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SUMMARY. The relative effectiveness of daily supplementation 
of iron deficiency during pregnancy using 15 mg/day of iron from 
iron-bis-glycinate chelate (71 pregnant women), or 40 mg iron from 
ferrous sulfate (74 pregnant women) was evaluated by measuring 
hemoglobin, transferrin saturation and serum ferritin, at the 
beginning of the study (<20 weeks of pregnancy) and at 20-30 weeks 
and 30-40 weeks thereafter. Ingestion for 13 weeks or more was 
considered adequate. Seventy three percent of the Ferrochel 
consuming group and 35% of the ferrous sulfate consuming group 
were considered to have taken the treatment adequately. The 
decrease in levels of all the measured parameters was significantly 
less pronounced in the group that consumed Ferrochel in spite of 
the lower treatment dose. Iron depletion was found in 30.8% of the 
women treated with Ferrochel and in 54.5% of the women than 
consumed ferrous sulfate. Of the factors responsible for non 
compliance taste was reported in 29.8% of the ferrous sulfate 
consumers and none in the groups that consumed Ferrochel. It is 
concluded that daily supplem entation with Ferrochel was 
significantly more effective, in spite of the lower dose, than 
supplementation with ferrous sulfate.
Key words:Ferrochel, iron supplementation, iron deficiency 
anemia, iron deficiency, pregnancy, Ferrochel's tolerance, Ferrochel 
effectiveness.

RESUMEN. Efectividad relativa del hierro bis-glicinato quelado 
(Ferrochel) y del sulfato ferroso en el control de la deficiencia 
de hierro en mujeres embarazadas. La efectividad relativa de la 
suplementación diaria con sulfato ferroso (FeS04) o con hierro 
aminoquelado (Ferrochel, FeAAC) se estudió en 145 mujeres de 
menos de 20 semanas de embarazo distribuidas en dos grupos. Un 
grupo (71 mujeres) fue suplementado con 15 mg de hierro por día 
provenientes de Ferrochel, y el otro (74 mujeres) con 40 mg de 
hierro por día provenientes de sulfato ferroso. Se efectuaron 
mediciones de hemoglobina, ferritina y saturación de trasferrina al 
ingreso al programa (<20 semanas de embarazo), entre 20-30 
semanas y entre 30-40 semanas. La ingesta ininterrumpida por 13 
semanas o más se consideró adecuada. La disminución en los valores 
de todos los parámetros medidos fue menor en el grupo tratado 
con Ferrochel, a pesar de que la  dosis fue mas pequeña. 
Depauperación de hierro se encontró en 30.8% de las mujeres 
tratadas con Ferrochel y en 54.5% de aquellas tratadas con sulfato 
ferroso. Entre los factores informados como responsables del 
abandono del tratamiento se encontró que el sabor fue el factor 
mas importante para las consumidoras de sulfato. Sabor indeseable 
no fue informado por las mujeres que consumieron Ferrochel. Se 
concluye que la suplem entación d iaria con Ferrochel fue 
sifnificativamente mas efectiva a pesar que la dosis usada fue menor 
que la dosis de sulfato ferroso.
Palabras clave: Ferrochel, suplementación con hierro, anemia 
ferropriva, deficiencia de hierro, embarazo, tolerancia a Ferrochel, 
efectividad del Ferrochel.

INTRODUCTION

Pregnant women constitute the m ost vulnerable group for 
iro n  d efic ien cy . A cc o rd in g  to  W H O  e s tim a te s  (1 ), in 
developing countries 56%  o f pregnant women suffer from 
iron deficiency anemia, which indicates that a m uch higher 
proportion may be iron deficient.

Iron deficiency anem ia affects the fetus and the pregnant 
m other leading to  im pairm ent in oxygen supply to the fetus 
favoring the developm ent o f  fetal hypoxia which has been 
associated with prematurity, low birth w eight and neonatal 
and perinatal death (2-5).

The increased need o f iron during pregnancy, specially 
afte r the second  trim ester, m akes iron  supp lem entation  
m a n d a to ry  (6 ). In  m any  c o u n tr ie s , in c lu d in g  B ra z il, 
m andatory supplem entation program s have been established 
to  co n tro l th e  d ev e lo p m e n t o f  iron  d e fic ien c y  d u rin g  
pregnancy (7). Follow ing W H O  suggestions (8), the iron 
com pound m ore frequently used is ferrous sulfate due to  its 
low cost and reasonable availability (9,10).

In spite o f  its efficiency from  a hem atological point o f 
view, ferrous sulfate supplem entation shows low efficacy for 
the control o f  iron deficiency anem ia (11,12), due to poor 
com pliance w ith the treatm ent because o f  its disagreable
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fla v o r  a n d  c o l la te ra l  e f fe c ts  su c h  as  n a u se a , v o m it, 
constipation, diarrhea, abdom inal pain.

B esid es  th e  above p rob lem s, u su a lly  the re  a re  also 
administrative problems such as deficient coverage in the health 
services, lack o f  com pliance and logistic problem s in the 
supplem ent distribution (6). It has to be stressed, that iron 
deficiency anem ia does not present specific signs or symptoms. 
This associated with the lack o f know ledge o f the general 
population on the importance of the disease for the health of 
the mother and the development o f the fetus, and the presence 
o f the normal discomfort associated with pregnancy results in 
a high rate o f abandonment o f the treatment.

Ideally , a supplem entation  w ith a w ell accepted  iron 
com pound accom panied with educational inform ation could 
im prove the com pliance o f the supplem entation resulting in 
a significant reduction in the prevalence o f  iron deficiency 
and iron deficiency anemia.

Brazil has endorsed the com prom ise to reduce by 30% 
the prevalence o f  iron deficiency during pregnancy before 
the year 2000  (6), and has m ade a g rea t e ffo rt fo r  the 
im plem entation o f alternative, efficient m easures that can 
be rapidly incorporated to the prenatal care program s, aiming 
at reaching the established goal o f iron deficiency reduction 
in pregnancy.

A m ong the possible alternatives to control iron deficiency, 
iron  b is-g ly c in e  che la te  (F errochel) has been  used  and 
successfully evaluated in Brazil in iron fortified foods (13,14). 
As a supplem ent has been tested in other countries and has 
shown a great efficacy in reducing iron deficiency and iron 
d e fic ien c y  a n e m ia  in very  sh o rt- tim e  tre a tm e n ts  w ith 
significantly low  doses (15).

Structurally, Ferrochel is a non-ionizable, non reducing 
co m p o u n d  o f  go o d  s ta b ility  th a t d o es n o t ch an g e  the 
organoleptic characteristics o f the foods in which it has been 
used as a fortificant. Formal testing using radiolabeled Ferrochel 
has shown the com pound to have a high bioavailability, 4-7 
times greater than that o f ferrous sulfate, and that its absorption 
is regulated by the iron stores in the body (16).

The present study was designed to com pare the efficacy 
o f iron supplem entation using ferrous sulfate or Ferrochel in 
the control o f iron deficiency during pregnancy.

M A T E R IA L  AND M E T H O D S

The study was conducted  in the com m unity o f  Santo 
A ndré in the State o f Sao Paulo, Brazil. It was designed as a 
prospective longitudinal study in a  cohort o f 145 pregnant 
women that assisted to the prenatal control program  in 6 of 
the 13 B asic H ealth  U nits that had the prenatal program s 
im plem ented.

The study was approved by the Ethics Com m ittee o f the 
Infant Assistance Foundation o f Santo A ndré (FAISA), that

is the institution responsible for the public health services of 
the locality. The study was carried out in a  random  sam ple 
o f pregnant women that volunteered to participate and that 
filled  the  fo llow ing  crite ria : a). L ess than 20  w eeks o f 
p regnancy  as reco rded  in the ir c lin ical reco rd , b). Low  
obstetric risk evaluated by absence of hypertension, diabetes 
and a num ber o f set clinical criteria, and c). N on use o f any 
iron supplem ent prior to  the enrollm ent in the Pregnancy 
Attention Program  (PAG). In 3 o f  the health posts, ferrous 
sulfate in a dose of 200 m g/day (40 mg iron), as recom m ended 
by the M inistry of H ealth o f  Brazil was given (7). In the 
other 3 health posts a supplem ent o f 75 mg o f  Ferrochel/day 
(15 mg iron), was given considering that on the bases of 
bioavailability this low er dose was equivalent to the 40 mg 
o f iron from  ferrous sulfate. The final num ber o f pregnant 
women per group o f  treatm ent is shown in Table 1.

TABLE 1
Com position of sample, tim e and source o f  supplem ent

Sample size Supplement source Elemental iron

74 pregnant women Ferrous sulfate 40 mg/day
71 pregnant women Ferrochel 15 mg/day

To prevent adm inistrative factors, the supplem ents wpre 
guaranteed to all w om en starting from  the 20th. w eek o f 
pregnancy.

A t the tim e of enrollm ent, each enrolled woman received 
a printed message on the im portance o f  anem ia and a form 
to register the daily intake o f supplement, and in the case the 
supplem ent was not taken an explanation o f the reason for 
non com pliance. A  copy o f the supplem ent intake form  was 
attached to the clinical record o f each pregnant women, and 
was actualized after each visit.

A t each  v isit, the a ttending  physician  re in fo rced  the 
in fo rm a tio n  to  each  w om en on the  im p o rta n ce  o f  the 
supp lem ent fo r her health  and .that o f  the fetus. H e/she 
personally supervised that the proper blood sam ple was taken 
for biochem ical analysis when required.

Hem atological m easurem ents w ere carried out in three 
occasions: a t the tim e o f  enrollm ent in the program  (less 
than 20 weeks o f pregnancy), between 20 and 29 weeks o f 
pregnancy, and at 30 or m ore weeks o f  pregnancy. Blood 
was extracted from  a cubital vein and dispensed into two 
tubes. One containing EDTA, was used for the photom etric 
determ ination o f hem oglobin  by the cyanm ethem oglobin 
procedure (17), and the other with no anticoagulant for the 
separation o f serum for the determ ination o f  iron, total iron 
binding capacity, and ferritin by standard m ethods (18,19). 
From  these data, transferrin saturation was calculated.
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As suggested by W HO (20), the criteria used to  establish 
the presence o f anem ia was a hem oglobin level low er than 
11 g/dL. A ll pregnant women with ferritin levels below  12 
pg/L  were consider to be iron depleted (18), and all those 
with transferrin saturation levels below 16% w ere consider 
to be iron deficient (21).

Follow ing the norm  adopted by the Prenatal A ttention 
P ro g ram , a su p p le m e n t in ta k e  fo r le a s t 13 w eeks was 
considered satisfactory (7).

RESULTS AND DISCUSSION

A bout 15% o f all pregnant women in the community of 
Santo André receive prenatal attention in the health centers. 
This means that about 1200 new pregnant women participate 
in the  P renata l A tten tio n  P rogram  per year. O sis e t al, 
com m ented that the majority o f women participating o f the 
public health centers in Brazil come from the population of 
lower familiar income and that this is the only service available 
to them  (22), We confirmed that about 40%  of the women 
studied referred an income of less than U.S. $ 100 per month. 
Sixty three percent o f these women did not complete elementary 
school (8 years). M ost o f the sampled women that worked (20%) 
were employed in general services or did domestic chores. Over 
20% o f the sample studied was conformed by adolescent women 
(less than 20 years), and 42% were primiparas.

The mean number of prenatal visits to the clinics was 6 and 
abou t 30%  did  not attend the clin ics w ith the m inim um  
frequency considered adequate for the control o f their pregnancy. 
This, o f  course, affected the total num ber o f blood samples 
analyzed.

A s stated before, good com pliance in  the supplem ent 
intake is affected negatively by a num ber o f  factors related to 
gastric effects, bad taste or administrative failure. The lack 
o f supplem ent in the Basic Health Units, and the im possibility 
o f  the  p regnant w om en to  buy it locally  are cited  as the 
p rin c ip a l causes o f  non com pliance in supp lem entation  
program s. G illespie, e t al, analyzing the supplem entation 
program s in India, observed that over 80% o f the treated 
women abandoned the program  due to  lack  of supplem ent 
(23). N unez de Cassana (24) also describes sim ilar reasons 
for non com pliance.

To prevent this type o f  problem , in the present study the 
d is trib u ted  supp lem ents w ere alw ays ava ilab le  and non 
com pliance was then due to other factors. T he adequacy of 
supplem ent in take was related to the type o f  supplem ent. 
Seventy three point two percent o f the women treated with 
Ferrochel consum ed the supplem ents for at least 13 weeks, 
while only 35.1 % o f those treated with ferrous sulfate reached 
the 13 week lim it. This is shown in Table 2.

Table 3 presents the frequency of factors responsible for 
noncom pliance as inform ed by the subjects.

TABLE 2
Adequacy o f supplem ent intake as related to iron source

Type of 
Treatment

n Adequacy of intake 
13 weeks or more

Inadequate intake 
less than 13 weeks

Ferrous sulfate 
Ferrochel

74
71

26 (35.1%) 
52 (73.2%)

48 (64.9%) 
19 (26.8%)

TABLE 3
Factors that affected com pliance o f  the supplem ent as 

related to iron source

Factor FeSO,4 FeAAC*

Nausea, womiting,diarrhea 5 (7.5%) 2 (2.9%)
Supplement’s taste 20 (29.8%) 0 (0.0%)
Abandon of prenatal care 18 (26.9%) 14 (20.9%)
Abortion, change of address
forgetfulness 5 (7.5%) 3 (4.5%)

Total 48 (71.6%) 19 (28.4%)

* FeAAC = Ferrochel

Faulty flavor was the principal factor of noncompliance in 
the group  o f  w om en tha t consum ed  the ferrous su lfate  
supplement. In contrast in the Ferrochel treated group, none of 
the women reported faulty flavor. Twice as many women 
reported nausea, vomit or diarrhea as a cause o f noncompliance 
when the supplement was ferrous sulfate than when it was 
Ferrochel.

One im portant factor to consider is that Ferrochel can be 
consum ed with food w ithout altering its bioavailability. This 
fact facilitates its use and may be a contributing factor for 
adequate intake o f  the supplement. Independent o f  the type 
o f treatment, desertion o f  prenatal attention was the principal 
cause for noncom pliance. .

The principal cause o f  inform ation loses was unexplained 
desertion from  the prenatal program . A  m ean o f 22% o f the 
registered women stopped their periodic visits to the Program  
o f A ssistance to Pregnant women. Five point five percent 
reported change o f address, fetal losses or plain forgetfulness 
for interrupting their assistance to the program.

Table 4 presents the mean values and standard deviations 
for hemoglobin and the iron deficiency indicators. From the 
second h a lf o f  gestation , fetal and p lacen tal grow th are 
responsible for the increased need of iron, and is at this stage 
that iron reserves may be depleted, and limitation in adequacy 
o f diet intake becom e m ore apparent. Hem oglobin concen­
tration is diminished up to the end o f pregnancy. The table 
shows that hemoglobin response was similar in both treatments, 
but the response in term s of serum ferritin and transferrin 
saturation was much better in the groups that received Ferrochel 
treatment, in spite o f the lower dose o f iron from the chelate.
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TABLE 4
Changes in concentration o f hem oglobin and serum ferritin and on percent saturation of transferrin during

pregnancy, as related to type o f iron supplem ent

Gestational age Hemoglobin, g/dL 
FeSO, FeAAC*

Serum ferritin pg/L 
FeSO, FeAAC*4

Transferrin saturation % 
FeSO. FeAAc*4

<20 weeks
mean ± s.d 12.3 ± 1.1 12.7 ± 1.0 38.0 + 30.4 38.4 + 35.1 29.2+13.2 27.6+13.0
(N) (65) (67) (58) (49) (64) (62)

20-29 weeks
mean ± s.d 11.4 + 0.7 11.9 + 0.7 14.7 ± 10.5 24.8 + 37.6 23.4+13.7 27 .9+16.4
(N) (40) (33) (33) (24) (37) (29)

30 weeks or more
mean ± s.d. 11.6 ± 1.3 11.9 + 0.9 10.8 + 8.1 14.3 + 10.7 17.7+ 11.1 22.8 ± 13.9
(N) (30) (25) (20) (20) (28) (28)

*FeAAC = Ferrochel. The sample size decreased as pregnancy progressed due to not attendance of some women for blood 
sampling and to losses of samples in the laboratories, as explained in the text.

T he d ia g n o sis  o f  iron  defic iency  du rin g  p regnancy  
presents som e difficulties due to the large intra-individual 
variation associated with the normal blood volume expansion 
during gestation. This may explain the large variability of 
the results obtained (25).

A c c o rd in g  to  M iln e , e t a l .(2 6 ) ,  se ru m  fe r r i t in  
concentration is the m ost sensitive test for the identification 
o f body reserves of iron. Furtherm ore, the decrease in ferritin 
confirm s the etiology o f the anemia.

Contrary to w hat has been described by Puolakka, et al. 
(27), a decrease in the levels o f  serum ferritin was observed 
which was m ore evident in the groups supplem ented with 
ferrous sulfate. This drop in serum ferritin reflects an increase 
in b lood volum e and a rapid  u tilization o f the body iron 
reserves which may becom e depleted during gestation, even 
in the absence o f anemia.

Blood iron transport as m easured by transferrin saturation 
also decreased being m ore m arked in the ferrous sulfate 
supplem ented group.

T he im portance o f  sam ple loss in spite o f  the am ple 
inform ation supplied to  the women enrolled in the program  
has to be stressed. There was some resistance to blood drawing 
which becam e evident even in the first laboratory examination 
(< 20 weeks o f  pregnancy), this becam e m ore serious as 
gestation progressed. As can be appreciated in Table 3, only 
about one third o f the enrolled women gave a blood sample 
at the third control (30 weeks o f gestation or more).

A ll these argum ents becom e m ore ev ident when one 
analyses only those women that in each group gave blood 
samples at the three different testing times. T he sam ple was 
further reduced by sam ple losses in the laboratory. The results 
o f this analysis are presented in Table 5.

This type o f problem was also reported by Papagallo and 
Bull (28) who observed lowering com pliance even when the 
only test they carried out was hem oglobin.

W hen one analyses only those women that have results 
for all the analysis from  the basal sam ple to the last, Table 5, 
there is a clear difference in response to the treatments. A t 
30 or m ore weeks o f  pregnancy the better effectiveness of 
the smaller dose of Ferrochel is clear. None of the biochemical 
param eters m easured was significantly reduced, while in the 
group using ferrous sulfate at higher dose this was not the 
case.Table 6 shows the distribution o f the pregnant women 
sample as related to the presence o f iron deficiency anem ia 
or iron  dep le tion  acco rd ing  to the type  o f  su p p lem en t 
ingested. H ere again, the greater efficacy o f the treatm ent 
with Ferrochel is evident, even when the dose was only about 
one third o f the dose o f ferrous sulfate.

A m ong w om en tha t d id  not consum e adequately  the 
supplem ent about 50%  had anem ia and practically all had 
iron depletion.

CONCLUSIONS

D esertion  from  the supplem entation program  is very 
common in the Brazilian public health services. In m ost cases 
medical consultation is related to pathological episodes and 
not by com pliance with the established program to follow 
the norm al developm ent o f pregnancy. This is specially true 
when blood collection data is analyzed since there is always 
a g rea t resis tan ce  to  b lood  sam pling . This resu lts  in a 
significant reduction of the initial sam ple as was shown in 
Tables 3, 4 and 5.
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The finding of low prevalence of iron deficiency in the 
f irs t  tr im e s te r  o f  p reg n a n cy  is n o t f re q u e n t. L ac k  o f 
com pliance in attending the health services, in taking the 
assigned  supplem ent, and in perm itting  b lood sam pling 
prevented the present study from reaching the starting goals.

Nonetheless, the results obtained strongly point to a higher 
efficacy o f  the chelated iron (Ferrochel) for which acceptance 
was not a problem . We im aging that the greater com pliance 
with the chelate may be due to the fact that the treatment 
can be taken with the m eals causing less negative gastric 
effects.

TABLE 5
Changes in concentration o f hem oglobin and serum ferritin and on percent saturation o f transferrin during

pregnancy, as related to type of iron supplem ent

Gestational age Hemoglobin, g/dL 
FeSO. FeAAC*

Seram ferritin [ig/L 
FeSO, FeAAC*

Transferrin saturation % 
FeSO, FeAAc*

<20 weeks
mean ± s.d 12.3 ± 1.09 ad 12.6+ 1.00 b 41.7 ± 34 .20  ce 43.2 ±41.80 29.9 ± 12.0 f 27.6 ± 12.0
(N) (23) (14) (21) (7) (22) (13)

20-29 weeks
mean ± s.d 11.4 ± 0.73 ad 11.9 ± 0.70 b 17.7 ± 10.50 c 16.5 + 11.01 23.3 ± 13.0 27.3 ± 14.2
(N) (40) (14) (22) (14) (22) (14)

30 or more
mean ± s.d. 11.6+ 1.27 12.2 ± 1.02 10.7 ± 8.14 e 15.1 ± 10.10 17.7 ± 11.1 Of 22.0 ± 16.3
(N) (23) (14) (17) (11) (21) (13)

These data refers to all those pregnant women in the sample that completed the three blood samplings of the study. The differences 
in sample size are due to laboratory loses of sample.
The bars indicate which differences are statistically significant. For ferrous sulfate, Hbl -Hb2 = 0.001; Hbl-Hb3 = 0.05. For 
Ferritin, For FeAAC, Hbl-Hb2 = 0.004. FeAAC = Ferrochel treated group.

TABLE 6
Presence o f iron deficiency anem ia or iron deficiency in 

pregnant women with 30 or m ore weeks of gestation, i 
according to treatm ent and adequacy of supplem ent intake

Adequacy of 
intake

Treatment Iron deficiency 
anemia

Iron depletion

Adequate FeSO, 2 (11.1%) 6 (54.5%)
FeAAC* 0 4 (30.8%)

Inadequate FeSO, 6 (50%) 8 (88.9%)
FeAAC* 3 (50%) 4 (100.0%)

* FeAAC = Ferrochel

6 .
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