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Abstract: Background: Strategies to prevent anaemia in preterm infants include drawing fewer 
blood samples, the use of recombinant human erythropoietin and iron supplementation. Although 
iron sulfate is the most commonly used pharmaceutical formulation for iron supplementation, there 
are few studies comparing different iron salts in infants. 

Objective: This is a study of retrospective data comparison of two groups of preterm infants receiv-
ing erythropoietin to evaluate the efficacy of iron bisglycinate chelate to iron sulfate. 

Subjects and Methods: Three-hundred infants of gestational age ≤32 weeks were enrolled: 225 
were supplemented with iron sulfate (3 mg/kg/day) and 75 were supplemented with iron bisglyci-
nate chelate (0.75 mg/kg/day). The effect on erythropoiesis was assessed with a general linear 
model that estimates the response variables (values for Haemoglobin, Haematocrit, absolute values 
and percentage Reticulocytes, Reticulocyte Haemoglobin content) based on treatment, time, birth 
weight, and gestational age. 

Results: Supplementation with iron bisglycinate chelate at a dose of 0.75 mg/kg/day demonstrated 
an efficacy comparable to iron sulfate at a dose of 3 mg/kg/day in both populations of preterm in-
fants. The two cohorts had similar erythropoietic response, without significant differences. 

Conclusions: The higher bioavailability of iron bisglycinate chelate resulted in a lower load of 
elemental iron, a quarter of the dose, and achieved equivalent efficacy compared to iron sulfate. 
Iron bisglycinate chelate may appear to be an alternative to iron sulfate in the prevention and treat-
ment of preterm newborn anaemia. 
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1. INTRODUCTION 

 More than 65% of preterm newborns develop Iron Defi-
ciency (ID), earlier than full-term newborns [1]. Preterm 
newborns have poor iron stores at birth, as 80% of the iron is 
acquired by the foetus in the third trimester of pregnancy. 
The frequent blood sample drawings associated with an in-
adequate intake of iron and rapid postnatal growth contribute 
to developing ID and subsequent Iron Deficiency Anaemia 
(IDA) [2-4]. Furthermore, while nadir haemoglobin values  
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(Hb) in full-term infants are reached between the 6th and 8th 
week of life, in preterm infants it appears around the 4th 
week of life, dropping to values as low as 7-8 g/dL [5]. To 
prevent iron shortage, delayed clamping of the umbilical 
cord may be useful [6]; limiting the number of blood sam-
ples, by using micro methods and having available labora-
tory areas dedicated to newborn tests is fundamental. 
 Prophylactic iron supplementation has been universally 
demonstrated to be essential for prevention of the onset of ID 
and IDA in preterm infants. Although the need for iron 
treatment is indisputable, there is still no clear agreement on 
the kind of iron compound and preparation, the dosage/kg of 
elemental iron, the starting time of the supplementation with 
respect to efficacy, safety, tolerability, and cost [7-10]. 
Among iron preparations, iron sulfate remains the standard 
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treatment in the prevention of anaemia [11, 12]. Studies in 
children and adults suggest that iron bisglycinate chelate 
could be a viable alternative to iron sulfate in terms of effi-
cacy and tolerability. Iron bisglycinate chelate has a ferrous 
iron molecule bonded to two molecules of glycine, forming 
two heterocyclic rings. The amino acid chelating coating is 
digested only in the intestine, thereby optimising the absorp-
tion. As iron sulfate has not been available in our hospital 
since August 2013, we started adminstering iron bisglycinate 
for prophylaxis instead. To determine whether the use of iron 
bisglycinate is a viable alternative for preterm infants, we 
report the complete blood count values from this retrospec-
tive cohort study of preterm infants receiving iron prophy-
laxis, using ferrous sulfate (Fe-sol) to ferrous bisglycinate 
chelate (Fe-bis). 

2. MATERIAL AND METHODS 

 This is a study of retrospective data comparison of two 
groups of preterm infants.  The Fe-sol cohort was developed  
from April 2006 to July 2013. The Fe-bis cohort was devel-
oped  between August 2013 and December 2014.  Both co-
horts included all babies ≤32 weeks and >26 weeks of gesta-
tional age (GA) at birth admitted to our Neonatal Intensive 
Care Unit at the University Hospital Città della Salute e della 

Scienza of Turin (Italy). Exclusion criteria were infants born 
with any malformations, expired before receiving treatment, 
alloimmunization and treatment with intravenous (IV) iron 
saccharate (Venofer - Vifor France). Infants receiving both 
iron formulations during the transition period when they 
were switched from one product to another were also ex-
cluded. We used iron sulfate (Fer-in-sol drops - Mead John-
son Nutrition - USA) until August 2013; thereafter, we used 
iron bisglycinate chelate in drops (Tecnofer drops for chil-
dren - Laboratori Baldacci - Pisa - Italy). Patient data were 
collected retrospectively through medical records.. Specific 
approval by local ethical commitee was not required as ob-
servational study performed during diagnostic follow up 
(prot n. 24316/C28.1; website: www.cittadellasalute.to.it). 
Since there were no problems recruiting controls it was de-
cided to match 1: 3 to increase the power of work. 
 Recruitment of infants is shown in (Fig. 1). Non-invasive 
monitoring techniques, micro methods for performance of 
the laboratory tests to reduce the loss of iatrogenic blood and 
restrictive transfusion practices were used in all infants ac-
cording to internal guidelines. Our nutritional policy includes 
parenteral nutrition, breast milk fortified with protein and 
mineral supplements in accordance with the usual specifica-
tions (FM 85 - Nestlé and PROTIFAR - Nutricia - Nether-

 
Fig. (1). Selection of newborns included in the study. 
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lands), and, in the case of hypogalactia/agalactia, babies 
were fed with enriched formula for preterm infants (Prenid-
ina Ospedale - Nestlé). In addition, all infants received mul-
tivitamin supplements with 100 mcg/day of folic acid.  Nev-
ertheless, we can state that from 2006 to 2014 care protocols 
have not been changed as there are no differences in nutri-
tion between the two groups. 
 Administration of recombinant Human Erythropoietin 
(rHuEPO): Starting at 7-10 days of age, all the infants were 
treated with rHuEPO (epoetin beta - Neorecormon - Roche) 
at a dose of 250 U/kg subcutaneously three times a week 
according to local guidelines [13]. 
 Iron Intake. As in usual local clinical practice, iron sup-
plementation was started when the Reticulocyte Haemoglo-
bin content (CHr) values reached 30-32 pg. Prophylaxis was 
carried out according to the indications of the pharmaceutical 
companies manufacturing the two products: iron sulfate 
3drops/kg/day (equivalent to 3 mg/kg/day of elemental iron), 
iron bisglycinate chelate 3 drops/kg/day (equivalent to 0.75 
mg/kg/day of elemental iron). When the CHr values were 
less than 30 pg, the iron dose was increased by 1 
drop/kg/day. 
 Clinical and Laboratory Investigations: The Complete 
Blood Count tests were performed weekly from birth to dis-
charge, according to routine medical assistance. The first 
blood sample was often collected through umbilical venous 
catheter, while subsequent samples from heel capillary blood 
collections. The 0.5 ml blood sample was collected in micro-
tubes with EDTA (S-Monovette - Sarstedt - Germany). The 
samples obtained were processed with ADVIA 2120 innova-
tion Hematology System - Siemens-Germany analyser.For 
each examination, Hb (g/dL), Haematocrit (HCT) (%), abso-
lute Reticulocyte count (Ret. tot.) (109litre value) and per-
centage Reticulocyte value (Ret. perc.) (%) were assessed as 

indicators of haematopoiesis [14-16] and the CHr (pg) as an 
indicator of iron status [7, 13, 17, 18]. The start date of the 
iron supplementation, and the dosage at the beginning and at 
discharge (expressed in drops/kg) were collected. The num-
ber of infants who had blood transfusions was identified. We 
refer to the blood transfusion protocol of the Italian Society 
of Neonatology [19]. Data relating to breastfeeding at dis-
charge (maternal or formula) were also collected. 
 Side effects: We monitored for side effects potentially 
related to the use of iron including necrotizing enterocolitis 
and retinopathy of the prematurity. 
 Statistical Analysis. Birth weight was expressed as a z-
score, using the INeS charts as reference in order to correct 
for sex, GA, and parity (firstborn/laterborn) [20]. At first 
descriptive analyses were done by computing the Hb, HCT, 
Ret. tot. or perc., and CHr raw means and their confidence 
intervals (95%), by cohort (Fe-bis and Fe-sol) and sample 
order (regardless of the GA at which the sample was taken). 
A more detailed analysis was carried out by estimating the 
treatment effect on the blood profile with a general linear 
model in which the response variable (Hb, HCT, Ret. tot. 
and perc., and CHr value) was estimated as a function of: 
cohort, time (square root of age at sample-taking), class of 
birth weight (2 classes: z-score greater than or less than 
zero), GA class (2 classes: ≤29 and ≥30 completed weeks). 
The different interactions between the variables and the sub-
jects were also included in the model as covariates. 

3. RESULTS 

 Characteristics of the two cohorts are listed in Table 1. 
Figure 2 reports haematological values observed in each 
consequent blood sample for both cohorts. A progressive 
reduction of mean Hb and HCT was observed until the 6th

 

week of age in both cohorts after which values stabilised 

Table 1. Characteristics of the newborns included in the study by group. 

  Fe-sol (N=225) Fe-bis (N=75) 
Males, n(%) 111 (49%) 39 (52%) 

GA (wks), median (range) 30 (26-32) 30 (26-32) 
Birth Weight (g), mean±ES 1315±20.4 1334±37.8 

Birth weight (z-score*), mean±ES -0,20±0.06 -0,14±0.12 
Newborns Blood transfused, n (%) 10 (4) 2 (3) 

Exclusive Breastfed at discharge, n (%) 46 (20) 20 (27) 
Age at first examination(days), median (range) 1(0-4)  1 (0-8) 

Age at start of iron supplementation (days), median (range) 15 (3-65) 16 (4-61) 
Age at discharge, median (range) 41 (12-137) 38 (17-107) 

Age at start of therapy with rHuEPO, median (range) 12 (1-63) 11 (5-33) 
Age at the end of therapy with rHuEPO, median (range) 43 (18-102) 37 (17-106) 

Hemochrome, n (range) 5 (2-10) 5 (2-10) 
Dose at start of therapy (mg/Kg/die), mean±ES 2.75±0.043 0.72±0.018 

*Reference: INeS charts [20]. 
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respectively at 11 g/dL and 35% (approximately at the 7th 
sample) (Figs. 2a and b). The ret. tot. and perc. (Figs. 2c and 
d) were reduced during the first week, but their mean values 
increased between the second and the third week. The CHr 
mean values showed an initial reduction in the first two 
weeks of age, followed by stable values thereafter in both 
cohorts (Fig. 2e). 
 The general linear model explains about 80% of the ob-
served variability of Hb and HCT values (R-square: 0.78 and 
0.75 respectively), about 70% of the CHr values (R-Square: 
0.69), and less than 35% of the ret. tot. and perc. values (R-
square: 0.34 and 0.33 respectively). All the five hema-
topoietic variables analysed are significantly influenced by 
the age at sample-taking and by the class of birth weight. On 
the other hand, the two cohorts (Fe-sol, Fe-bis) did not show 

significant differences in the observation period for all the 
considered variables. No patient died during the treatment 
period. 

4. DISCUSSION 

 ID and IDA in the infants have a negative impact on 
long-term behavioural and neurocognitive development. 
They can also be associated with acoustic nerve fibres and 
hippocampus alterations. The etiopathogenetic origin of the 
neurological damage can be traced back to the essential role 
of iron in the neuronal energy metabolism, in the functional-
ity of the neurotransmitters, and in myelination [1, 21, 22]. It 
has been shown that iron supplementation in premature in-
fants allows higher levels of Hb and greater iron deposits to 
be attained, and a lower risk of developing ID and IDA [7, 

 
Fig. (2). Row mean and their IC (95%) of hemoglobin (a), hematocrit (b), reticulocytes (c), reticulocytes % (d), reticulocyte hemoglobin 
content (e) by number of test (#test) and group (Fe-bis: grey, Fe-sol: black). 
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23, 24].
 
Thus,

 
prophylactic iron supplementation must be 

practiced in the majority of preterm infants to prevent the 
onset of ID and IDA [7]. On the other hand, in full-term in-
fants with appropriate birth weight, iron stores present at 
birth will support an adequate haematopoiesis until the 6th 
month of age, so iron supplementation is usually not neces-
sary. In preterm infants with early iron supplementation, iron 
stores at 2-3 weeks of age is three times greater compared to 
iron stores of preterm infants with later supplementation. 
These data suggest that early compared to late iron supple-
mentation has better iron stores, but the iron stores are still 
lower if compared to the iron stores of full-term infants [25-
28]. International guidelines suggest that a minimum of 2-4 
mg/kg of oral elemental iron per day is needed to prevent ID 
[8-10]. The European Society for Paediatric Gastroenterol-
ogy, Hepatology and Nutrition recommends starting iron 
supplementation at 2-6 weeks of age (2-4 weeks in infants 
with very low birth weight) and must be continued after dis-
charge until at least 6-12 months of age, depending on the 
toddler diet. Iron sulfate is the most common oral supple-
ment. To our knowledge, there are no studies that have es-
tablished the superiority of one iron compound compared to 
others for iron supplementation in childhood and infants [29-
31]. Due to its high bioavailability, the iron bisglycinate 
chelate may be a viable alternative to iron sulfate in terms of 
efficacy and tolerability [32-37].

 
Pineda performed a clinical 

trial on children aged 6-36 months and observed the 
bioavailability of iron bisglycinate chelate at 90.9%, whereas 
that of iron sulfate at only 26.7% [33].

 
Moreover Bovell, in a 

study on adolescents, demonstrated that iron bisglycinate 
chelate when added to food was absorbed four times better 
than iron sulfate, maintaining its efficacy on haematopoiesis 
[34].

.
 In 2014, Duque assessed a cohort of children at risk of 

IDA receiving iron sulfate or bisglycinate chelate iron at the 
same dosage: only the bisglycinate chelate iron cohort 
showed significantly higher ferritin concentration [36]. The 
same results emerged from other recent studies performed on 
adults [35, 37-39]. To our knowledge, only one clinical trial 
was conducted on preterm infants comparing iron sulfate to 
polysaccharide iron demonstrating that the two compounds 
had the same efficacy on Hb, serum iron and ferritin values, 
but the polysaccharide iron had a better tolerability [40]. 
 In our study, the supplementation was started early at 15 
days of age in both cohorts, as recommended by the most 
recent literature [25-28]. The percentages of infants receiv-
ing transfusions in the two cohorts were comparable. The 
assessment of the incidence of necrotizing enterocolitis and 
retinopathy of prematurity in the two populations was not 
among the primary objectives of the study, but evaluated as 
possible side effects; however, data on all infants admitted to 
our centre showed no difference between the two cohorts. 
Further, the rates of necrotizing enterocolitis and retinopathy 
of prematurity in both cohorts were inferior compared to the 
rates reported by the Vermont Oxford Network [41]. Treat-
ment with two compounds did not show significant differ-
ences; in particular, the values of the haemopoietic variables 
were comparable. A progressive reduction of Hb and HCT 
was observed after 6 weeks of age in both cohorts, as ex-
pected in both preterm and term newborn. The ret. tot. and 
perc. were reduced during the first week, but their mean val-
ues increased between the second and the third week when 

treatment with rHuEPO and iron supplementation was initi-
ated. Consequently, after the 6th week of age we observed a 
stabilisation of the Hb and HCT values, which is a sign of an 
adequate iron supplementation. The CHr mean values 
showed an initial reduction indicating a relative depletion of 
iron stores, followed by stable parameters in both cohorts. It 
is noteworthy that in our population no infant had a CHr 
value less than 29 pg, which is the threshold value estab-
lished as an early marker of ID [42]. This data should be 
interpreted both as a sign of adequate iron supplementation 
and an optimal adjustment of the iron dose according to the 
CHr value modification for the weight increase. 
 As expected, all the five hematopoietic variables ana-
lysed were significantly influenced by the age of infant at the 
time of the sample-taking and by the class of birth weight. 
No significant differences were observed between the two 
treatments. 
 In our patients, treatment with iron bisglycinate chelate 
demonstrated an equivalent haematopoietic response com-
pared to iron sulfate when administered approximately at 
quarter of the dose: 0.75 mg/kg/day compared to 3 
mg/kg/day. This observation suggests that iron bisglycinate 
chelate is better absorbed than iron sulfate, maintaining 
equal efficacy even in premature infants. Data from previous 
studies mainly conducted in children and adults were consis-
tent with our findings, but our study was carried out exclu-
sively on preterm infants and had larger cohorts compared to 
previous studies. The efficacy at lower doses may also en-
sure better tolerability. The administered dose at the begin-
ning of the supplementation period did not require an in-
crease over time, at least until discharge. 
 Limitations of this study are the potential bias inherent in 
non-randomised studies, and the possibility that there were 
changes in management practices (e.g. lipids composition of 
parenteral nutrition, light source for phototherapy) over the 
duration of the study which may have affected the cohorts 
differently as they were not contemporaneous. Nevertheless, 
our main care protocols underwent minor changes from 2006 
to 2014 as well as our nutrition policy and the methods of 
blood collection and analysis of the samples. Moreover, even 
if there were no GA-related inclusion criteria, in our popula-
tion we observed only preterm infants with GA>26 weeks, as 
premature infants of lower GA received iron supplementa-
tion more frequently intravenously especially in the early 
stages of supplementation. 
 Variable number of blood samples were recorded de-
pending on both the GA at birth and the infants’ clinical 
conditions that sometimes warranted additional blood counts 
as well as increased hospital stay. Only a small number of 
infants had up to 10 samples drawn, which led to an increase 
of imprecision in the data mean estimation and resulted in a 
wide Confidence Interval (95%). 

CONCLUSION 

 In conclusion, iron bisglycinate chelate treatment at a 
dose of 0.75 mg/kg/day showed equal efficacy compared to 
iron sulfate treatment at a dose of 3 mg/kg/day in the haema-
topoietic response in preterm infants of GA≤32 weeks. This 
reduced dose may have avoided iron overload and potential 
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adverse effects. Iron bisglycinate chelate may be considered 
a valid alternative to iron sulfate in the prevention and treat-
ment of preterm newborn anaemia. It would be appropriate 
to conduct randomised controlled clinical trials to compare 
other iron compounds to iron bisglycinate chelate in preterm 
infants. Further studies should monitor infants for a longer 
period of time beyond the hospital stay in order to assess 
treatment responses over time. Similar studies may be useful 
to evaluate the efficacy of bisglycinate-chelate in other 
NICU settings where no routine use of EPO is practiced. 

LIST OF ABBREVIATIONS 

CHr = Reticulocyte Haemoglobin Content 
GA = Gestational Age 
Hb = Haemoglobin 
HCT = Hematocrit 
ID = Iron Deficiency 
IDA = Iron Deficiency Anaemia 
IV = Intravenous 
Ret. perc.  = Reticulocyte Percent 
Ret. tot. = Reticulocyte Total Count 
rHuEPO = Recombinant Human Erythropoietin 
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