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prevention of iron deficiency anemia in preschool children
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SUMMARY. In the present work, the effectiveness of consumption 
for 6 months of iron fortified sugar in the prevention or control of 
iron deficiency anemia was evaluated in 93 children (10-48 months 
old) attending a day care center in Sao Paulo, Brazil. Each child 
consumed 20 g of fortified sugar per day for 5 days a week in 
orange juice during breakfast. Two levels of fortification were tested 
using iron tris-glycinate chelate as the source of iron. Level one 
sugar contained 10 mg of iron /kg of sugar, and level 2, 100 mg of 
iron/kg. The children were assigned to either of the two groups. 
The first group (n=42) received level 1 sugar, and those of group 
two (n=52) received level 2 sugar. The daily iron intake 
corresponded to 2 and 20% of the RDA. At the end of the 6 months 
trial period, significant increases in weight/height ratio was observed 
in both groups. In the group consuming level 1 fortified sugar the 
mean change in hemoglobin concentration was 0,4 g/dL (from 11,3 
grams to 11,7 g/dL), and in the group consuming level two fortified 
sugar the mean hemoglobin increase was also 0,4 g/dL (from 11,6 
to 12,0 g/dL). Both changes were highly significant (p<0.001). When 
only the anemic children were considered (32/93), the increment 
of hemoglobin was l,4g/dL. In anemic children there was a 
significant increase in the levels of serum ferritin. The increase 
was more notorious in group 2 children. We verified that the 
acceptability of the iron-fortified sugar was excellent. There were 
no detectable changes in the organoleptic characteristics of the 
fortified sugar as compared with unfortified sugar. No differences 
in response were observed between the two groups indicating that 
probably the lower level of iron was absorbed more efficiently that 
the higher level. The iron tris-glycinate chelate was very well 
tolerated with no side effects registered. It was concluded that even 
with low iron levels, the consumption of iron fortified sugar is an 
effective, low cost intervention for the control and prevention of 
iron deficiency anemia in preschool children.
Key words: Ferrochel, sugar fortification, effectiveness of iron 
fortified sugar, iron deficiency anemia control.

RESUMEN. El uso de azúcar fortificado con hierro tris-glirinato 
quelado en la  prevención de anemia ferropriva en preescolares.
En el presente estudio se evaluó la efectividad del consumo por 6 
meses de azúcar fortificado con hierro tris-glicinato quelado en la 
prevención o control de anemia ferropriva en niños preescolares. 
Un total de 93 niños atendiendo una centro de cuidado diario fueron 
estudiados. Se utilizaron dos niveles de fortificación. En el nivel 1 
el azúcar fue fortificado con 10 mg de hierro /kg de azúcar, y en el 
nivel 2 con 100 mg de hierro /kg. Los niños se distribuyeron en dos 
grupos. Grupo 1 (42 niños) consumió azúcar con el nivel 1 de 
fortificación. El grupo dos (52 niños) consumió azúcar con el nivel 
2 de fortificación. En ambos grupos el azúcar fortificado fue usado 
por 5 días a la semana en jugo de naranja administrado durante el 
desayuno. El jugo de naranja contenía 20 de azúcar. Al final de los 
6 meses del estudio am bos grupos m ostraron increm entos 
significativos en la razón peso/talla y un incremento medio de 
hemoglobina de 0,4 g/dL. Esta diferencia fue altamente significativa 
(p>0.001). Cuando el incremento en hemoglobina de los niños con 
anemia (32/93) fue analizado, este incremento fue de 1,4 g/dL. 
Dado que am bos grupos tuvieron un increm ento igual en 
hemoglobina se postula que la absorción del hierro en dosis bajas 
es mas alta. En niñs anémicos hubo un increamenmte significative 
en la concentración de femtina en suero. Se pudo verificar que no 
hubo ningún cambio en las características organolépticas del azúcar 
fortificado, y que este fue excelentemente tolerado por todos los 
niños. Se concluye que el azúcar fortificado con hierro tris-glicinato 
quelado puede ser un medio efectivo de control o prevención de 
anemia ferropriva en niños preescolares.
Palabras clave: Ferrochel ‘ fortificación de azúcar, efectividad de 
azúcar fortificado con hierro, control de anemia ferropriva.

INTRODUCTION

Iron deficiency (ID) is a major public health concern due 
to its high prevalence and to the side effects it brings to the 
health of affected population groups. Many factors contribute 
to the high prevalence of ID in underdeveloped countries, 
among then, poor diets, diarrhea, intestinal infections and

intestinal parasites (1-4). All these factors significantly 
contribute to children morbidity (3).

There are many non-hematological effects of ID, such as 
decrease capacity for physical activity, and alterations in the 
learning process and in motor and mental development. ID 
also has a depressing effect on cellular immunity, resulting 
in increased susceptibility to infection (5-7).
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T he high prevalence o f  ID  makes it m andatory to seek 
new  in terventional strategies to  control de deficiency (3).

S tud ies carried  ou t by the W orld H ealth  O rganization 
(W H O ), have shown that ID  is a  m ajor cause o f  health related 
d isorders, and decreased w ork capacity leading to  significant 
econom ic loss in  m any populations. In the U nited States, 
15-20%  o f the population under 18 years o f age, suffers from  
ID , w hile in developing countries up to 51 % o f the population 
is affected (5,8).

In  Brazil, im portant changes in the nutritional status of 
the population have taken place in the last few decades. There 
has been  a g radual reduc tion  in child  m orta lity  rates, a 
d e c re a s e  in  th e  to ta l  p re v a le n c e  o f  p ro te in -e n e rg y  
m alnutrition, especially o f the chronic forms, but at the same 
tim e, the prevalence o f  iron deficiency has increased (8,9).

D ata  from  reg io n a l stud ies has show n th a t the h igh  
prevalence o f  iron deficiency anem ia is a national concern, 
affecting all social groups, but predom inantly in the m ost 
deprived population.

D uring the 80s, in the northeastern part o f the country, 
an e m ia  p rev a len c e  w as 20-75%  in p resc h o o l ch ild ren , 
depending on the studied region (9,10). In the Am azon region, 
approxim ately  50%  o f the preschool ch ildren population  
suffered from  this disease (11,12). In the Southern regions, 
where there is a high consum ption o f beef-based food, Turconi 
and Turconi (13), found that in the M unicipality o f Bento 
G onsalves, 37.4 % o f children aged 0-12 m onths suffered 
from  anemia, and that in the Federal D istrict o f Brasilia, in a 
study o f  279 children below 36 months o f  age attending public 
day-care centers the prevalence was 28.7%  (14).

In 1978, in the city o f Sao Paulo, Sigulem , et al, found an 
anem ia prevalence o f 22%  in children up to 5 years o f age 
(15), and ten years later, M ontero and Szarfac, studying a 
s im ila r  p o p u la tio n , fo u n d  th a t an em ia  p rev a len c e  h ad  
increased to 35,7%  (16). In 1992, the Sao Paulo State Health 
Agency, in a study that covered several areas o f  the State, 
found a prevalence o f  59,1 % in infants that attended the Basic 
Health Units (13,15,16). In another study, part o f the National 
Survey o f M alnutrition and Anemia, carried by the Nutritional 
and H ealth Research C enter o f  Sao M arcos U niversity in 
preschool children, it was found that in the city o f Sao Paulo, 
with the best economic indexes in the country, the prevalence 
o f anemia was up to 75% in children below 5 years o f age 
(14). A ll th ese  rep o rts  m ade it m andato ry  to  s ta rt iron  
supplementation and food fortification programs considered to 
be the most appropriate measures to control the deficiencies.

T he m ajor technical difficulty in planning a fortification 
program is the selection o f  the iron com pound to be used. 
W hen ch o o s in g  th e  iro n  co m p o u n d , th e  o rg an o le p tic  
alterations o f  the food  vehicle, its bioavailability  and its 
m arket price have to be evaluated (8, 24,37). The ideal food 
vehicle is regularly consum ed by the target population in

predictable am ounts.
The fortification o f foods with iron is the m ost effective 

m easure to  control the deficiency in a population. W ith this 
strategy, it is possible to reach all socioeconom ic groups (8).

Ferrous sulfate is the most frequently used iron salt, but 
other salts such as ferrous fum arate and lactate can also be 
u sed , a l th o u g h  a t a h ig h e r  co s t. S o d iu m  iro n  ED TA  
(NaFeEDTA) has been used in sugar fortification in Guatemala 
and in wheat flour in Egypt with limited success (18,8).

The developm ent o f  m ore physiological iron chelates, 
such as iron  bis- and  tris-g ly c in a te  che la tes opens new  
possib ilities  in food  fo rtifica tion , b ecau se  o f  its  h igher 
bioavailability and its lack o f  alteration o f the organoleptic 
characteristics o f the se lected  foods (17,18). W ith these 
com pounds, several types o f  foods have been tested in the 
last decade such as milk, sugar, bread, cookies, grains and 
salt (18-23,38).

In Brazil, several studies in food fortification with iron 
have been carried out in the last decade in an effort to find a 
viable way o f controlling iron deficiency in the population. 
In 1994, Fisberg, et al, w ere able to show that three m onths 
consum ption o f  “petit Suisse” cheese fortified with iron bis- 
glycinate chelate resulted in a significant decrease in anem ia 
prevalence in preschool children (24).

In 1995, T orres, et a l, ev a lu a ted  the im p ac t o f  the 
consum ption o f pow dered cow ’s m ilk fortified with iron bis- 
glycinate chelate on anem ia prevalence o f preschool children. 
The study carried out under the auspices o f the S tate o f  Sao 
Paulo Health A gency established that consum ption for one 
year o f fortified milk, significantly reduced the prevalence 
o f IDA in the studied population (17).

In the city o f Barueri, 1296 children ranging in age from 
6 m onths to 6 years were studied. E ight hundred and ninety 
six o f these children aged 4-6 years received bread fortified 
with 2 m g iron from  the bis-glycinate chelate, and 400, aged 
6 m onths to 3 years received cookies fortified with the same 
am ount o f chelated iron. A t the end o f the study it was found 
that the children that consum ed fortified bread had a mean 
increase in hem oglobin o f  0.74 g/dL, and those consum ing 
the fortified cookies 0.72 g/dL  (25).

In the present study w e tested the effectiveness o f  the 
consum ption o f sugar fortified with either 10 or 100 m g of 
iron per kg from  iron tris-glycinate chelate (a taste free iron 
chelate), on the iron nutritional status o f preschool children. 
A t the tim e o f the study, sugar fortified with 10 m g iron per 
kg was available in the Brazilian market. We also studied the 
effect o f  a tenfold increase in the iron fortification level.

MATERIAL AND METHODS

A day care center from  a Public Institution was chosen 
for the study. The sam ple was conform ed by 93 children aged
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10 to 48 m onths distributed in two groups. A  pediatrician 
carried out physical exam inations o f  all the children. The 
following factors were analyzed: clinical characteristics and 
signs related to previous and current diseases, anthropom etry, 
and hem atological condition. The pediatrician was in charge 
o f  supervision and training o f the personnel involved in the 
intervention program . In two o f the children in the sam ple no 
an th ropom etric  data w as co llec ted  due to  the ir frequen t 
absence at the tim e o f gathering the data.

A t the beginning o f the intervention and six months after, 
all the ch ild ren  w ere sub jected  to  clin ical exam ination , 
an th ro p o m etric  m easu rem en ts and labo ra to ry  tests . A ll 
children with hem oglobin levels < 9,0 g/dL w ere excluded 
from  the study, treated with ferrous sulfate and controlled by 
the pediatrician o f the project. During the observation period, 
no changes w ere made in the diet o f the day-care center, except 
for the use o f sugar fortified with iron tris-glycine chelate as 
a sw eetener in the orange ju ice  ingested by the children. 
Children that failed to attend the day-care center for m ore 
than 10 consecutive days or 18 nonconsecutive days w ere 
excluded from  the statistical analysis.

B lood  sam ples w ere co llec ted  by ven ipunctu re  on a 
peripheral vein using discardable materials. H em oglobin and 
ferritin determ inations w ere carried out at the beginning and 
end o f  the study (6 months). H em oglobin was m easured by 
a u to m a te d  p ro c e d u re s  (2 6 ), an d  se ru m  fe r r i t in  by 
radioim m unoassay (27). Children w ere considered anem ic 
when their hem oglobin levels w ere < 1 1  g/dL (28), and iron 
deficient w hen their serum ferritin levels w ere less than 10 
pg/L (8,27,29).

D ata on weight and height was collected at the beginning 
and end o f the trial. A digital, portable scale with capacity 
for 150 kg  w ith 50 g divisions w as used. C hildren  w ere 
weighed naked or wearing the m inim um  am ount o f  clothes 
possib le, w hen w eather was a concern . E stim ates o f  the 
anthropom etric ratios w eight for age (W /A), height for age 
(H/A) and w eight for height (W /H) w ere calculated using 
the program  EPI -  INFO 6,04 (CDC, Atlanta, GA, U.S.A.). 
The calculated z-score distribution was com pared with W HO 
reference standards (30).

Each child received 20 gram s o f sugar fortified with either 
10 m g o f iron /kg o f sugar (group 1), o r 100 m g o f iron /kg of 
sugar, both in orange juice. The iron used in the fortification 
was iron tris-g lycinate chela te  (A lbion Laboratories, Inc. 
Clearfield, U tah, U.S.A.). This is a taste-free com pound. The 
ingested fortified sugar provided 2% RDA o f iron for group 
1 and 20%  RDA for group 2.

T he com parison o f  the resu lts in the two groups was 
carried  out using param etric and nonparam etric statistics. 
Student “t”  test and two-way analysis o f  variance for a fixed 
significant level o f  5% (31-33).

The use o f  a staple food as a  vehicle for iron fortification 
has always been the goal o f researchers all over the world. 
The fortified food should be consum ed by every risk group 
in a continuous and controlled way, and should have low 
price. Thus, milk, flours, salt and others are being used for 
this purpose.

Sugar is, in fact, a natural option, for it fills the described 
characteristics. The use o f  ferrous salts in sugar deeply alters 
its o rgano lep tic  ch a rac teris tics  p reven ting  its use. This 
problem , was overcom e by the use o f  iron tris-g lycinate 
chelate since it produces only very slight variations in the 
physical characteristics o f sugar and no organoleptic change.

This intervention using iron-fortified sugar is only the 
second world’s trial and the first to overcom e the organoleptic 
problems. Sugar fortified with 10 mg o f  iron from  the am ino 
acid chelated per kg was already available in the Brazilian 
market. Sugar fortified with 100 mg iron /  kg o f  sugar was 
specifically prepared for this study.

Table I shows the anthropom etric characteristics o f the 
population studied.

TABLE 1

RESULTS AND DISCUSSION

Anthropom etric characteristics o f the children enrolled 
in the study

Group Age, months 
mean ± S.D. 

(Range)

Weight, kg 
mean ± S.D. 

(Range)

Height, cm 
mean ± S.D. 

(Range)

1 29,2 ± 9,5 12,9 ± 2,2 89,2 ±8,1
(11,7-40,8) (9,2-17,5) (73,0-102,5)

2 31,4 ± 10,0 13,7 ±2,4 91,7 ±9,0
(10,4-44,8) (9,1-18,7) (71,5-103;5)

P* n.s. n.s. n.s.

Student's “t” test for independent samples

It is noteworthy that in the present study the acceptability 
o f the fortified sugar was excellent regardless o f the iron dose 
used. There was no detectable change in taste in the orange 
juice, or side effect due to the use o f the fortified sugar.

A t the beginning o f  the study, the selected population 
presented a prevalence o f  anem ia o f  33.3% . This value was 
lower than that previously obtained by Torres, e t al, (17), 
but very sim ilar to the values previously obtained in the cities 
o f Barueri (34,35) and Brasilia (14).

In the present study, despite the low level o f  iron added 
to  th e  su g a r  (2  an d  20%  R D A ), a m ean  in c re a se  in 
h e m o g lo b in  le v e ls , o f  0 .4 0  g /d L  in  th e  s ix -m o n th  
consum ption  period  w as observed  in  both  groups. This 
increase is very close to that obtained in a sim ilar tim e with 
m ilk fortified with this sam e iron chelate. Studies conducted
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by us and several other groups have shown that even with 
higher fortification levels in milk, the increase in hemoglobin 
in a six-month period is about 0.5 g/ dL. (17,19,).

A fter the intervention with iron-fortified sugar, there was 
a mean decrease in the prevalence of anem ia of 43.8%  for 
group 1, which received the lower dose o f iron, and o f 66.7% 
for group 2. The total mean prevalence of anemia, came down 
from 33.3 to 18.3%. (Table 2).

TABLE 2
Effect o f intervention on the prevalence levels o f low 

hem oglobin levels

Group Hb basal 
N (%)

Hb post Tx
N (%)

Prevalence 
change (%)

1 < 11 16 (38,1) 7 (16,7) -43,8
>11 26 (61,9) 35 (83,3) +34,6

2 < 11 15 (29,4) 10(19,6) -66,7
>11 36 (70,6) 41 (80,4) +13,9

Total <11 31 (33,3) 17 (18,3) -54,8

ANOVA shows that the differences before and after treatment are 
significant, p = 0.01

If  only anem ic ch ildren  are analyzed, the increase in 
hem oglobin values obtained in the six months period o f sugar 
consum ption is 1.3 g/dL for group 1 and 1.5 g/dL for group
2. These results are highly significant, with the advantage 
that they can be achieved with a  much lower cost and with 
no side effects (35). M oreover, the mean hem oglobin level 
reached normal values in both groups, with no significant 
difference between the groups (Figure 1).

FIGURE 1
Effect o f 6 m onths consum ption o f 20 g of fortified sugar 

per day on hem oglobin levels

10 mg Fe/kg sugar 100 mg Fe/kg sugar

In the group, as a whole, there was no significant change 
in body iron reserves as m easured by serum ferritin levels. 
M ost probably, the period of intervention with levels o f iron 
that are a small fraction o f  the RDA was not long enough to 
a lte r  iron  rese rv es. H ow ever, w hen ch ild ren  w ith iron  
deficiency at the beginning o f intervention were analyzed, 
there was a significant increase in ferritin from 5,0 to 12,2 
pg/L for group 1 and from 6,5 to 15,9 pg/L for group 2 (Figure 
2). This shows a trend toward norm alization o f  ferritin values 
in children with iron deficiency (36).

FIGURE 2
Effect o f 6 months consum ption o f 20 g/day of iron 

fortified sugar on serum ferritin levels o f iron deficient 
children

The trend tow ards increasing hem oglobin and ferritin 
levels o f the children studied, do not seem to be related to 
the dose o f iron used. This may be a reflection o f the small 
doses used, since even with a fortification level o f 100 mg 
iron per kg o f sugar, the iron contribution in the dose taken 
represents only 20%  o f the iron RDA, and it is a know  
phenom enon that at low levels, iron is absorbed more.

W hen assessing the anthropom etric results o f only those 
children considered at nutritional risk at the beginning o f the 
trial, only group 1 presented a significant progress for the 
w eight/height ratio. The biologically m eaning o f these results 
may not have any im portant significance because o f  the short 
tim e o f treatment. There was no relationship between anem ia 
prevalence and nutritional status, probably due to the general 
adequate nutritional level o f the population at the beginning 
o f the trial.

As it was already mentioned, sugar is considered a staple 
food, w ith  low  cost, th a t can be easily  d is trib u ted  for 
popu la tions at risk . Several stud ies have show n tha t its 
adequate use is not related to increase in prevalence o f obesity 
or tooth decay (18,36).



58 de PAULA y FISBERG

T he search fo r an effective iron  com pound w ith good 
b ioavailab ility  and o f  un iversal application  has been the 
objective o f  w orldwide research (5). The results obtained in 
this study show that the use o f iron tris-glycinate chelate to  
fortify sugar is an extrem ely useful alternative for the control 
o f  iron deficiency anemia.

The fortification o f  sugar with iron tris-glycinate chelate 
is very satisfactory in preventing iron  deficiency anem ia. 
T here  is no de tec tab le  a lte ra tion  in  the flavor o r in the 
organoleptic characteristics o f  sugar. There is a very slight 
change in color that does not prevent its acceptance in our 
day-care center. How ever, after m onths o f  storage o f the 
fortified sugar, there was a tendency for the form ation of dark 
or yellow ish dots in  the inner part o f the packaging. This 
may affect the com m ercial aspect o f the product, but does 
not m odify the good results obtained in the present trial. We 
have to point out that the sugar used in Brazil is very white 
and pow dered. For general crystallized sugar fortification, 
the necessary technology has been developed considering the 
specific characteristics o f  local sugar to prevent these changes 
from  happening.

T he trial using sugar fortified  w ith iron tris-g lycinate 
chelate resulted in a significant increase in hem oglobin levels 
and in  a reduc tion  in  anem ia prevalence. T here was no 
observable dose related effect, m aybe because o f the very 
low  re la tiv e  doses o f  iron  used . A s expected  from  an 
absorption and regulation  po in t o f  view, the effects w ere 
e v id en t on ly  in  c h ild ren  w ho p rese n ted  an em ia  at the  
beginning o f  the trial.

No side effects w ere encountered during the duration o f 
the trial w ith either level o f sugar fortification. On the contrary, 
th e re  w as an ex ce llen t to le rab ility  and accep tance. W e 
conclude, therefore, that sugar fortified with iron tris-glycinate 
chelate in low  doses, is an effective m eans in preventing iron 
deficiency anem ia in populations at risk.
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