal, we evaluated preschoolers aged 24-36 months. Intervention lasted 16 wecks. Children were
cluster randomized to either sugar cane honey once daily (group A), 6mg/kg demental ron once weekly
{group B), or control (Group C). Primary outcome variables were change in hemoglobin concentration and
anemia prevalence. Two biochemical evaluatons were performed before and after intervention to
determine hemoglobin concentrations. Results: Group A: at bascline mean hemoglobin concentration was
11102129 /dL and 11.6020.72g/dL. after intervention, p=.002; 12 out of 21 pamicipants who were
anemic at baseline had normal Hb levels after intervention. Relanve nisk (RR)=(1.63, number needed to treat
(NNT)=2. In group B, mcan basclinec hemoglobin was 11.19%£1.42g/dl., and 120420.96g/dL. after
mtervention, p=.0003; 16 out of 20 participants who were anemic at baseline had normal Hb levels after
mrerventon.  RR=0.36, NN'T=2. In the control group mean baseline hemoglobin was 11.8520.86g/dL,
decreasing to 11.1120.87g/dL after intervention, p<.0001 with an increase in the number of anemic
individuals. Conclusion: Sugar canc honey was as effective as weekly iron supplementation to prevent and
treat anemaa in preschoolers.

Keywords: Anemia; Iron Deficiency; Child Nutrition; Sugarcane; Iron Supplements; Hemoglobins.

1. Introduction

Iron deficiency (I} and anemia are soll mayor public health problems in both industaabized and
developing countries (Mclean e af 2009; Word Health Organization, 20200, According to the World Health
Organzzation (20240, 40% of preschool children are cstimated oo be anemic, they are a special ssk group due to
ther high iron roquirements because of their rapid growth (DomellGE e af 2014). Risk factors for won deficiency
ancmia (IDA) mclude low birth weight, excessive cow’s milk consumption, inadequate dietary won,  low
socineconomic status and frequent mfectons, which may result in diminished iron stores and  inereased
probability of 1D (UNICEF, 1998 Dary &Hureeell, 2006; Domellif & af, 2004). In mem, 1D may lead to a
reduction in cognitive performance, decreased physical endurance, and increased risk of infant mortality due to
depletion of the immune system (Lozoff of of, 2000 Geea o af 2007; World Health Organszation, 200 6; Global
Burden of Disease Child and Adolescent Health Collaboranon er af, 2007).

For the year 201, it was cstmated that 2732 million (42.6%) preschool-age children (6-39 months)
worldwide were anemac, 'l.uﬂ'l 17.1 million (22.3%) i the Americas ["L‘Lan:I Health Organseaton, 2015; Waord
Health Oreganizanon, 2016). According to a national study conducted in Braml, rescarchers reported dhat
approximately one-fifth of children under the age of five years were ancmic (Beasl, 2008,

In Braml, in order o address IDA prevalence, the Mational Food and Nummnon Policy was coeated in
order to puarantee the qualiey of foodsouffs, as well as pmmnung health eating peactices and preventng and
controlling nutnnonal disorders (Beasl, 2["2} However, in spate of these measures, high 1IDA prevalence rates
still persist i the Brazlian populaton, justfving the search for innovatve, sustainable, and low-cost strategacs
capable of reducng IDA prevalence.

! Umverssdade Federal do Ceard, Av. Comandante Mauroedlso Rocha Ponte, 100 = Dedsy, 62042-2580 = Sobral, Ceara, Brasl.
Telefax: +55 83 3677 B, fl:m—q‘nmﬂing Author IZ-m;il;fmnui»c::ph.cidmma.niu@gmaime
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Hence, this study secks to analyze the effects of sugar cane honey for the preventon and/or treatment of
1DAL In this mvesnganon, we compared the effect of sugar cane honey given once daily versus ferrous sulfare oral
solunon given once weekly versus control, on Hb concentrations, and anemia prevalence rates in preschoolers
aged 24-36 months.

2. Methods
2.1, Study design

Tor address the research purpose, the authors designed and implemented a cluster randomized climeal tnal
study. The study sample was denved from the population of preschoolers aged between 24 and 36 months, from
public Infant Educatnon Centers, in the municipality of Sobral - Ceard, a muddle-sieed aity, in the northeast of
Brazl, between August and December 2016.

Prior to interventon, three public Infant Education Centers were chosen using a table of randomized
numbers; the st formed Group A, the seeond Group B and the third Group C. Group A receved 186 g sugar
cane honey once daily (intervennon); Group B was allocated to 6 mg/ kg eleoental irma once weekly (intervention);
and Group C was designated as control.

All preschoolers aged 24 10 36 months from the three Infant Education Centers were invited to
participate in our study. Exclusion criteria were parents” refusal to parnapate and infanes already using ron
supplementation.

22, Intervention

In thes study, the preschoolers m Group A receved a disposable cup contwmng 18.6 g of sugar cane
honey onee daly (Monday through Frday) (Table 1). The preschoolers in Group B received 6 myg/ky almental
sran once weekly (Mondays); intervention was administered using an individual plaste medical syringe with scale,
previously prepared according to chuld's weight, to gently squart the solution into the side of the child's mouth by
graduate medical tranees. Intervention lasted 16 weeks, beginming and ending on the same date for all groups.

2.3. Sugar cane honey production

After undergoing a cleaning process, the sugar cane 15 milled, the juice obtaned in the milling passes
through decanters and sieves, for removal of impurites, and remains in rest for 24 hours. In this perod
acidification of the juee occurs, in which the sucrose 15 rransformed into glueose and fructose, which prevents
crystallization. The juice 15 then heated, when there 15 the evaporanon of water, unnl the deal pomnt 15 obrained.
Onee this point 15 reached, the sugar cane honey 15 cooled enough o be packed in the pots or battles.

Sugrar cane honey can be used as a natural sweetener, a nutrinous substute for sugar because it 15 nich in

caleium, ron, magnesium, selenium and other important nutrients (United States Department of Agriculture,
2016) (Table 1).

Table 1. Main vitarmin and mineral composition of sugar cane honey (15.6 g porton)

Vitamins and minerals  Dose (18.6 g portion)

MNracin 0173 my
Witarmn B6 0125 myr
Caleium 38 mg
Iron (.88 mg
Magnesium 45 mygz
Phosphorus 6omyg
Potassium 272 mg
Sodium T mg
Zine 005 myr

Source: United States Department of Agriculture, 2016.
2.4, Pamary outcomes and other vanables

The study included 2 primary outcome variables: 1) change in Hb concentration measured in g/dl; and 2)
anermia prevalence before and after interventon. Hb concentration <11.0g/dL was used as cutoff point o define
anermia (World Health Orgraneation, 2001).

According to information provided by parents, a standardized dara sheet was filled in contaning
information on (other stady varables): age, gender, exclusive breastfeeding (EBF) up to 6 months, mother’s
schoolng, and family ineome.

2.5, Sample size
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According to previous studies conducted i this regron anerma prevalence in the study population was
estimated at 40-50% (Arcamo o &f, 2008 Carvalho e af, 2000; Matos e al, 2006). To achieve a reducton in global
anermia prevalence from 50 to 25%, wath B0% power, Z-sided, type 1 error of 5 %, accounting for 10% losses to
follow-up, each group required a minimum of 43 partcipants (Lwanga, & Lemesshow, 1991).

2.6. Data collection

Two bochemical evaluatnons were performed, w determine Hb concentrations, before and  after
mtervention. Hb eoncentrations were promptly analyzed with a portable HemoCue B-hemoglobin photometer
{Hb 301 - HemoCue AB, Angelholm, Sweden) by technician. Finger prick eapillary blood was eollected under
aseptic conditions using Carelet® Safety Lancets (Facet Technologies, Atanta, GA, USA). Members of the study
tearn who colleeted outeome data were blinded to the different intervennons.

2.7. Data analyses

To compare means we used, the pared student’s t-test to assess the difference m Hb eoncentraton
before and after mtervention within the groups, and Fisher's exact test o assess the difference between good and
bad outcomes (absence or presence of anemia). One-way analysis of varance (ANOVA) was used w test
differences among the three groups, and significant differences were evaluated with the Fisher and Bonferrom
tests for multple comparisons. Data had normal distribution. The stanstueal software package SPSS for Windows,
version 170, was used for all analyses (SPSS Inc., Chicago, 11). The lirmt for stanstical significance was set at
p=0.05. Analyses were by intention to treat.

This study was approved by the Ethies Commuttee for Research at the Federal Universiy of Ceard
following the ethical principles established by the Natonal Health Counal Resolution #466,/2012, with necessary
prior wrtten consent from school directors and parents/guardians. Medical support was avalable upon request.
After intervention, anermue children were referred for treatment.

3. Results

At baseline, 20 preschoolers were excluded before blood analysis, six from grooup A (1 refused and 5
already using won supplementaton), mne from group B (3 refused and 6 already using won supplementaton), and
five from group C (3 refused and 2 already using wron supplementation) (Figure 1).

Before the second biochemical evaluation (at the end of the intervention), there were 6 dropouts from
Group A (5 left Infant Education Center, 1 absentee); in Group B there were 10 dropouts (5 left Infant Education
Center, 2 absentee, 3 non-comphant); and in Group C there were 11 dropouts (7 left Infant Educatnon Center, 2
absentee, 2 non-comphant) (Figure 1)
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At basehine, Hb concentration and the other study vanables were analveed. There were oo stabstically
significant differences for age, pender, EBF, mother's schoolng, and family income. Mean age (n months) for
group A was 2042320, 29933 S1for group B, and 3042336 for group O, p= 30 10 group A, 31 pamapants
were male and 32 were female, m group B 27 were male and 27 were female, and i group © 28 were male and 31
were female, p= i The '|'.|-1.':|l1.|.-u= hetaeen groups tor EBF, mother's schoobing and famihe income were 46, 946,
and .M, respectrvely.

Hurwever, there was 2 sgmificant dafference between the groups for mean Hb values; mean Hb for group
Awms TLIAZL25 g/dl, 11342131 for group B, and 11882078 g/dL for group C, p= 03 (Tahle 2).
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Table 2. Baschne charactensues of study parieipants, by mtervention group and control

Group A Group B Group C
Variahles Negar cane boney Woeckdy irm Caomirnd
(n=63) (n=54) (n=59) »
Mg [mnnlhs} q b1 9 g O+ +
. ]
M+ 5D 204+329 2991351 304336 3
Hemaoglobin (g/dL) 1118125 11.34+1.31 1188078 03
Gender M:F 31:32 2727 28:31 96
EBF 22 25 24 A6
Mother with
; 24 2z 23 R
=0y schooling '
Farmuly meome i,
S 29 23 2 00
>300USD .

Al numbers are absolute; 51 standard devianion; M:F male:female; EBF exclusively breastfed up to 6 months of
age; * Based on T-way analysis of vanance.

In Group A, mean Hb concentration before mtervention was 11102129 g¢/dL, increasing to 11.60£0.72
g/dL after intervention, p= 002; anemnia prevalence was 21 out of 57 (36.8%) at baseline, and 9 (15.8%) at the
end of the intervention, p= MB. In Group B, mean basehne Hb concentration was 11.1921.42 ¢/dL, and after
intervention mean Hb concentration increased to 120420096 g/dL., p= 0003; and anemia prevalence was 200 out
of 44, 45.5% at baseline, and 4 out of 44 (9.1%) at the end of the smudy, p= 0002 In the control sroup [('ir-.:-up
), mean baseline Hb concentration was 11852086 ¢/dl, and alter intervennon mean Hb eoncentraton
decreased o 11112087 g/dL, p=< (001; and anemia prevalence was B our of 48, 16.7% at baseline, increasing to
12 out of 48, 25.0% at the end of the study, without stanstical difference, p= 452, In the comparison between
mterventon 'ﬁn:uupﬁ A and B, there was no stanstucal difference, p= 44y, however, when these are c-.:-mrnn:d o
the control group, both intervention groups presented statsteally sigmbBieant results (Group A versus C, and
(':ruup B versus (), P AN (Table 3).

When eonsidering alterations in mean Hb eoncentrations, there was an merease n mean Hb values for

(‘inru]‘! A [050X1.17), and 'rm:uu}‘:- B {0.85£1.42); however, (;ruup C regastered a reduction in mean Hb
concentration (-0.74E0.96), p< 0001 (Table 3).

Table 3. Effects of sugar cane honey, weekly iron supplementation and control on hemoglobin levels, and anerma
prevalence before and after intervention
Group A (n=57) Group B (n=44) Group C (n=48)
Sugar cane honey Weekly frme Controd
Variables Before After P Before After P Before After P
Ifhﬂ?;{?—:.g 11102129 11602072 0020 11192142 12042095 0003 11852086 11112087 <.0001:
. 10.75, 11.40, 10.76, 11.75, 11.60, 10.85,
' 11.44 11.79 11.62 12.33 12.10 11.36
Mean
‘”c’;:;j" ‘“ 0.50+1.17 (.85+1.42 0741096 <.0001"
Meant5D
- 0.9, 0.41, 1.0,
' (LB1 1.28 (046

Anemias 21 (36.8) U (15.8) .0184 20 (455) 409.1) 00024 B (16.7) 12 (250 A45M
All numbers are absolute except numbers in brackets, which represent percentages; Hb Hemoglobin, 5D standard
devianon; CI 93% Confidence mnterval; * Based on pa.in.'d Student’s ~tests; * Based on 1-way analysis of vanance; ©
Anemia defined as Hb eoncentration <11.0 g/dL; ¢ Based on Fisher's exaet test (2-tailed); Povalue between ErOups
based on Fisher and Bonferrom tests: 'fimup Ax f;n}up B = 449, ﬁn:u}‘} Ax 'fimup (= .ﬂm1,ﬁn:u}‘1 B x
Group C < 0001

When considenng only the anemic participants, m Group A (n=21), mean Hb concentration was
989E1.21 g/dL ar baseline and 11372097 after intervention, p< 0K, From the twenty-one participants who
were anermic at baseling, only 6 remamed anemic after mtervention (Hb <110 g/dL), p=< (001,

In the weekly supplementation group (Group B), mean Hb concentration was 9.82Z0.60 at baseline and
11.5820.45 after intervention, p=< (W001; at baseline 2} partcipants were anemic; however, after intervennon this
number reduced to 4, p< 0001
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In the control group (Group ), mean Hb concentration was 107820014 g/dL at baseline, decreasing to
10.60£1.27 after intervention, without statsueal significance, p= 077, Both intervennon groups (A and B)
presented an increase in mean Hb concentration, 1.4920.99 and 1.7620.85 g/dL, while the control group (Group
) presented a shght decrease n mean Hb concentraton, p= 677, In the comparison between intervention
Groups A and B, there was no statisucal difference, p=> 99; however, when compared to the control group, both
intervention groups presented statisteally significant results, p= 0004 and < (001 (Table 4).

Table 4. Effects of sugar cane honey, weekly iron supplementation and control on hemoglobin levels, and anerma
prevalence for anemie preschoolers, before and after intervention

Group A (n=21) Group B (n=2{0)) Group C (n=H)
Kugar cane howey Weekdy iran Coitrod
Variables  Before After P Before After P Before After P

I,ﬂj [g,ir;]'.:;r] GRDE12T 11372097 <0001 9.82+0.60 11582045 <0001 10.78%0.14 10601127 677
AvlEar T

. 9.34 10,93 11.34 10,09 9.91
1 ’ J 958, 10.06 ' \ ,
1044 1181 PR 182 11.46 11.29
Mean
INCTEASE 1N _
! L ! 1494099 1.76+0.85 SRS <0001
Meant 5D
ol 1.03, 1.36, -1.13,
: 1.94 2.16 078
Anemige 21 6 00014 20 4 <0001 8 4 0774

All numbers are absolute; Hb Hemoglobing SD standard deviation; C1 95% Confidence interval; * Based on paired
Student’s ~tests; " Based on 1-way analvsis of vamanee; © Anermuia defined as Hb concentration <110 g/dL; 4 Based
on Fisher's exact test (2-tatled); Pvalue between groups based on Fisher and Bonferront tests: Group A x
Group B = = 99, Group A x Group C = 0004,Group B x Group C < 0001,

In thas study the following mdicators were compared: intervention group A versus control, for a favorable
or adverse outcome (absence of anemia versus anermia). At the endpoint, adverse outcome was present in 100P% of
control subjects and 43% (group A) and 20% (group B) of expenmental subjects. The difference, the Reducuon
of Absolute Risk (RAR), was 57% for group A and 80F% for group B. The 95% confidence interval for this
difference ranged from 36.0 to 78.3% (group A) and 62.5 0 97.5% (group B). Relauve Risk (RR) was 0.63 and
(1,36 for the sugar cane and weekly supplementation groups, respectively. The Number Needed to Treat (NNT)
was 2 for group A and B. This means that one in every 2 preschoolers in the intervention groups benefited from
the intervention. The 95 % confidence interval for the NNT ranged from 1.3 to 28 (group A) and 1.0 1o 1.6
(group B).

4. Discussion

The objective of this study was to compare the effect of sugar cane honey given once daily versus once
weekly ron supplementation given once weekly versus control on mean Hb concentration and anerma prevalence
n preschoolers aged 2-3 years. At baselne, there were no stanstcally sigmificant differences between the groups
for age, pender, EBF duning the fiest 6 months of hife, mother's sehooling, and famuly ineome.

At the end of the mtervention, m the wtergroup and intragroup compansons, the following were
observed:

In the sugar cane honey group -

there was a sigmificant increase in mean Hb concentration (0050 g/dL);

there was a significant reduction in anemia prevalence, from 36,8 to 15.8%;

for the anemue preschoolers, mean merease in Hb concentration was 1.49 ¢ /dl;

15 out of 21 pﬂrlicipﬂntﬁ who were anemue at baselne had normal hemoglobin levels after intervention;
there was a suficant NINT of 2.

In the weekly iron supplementation group -

there was a sipmificant inerease in mean Hb concentration (L85 g/dL):

there was a significant reduction in anemia prevalence, from 45.5 to 9.1%;

for the anemic preschoolers, mean merease in Hb concentration was 1.76 g/dl;

16 out of 20 participants who were anemic at baseline had normal hemoglobin levels after mtervention;
there was a sigmificant NNT of 2.
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In the control group —

there was a significant decrease in mean Hb coneentration (<0074 g/dL);

there was a significant increase in anermia prevalence, from 16.7 1o 23400,

for the anemic preschoolers, mean decrease in Hb coneentration was -0.18 g/dL;
the number of anemic participants increased from 8 o 12 after intervention.

As far as our review of the literature showed, no randomized controlled trials have been conducted wath
sugrar cane honey. Nevertheless, Arcamo o af (2000, 10 a randomized, controlled double-blind trnal to measure the
effect of consumption of a beverage fortfied with evaporated sugarcane juice on hemoglobin levels in preschoal
children, observed sigmificant increase in hemoglobin levels, and decrease in IDA. A review eonducted by Jan &
Venkatasubramanian (2017) has idennfied sugar cane honey (sugarcane molasses) as a potental dietary
supplement for the management of IDA, due to its iron and its absorption enhancers, such as sulfur, fructose, and
copper. Another study by Waheed & Ahmad (2008) winessed that white sugar 15 a poor source of essential
elements, recommending the nroduction of molasses to the diet w achieve nurnnonal adequacy. Panela’, which
15 another non-centrifugal sugar, 15 produced 0 a similar manner o that of sugarcane honey (by means of boihng
and drying sugarcane juice); since panela is not subjected o a centrifugal process it retains all the natural nutrients
of sugarcane (calcum, chlonde, potassium, phosphorus, sodium, magnesium, tron, manganese, copper, #ne,
chromum, cobalt, vitarmin A, beta carotene, thiamin, riboflavin, macin, pantotheme acd and vitamin C) (De
Maria, 201 3). In view of this, the consumption of both panela and sugarcane honey may provide beneficial effects
through the ready absorption of the iron they contain in considerably high levels.

Weekly won supplementanon has aleeady been the object of different interventions with varying results.
In a randomized clinical tal performed by Hawamdeh o o/ (2013) to analyze three remmens of oral won therapy,
daly, onece weekly, and twice weekly, in 148 anemic cluldeen, aged between 6 and 60 months. The researchers
witnessed that the three groups of intervennon resolved their anemia in similar proportions at 3 and 12 weeks.
Another study conducted in India, a community-based cluster randomized control tnal o compare the
hemoglobin response with three different regames: 1) 20 mg ron and 100 mg folbe acid — once daily for 100 days,
2) 40 my won and 200 my fobe acd — once daly for 100 days, and 3) 40 mg won and 200 mg folic aod - once a
week for 15 weeks, in chuldren aged 3 to 5 years with muld or moderate anemea. After 50 days of intervention,
there was no difference between the groups. However, since baseline Hb values were not collected, and due to the
fact that this study did not compare the results with a control group, 1t s difficult o quanafy the effect of each
mtervention (Kapil ef af, 201 3).

A cluster-randomized study by Nogueira Arcanjo of of (20013) compared the effect of daily and weekly iron
supplementation with control, on hemoglobin values and anemia prevalence in both anemic and non-anermic
infants, aged 12 to 24 months. The authors concluded that both weekly and daily iron supplementation were
effective in mereasing hemoglolin levels and reducing anermia in mifants. Another randomized controlled tral was
conducted to compare the effects of weekly doses of 30 myg elemental won (40 doses) and two cyces of 20 daly
doses of 30 mg elemental iron separated by a four-month period (40 doses), in children under the age of 5 years;
the researchers concluded that both supplementanon repmens simificantly reduced the prevalence of anema
(Coutnho e af, 20013).

De-Regl & of (20011) performed a svstematic review 1o assess the effects of intermittent iron
supplementation, alone or in combination with other vitamins and minerals, on notrinonal and developmental
outcomes in children from birth o 12 years of age compared with a placebo, no intervention or daly
supplementation. The authors eoncluded that intermttent won supplementation 15 efficacions 1o improve
hemoglobin concentrations and reduce the nsk of having anemia or 1D when compared with a placebo or no
ntervention. However, since it 15 less effecuve than daily supplementation, its use 15 recommended in setings
where daly supplementation has fuled or has not been implemented.

Another review conducted by Lannowm o & (2006), to assess the health benefits and nsks of won
supplementation in eardy childhood, found that even though hemoglobin concentranons were improved with iron
supplementation among won-deficient or anemic children, problems of complance had been wennfied, hindenng
the implementaton of effective iron- qupp]t_mmlamm programs. As a result, the authors sugpested the use of diet-
based approaches for anemia preventon and eontrol.

Some limitations need to be H.l:l'i.l‘l.fm]Ll'ing and addressed regarding the present study. Many umfﬂundm.g
factors affect the outcome of Hb concentrations and anemia prevalence, such as illness, inconsistent eating habats,
penods of rapid growth, ete. Another important fact, the period of mtervention was short (lmated by the school
semester), 2 longer penod of ome may have presented more conclusive results; also, the ntervention was himited
ta school days (excluding weekends and holidays), in other words the intervention suffered constant mterruptions.
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Another possible hmitanion 15 that this study depended exclusively on Hb concentrations 1o measure
outcomes, without serum ferntin levels or soluble transferrin receptors, which measure ron stores in the
organism. However, the inclusion of these measurements would have implied operatonal difficulties and possibly
a lower number of partcipants in the study. However, despite these hmitatons our study was able to wdennfy
differences between the groups.

Both mterventions significantly inereased mean Hb concentration in a moderately anemic population of
infants in the northeast of Brazil (where anemia prevalence 1s usually high) compared o control, with a significant
decrease i anerma prevalence; most importantly, most of the partapants who were anemic at baseline were cured
after ntervention. However, since sugar cane honey is definitely a more pleasurable and tasty expenence
{especially for young children) it may be an easier intervention to implement, with greater adherence than
traditional supplementation regimes. Furthermore, it would be interesting to better investigate the other nutrients
present o sugar eane honey, to wdennly possible won absompuon enhancers, since this interventon achieved a
sigmuficant ncrease n Hb levels with a relanvely low ron mtake, 0088 mg/day. Thes study provides an mnovatve
low-cost strategy to treat and prevent DA, especally i sugarcane growing countnes (Braal, Indi, China,
Thailand, Pakistan, Mexico, Cuba, Columbia, Australia, USA, Philippines, South Africa, Argentina, Myanmar,
Bangladesh, etc.).

For several decades, different iron supplementation and fornficaton repimes have been implemented o
reduce 11, and despite these different strategmes in developing low- and maddle-income countres, it 15 sull the
most common cause of anemia worldwide; furthermore, untreated IDA may cause irreversible sequels especially
n young children. In view of this, there 15 an important and urgent need o find effecuve and innovatve low-cost
strategies for the preventon and treatment of 1DA. In our study, both sugar cane honey and weekly iron
supplementation provided a beneficial effect on Hb values, reducing the prevalence of anemia when compared o
control. Moreover, further studies are necessary to confirm the effectiveness of sugar cane honey interventions in
different populations on a larger scale.
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