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Abstract. – OBJECTIVE: This study aimed 
at evaluating the effects obtained by adminis-
tering 30 mg of micronised dispersible ferric 
pyrophosphate plus 300 mg of alpha-lactalbu-
min (MDFP-AL) compared to 80 mg of ferrous 
gluconate (FG) in pregnant women affected by 
iron-deficiency anemia (IDA).

PATIENTS AND METHODS: We considered el-
igible all second-trimester singleton pregnan-
cies in women affected by IDA. We excluded any 
other disease, twin pregnancies, any other phar-
macologic/nutraceutical treatments (besides fo-
lic acid) before/during pregnancy. We random-
ized patients in two groups: one underwent 
treatment with 1 tablet of MDFP-AL/day, the oth-
er one with 1 tablet of FG/day, for 30 days. We 
evaluated hemoglobin (Hb), ferritin, red blood 
cells (RBCs), serum iron, hematocrit (Hct), and 
side effects at baseline (T0), after 15 days (T1) 
and 30 days (T2).

RESULTS: 50 women met the inclusion/exclu-
sion criteria. We did not observe significant dif-
ferences between the two groups for mean age, 
gestational age at the enrollment and parity. In 
MDFP-AL group, after 15 days (T1) Hb, ferritin, 
serum iron and Hct and were significantly im-
proved respect to baseline (T0); after 30 days 
(T2), all the parameters, including RBCs, were 
significantly improved respect to baseline (T0). 
Similarly, in FG group the investigated param-
eters were improved both after 15 (T1) and 30 
days (T2) respect to baseline (T0), although less 
in percentage terms respect to MDFP-AL group. 
The side effects rate was 24% in FG group, 
whereas MDFP-AL group did not show any sig-
nificant side effect. 

CONCLUSIONS: Overall, MDFP-AL is more ef-
fective and safe than FG for the treatment of IDA 
in pregnant women.
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Introduction

Iron deficiency is the most common cause of 
anemia in the world and represents a major chal-
lenge in healthcare policy1. In particular, iron 
deficiency anemia (IDA) is the leading cause of 
anemia-related disability2, especially in reproduc-
tive aged women3. The total prevalence of iron 
deficiency even in the absence of anemia is es-
timated to be between 30% and 60%4. Neverthe-
less, continuous iron deficiency during the time 
causes unavoidably anemia, since erythropoiesis 
consumes the iron body store, which gradually 
becomes depleted5.

Anemia is particularly frequent during preg-
nancy: recent data reported an estimated prev-
alence of 38%, equivalent to 32 million women 
worldwide6. In addition, accumulating evidence 
suggests that IDA affects a quarter of pregnant 
women in Europe7. These data are of paramount 
importance, considering that both anemic and 
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non-anemic iron deficiencies in pregnancy may 
have severe consequences on maternal-fetal out-
comes8. Indeed, accumulating evidence suggests 
that IDA can be associated with increased preterm 
labor, preeclampsia, maternal sepsis9, fetal loss 
or even perinatal death10. Furthermore, a large 
cohort analysis found long-term impairments 
in cognitive development and growth in babies 
exposed to IDA in utero11. In most of the cases, 
IDA during pregnancy is caused by suboptimal 
iron content in mother’s diet and insufficient iron 
stores during the reproductive years12.

For all these reasons, prevention and treatment 
of IDA during pregnancy represent high priority 
targets in order to prevent adverse maternal-fetal 
outcomes. According to recent guidelines and 
recommendations13, during pregnancy the total 
demand for iron is about 1240 mg. Although in-
travenous iron administration seems to be very 
effective for the treatment of IDA during preg-
nancy14,15, to date oral iron supplementation is 
preferred whenever it is possible for its feasibility 
and better compliance. The major problem with 
oral iron therapy in its classic ferrous form is poor 
tolerability and gastrointestinal side effects such 
as abdominal pain, diarrhea and constipation (up 
to 40% of patients)16. Currently, the oral prepara-
tions of micronized dispersible ferric pyrophos-
phate (MDFP, SunActive® Fe) and alpha-lactalbu-
min (AL) opened a new scenario: on the one hand, 
this type of micro-coated iron shows similar bio-
availability compared to ferrous sulfate when 
added to a wheat-milk infant cereal and a yogurt 
drink17; on the other hand, AL was found to play a 
positive role on gut microbiota18, likely increasing 
the iron absorption. 

Despite these promising results, data about 
MDFP in pregnant women are still insufficient 
and do not allow to draw firm conclusions. Con-
sidering this point, the aim of our study was to 
evaluate the effects of MDFP combined with AL 
(MDFP-AL) respect to ferrous gluconate (FG) in 
pregnant women affected by IDA.

Patients and Methods

Patients
We developed a prospective, double-blind, ran-

domized controlled trial at the AGUNCO Obstet-
rics and Gynecology Centre (Rome, Italy), from 
March 2016 to April 2017. We considered eligi-
ble all second-trimester singleton pregnancies in 
women affected by IDA, according to the Italian 

Guidelines for physiologic pregnancy and the 
American College of Obstetricians and Gynecol-
ogists guidelines (Hb levels less than 10.5 g/dL, 
ferritin less than 10-15 mcg/L)19,20. Women affect-
ed by any other kind of pre-pregnancy or preg-
nancy-related diseases and twin pregnancies were 
excluded. Furthermore, also women undergoing 
any other kind of pharmacologic/nutraceutical 
treatments (besides folic acid supplementation) 
before or during pregnancy were not included.

After written informed consent, we enrolled 
50 patients between 19 and 21 gestational weeks. 
Subsequently, we randomized the patients in a 
non-stratified 1:1 ratio in two groups: the first one 
orally administered with 30 mg MDFP combined 
with 300 mg AL (Emogut® Forte, Farmares, 
Gruppo Lo.Li.Pharma S.r.l., Italy); the second one 
(controls) with 80 mg FG. Both groups took one 
daily tablet of for 30 days.

Methods
Allocation of the treatment was concealed in 

sequentially numbered, opaque, sealed envelopes. 
The tablets were indistinguishable from each oth-
er for size, color, consistency and taste. Patients 
and investigators were masked to treatment allo-
cation. Any patient taking less than 80% of the 
prescribed treatment was regarded as noncompli-
ant and excluded from the study. Enrolled patients 
did not take other drugs that may modify the an-
alyzed parameters during the previous 3 months 
or during the trial. The study was not advertised 
and no remuneration was offered to the patients. 
An independent data safety and monitoring com-
mittee evaluated the results.

We evaluated as primary outcomes Hb (g/dL) 
and ferritin (mcg/L), and as secondary outcomes 
the number of red blood cells (RBCs x 1000000/
mL), serum iron (mcg/dL), hematocrit (Hct, %) 
levels and side effects. Besides baseline evalua-
tion (T0), follow-up was scheduled at 15 days (T1) 
and 30 days (T2).

The design, analysis, interpretation of data, 
drafting and revisions conform the Helsinki Dec-
laration, the Committee on Publication Ethics 
(COPE) guidelines (http://publicationethics.org/), 
the CONSORT (CONsolidated Standards of Re-
porting Trials)21, 22 and SPIRIT (Standard Proto-
col Items: Recommendation for Interventional 
Trials)23 statements, available through the EQUA-
TOR (enhancing the quality and transparency of 
health research) network (www.equator-network.
org). The study was approved by an independent 
Institutional Review Board (IRB).
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Statistical Analysis
Statistical analysis was performed using the 

SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) 
software package. The assumption of normal 
distribution for continuous variables was tested 
by Kolmogorov-Smirnov test for goodness of fit. 
Continuous variables were expressed as means 
and standard deviations (SD), and compared be-
tween the two groups using the Student t-test. 
Categorical variables were expressed as percent-
ages and compared between the two groups using 
the two-tailed x2-test. A p-value < 0.05 was con-
sidered statistically significant.

Results 

Based on the inclusion/exclusion criteria, 50 
women were enrolled in the trial and randomized 
in the two groups. All the enrolled patients com-

pleted the trial (no drop out). We did not found 
significant differences between the two groups 
for mean age (p=0.27), gestational age at enroll-
ment (p=1) and parity (p=0.16) (Table I). 

In MDFP-AL group after 15 days (T1) there 
was a significant increase of Hb (p=0.0001), fer-
ritin (p=0.006), serum iron (p=0.0001) and Hct 
(p=0.007) (Table II). Similarly, in FG group (Ta-
ble III) after 15 days (T1) there was a significant 
increase of Hb (p=0.0009), ferritin (p=0.002), se-
rum iron (p=0.009) and Hct (p=0.005). Neverthe-
less, the increase of Hb (+11.54% vs. +3.88%), fer-
ritin (+65% vs. +50%) and serum iron (+55.56% 
vs. +50%) was higher in MDFP-AL group respect 
to FG group.

In MDFP-AL group after 30 days (T2) all 
the investigated parameters, including RBCs 
(p=0.01) were significantly increased respect to 
baseline (Table IV). Similarly, also in FG group 
(Table V) after 30 days (T2) all the parame-

Table I. Characteristics of enrolled patients.

 MDFP-AL FG p
  
Age (years) 27.5 ± 6 25.6 ± 6 0.27
Gestational age at enrollment (weeks) 20 ± 3 20 ± 3 1
Parity 1.2 ± 0.5 1.4 ± 0.5 0.16

Data are expressed as means and standard deviations. MDFP-AL: Micronised Dispersible Ferric Pyrophosphate combined 
with Alpha-Lactalbumin; FG: Ferrous Gluconate.

Table II. Hematological parameters at baseline (T0) and after 15 days of treatment (T1) with micronised dispersible ferric 
pyrophosphate combined with alpha-lactalbumin (MDFP-AL).

 T0 T1 p ∆ (%)
  
Hb (g/dL) 10.4 ± 0.3 11.6 ± 0.4 0.0001 +11.54%
Ferritin (mcg/L) 10 ± 8 16.5 ± 8 0.006 +65%
RBCs x 1.000.000/mL 3.52 ± 0.3 3.64 ± 0.4 0.24 +3.41%
Serum iron (mcg/dL) 27 ± 15 42 ± 18 0.0001 +55.56%
Hct (%) 34 ± 2 36 ± 3 0.007 +5.88%

Data are expressed as means and standard deviations; Δ represents percent variation between T0 and T1. Hb: hemoglobin; 
RBCs: Red Blood Cells; Hct: hematocrit.

Table III. Hematological parameters at baseline (T0) and after 15 days of treatment (T1) with Ferrous Gluconate (FG).

 T0 T2 p ∆ (%) 
 
Hb (g/dL) 10.3 ± 0.4 10.7 ± 0.4 0.0009 +3.88%
Ferritin (mcg/L) 12 ± 7 18 ± 6 0.002 +50%
RBCs x 1.000.000/mL 3.47 ± 0.3 3.52 ± 0.4 0.6 +1.44%
Serum iron (mcg/dL) 26 ± 18 39 ± 16 0.009 +50%
Hct (%) 33.5 ± 2.5 35.8 ± 3 0.005 +6.87%

Data are expressed as means and standard deviations; Δ represents percent variation between T0 and T1. Hb: hemoglobin; 
RBCs: Red Blood Cells; Hct: hematocrit.
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ters were significantly increased. Nevertheless, 
also for T2 analysis (Table VI) the increase of 
Hb (+16.35% vs. +10.68%), ferritin (+140% vs. 
+83.33%), RBCs (+7.39% vs. +7.20%), serum iron 
(+174.07% vs. +126.92%) and Hct (+10.29% vs. 
+9.85%) was higher in in MDFP-AL group re-
spect to FG group. In particular, the comparison 
between the two groups at T2 showed a signifi-
cant more marked increase of Hb (p<0.0001) and 
serum iron (p=0.03) in MDFP-AL group respect 
to FG group.

The cumulative side effects rate was 24% in FG 
group, whereas MDFP-AL group did not show 
any significant side effect (p=0.02). 

Discussion 

Pregnancy represents a particular condi-
tion prone to develop IDA, due to increased re-
quest for RBCs formation, fetal and placental 
growth24. Since dietary intake cannot fulfill the 
daily-required amount of iron (27 mg/day) during 
pregnancy, the Centers for Disease Control and 
Prevention recommended that pregnant women 
should take a daily supplement of 30 mg of ele-
mental iron as a preventive measure25. Although 
in most of the cases IDA becomes overt during 
the second and third trimesters, the iron supple-
mentation should start before or at the beginning 

Table V. Hematological parameters at baseline (T0) and after 30 days of treatment (T2) with ferrous gluconate (FG).

 T0 T2 p ∆ (%) 
 
Hb (g/dL) 10.3 ± 0.4 11.4 ± 0.4 0.0001 +10.68%
Ferritin (mcg/L) 12 ± 7 22 ± 7 0.0001 +83.33%
RBCs x 1.000.000/mL 3.47 ± 0.3 3.72 ± 0.4 0.01 +7.20%
Serum iron (mcg/dL) 26 ± 18 59 ± 25 0.0001 +126.92%
Hct (%) 33.5 ± 2.5 36.8 ± 3.5 0.0004 +9.85%

Data are expressed as means and standard deviations; Δ represents percent variation between T0 and T2. Hb: hemoglobin; 
RBCs: Red Blood Cells; Hct: hematocrit.

Table IV. Hematological parameters at baseline (T0) and after 30 days of treatment (T2) with micronised dispersible ferric 
pyrophosphate combined with Alpha-Lactalbumin (MDFP-AL).

 T0 T2 p ∆ (%) 
 
Hb (g/dL) 10.4 ± 0.3 12.1 ± 0.5 0.0001 +16.35%
Ferritin (mcg/L) 10 ± 8 24 ± 9 0.0001 +140%
RBCs x 1.000.000/mL 3.52 ± 0.3 3.78 ± 0.4 0.01 +7.39%
Serum iron (mcg/dL) 27 ± 15 74 ± 22 0.0001 +174.07%
Hct (%) 34 ± 2 37.5 ± 3 0.0001 +10.29%

Data are expressed as means and standard deviations; Δ represents percent variation between T0 and T2. Hb: hemoglobin; 
RBCs: Red Blood Cells; Hct: hematocrit.

Table VI. Comparison of percent variations between T0 (baseline) and T2 (30 days of treatment) of hematological parameters 
in micronised dispersible ferric pyrophosphate combined with alpha-lactalbumin (MDFP-AL) group and ferrous gluconate (FG) 
group.

 MDFP-AL FG
 
 Mean and SD T0-T2 Mean and SD T0-T2
 at T2 ∆ (%) at T2 ∆ (%) p 
  
Hb (g/dL) 12.1 ± 0.5 +16.35% 11.4 ± 0.4 +10.68% <0.0001
Ferritin (mcg/L) 24 ± 9 +140% 22 ± 7 +83.33% 0.38
RBCs x 1000000/mL 3.78 ± 0.4 +7.39% 3.72 ± 0.4 +7.20% 0.60
Serum iron (mcg/dL) 74 ± 22 +174.07% 59 ± 25 +126.92% 0.03
Hct (%) 37.5 ± 3 +10.29% 36.8 ± 3.5 +9.85% 0.45

Data are expressed as means and standard deviations (SD); Δ represents percent variation between T0 and T2. Hb: hemoglobin; 
RBCs: Red Blood Cells; Hct: hematocrit.
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Besides the effect on iron absorption, AL may 
play a positive role on gut microbiota: on the one 
hand, GLF (consisting of Gly-Leu-Phe amino acids) 
has been shown to be formed during AL digestion 
in the gastrointestinal tract and to have a powerful 
immune-stimulating action35,36; on the other hand, 
other antibacterial peptides are formed during AL 
digestion and lead to a significant reduction of po-
tentially pathogenic bacteria (Bacteroides, Clostrid-
ia, E. coli) within intestinal microflora37.

Furthermore, AL shows beneficial anti-inflam-
matory and anti-nociceptive activity by inhibiting 
cyclooxygenase-2 (COX-2); in this way, it helps to 
control and regulate the inflammatory processes 
during pregnancy38,39. Inflammation increases the 
iron regulatory hormone, hepcidin, that causes 
iron sequestration in the setting of inflammation, 
and this element is strongly involved in IDA onset 
and in its persisting40,41. Therefore, the AL anti-in-
flammatory effect can be effective in improving 
iron availability and absorption.

Despite our results, several limitations of the 
research should be taken into account for the data 
interpretation: we enrolled a small sample size; the 
results and conclusion are based on a limited peri-
od, without any additional information about long-
term follow up; we adopted selective inclusion/
exclusion criteria, so our research setting does not 
overlap perfectly the daily practice; the MDFP was 
combined with AL, but compared with FG alone. 
Based on the abovementioned elements and lack 
of other available data, we take the opportunity to 
suggest future studies. They should be aimed at 
evaluating our results in larger cohorts and, in ad-
dition, at comparing the effects obtained with dif-
ferent doses of MDFP respect to other iron supple-
mentations and/or different administration routes 
in pregnant women affected by IDA.

Conclusions

In this preliminary trial we demonstrated that 
MDFP-AL exerts a higher efficacy in improving 
some pivotal parameters and shows a safer profi-
le than FG for the treatment of IDA in pregnant 
women.
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of pregnancy in order to prevent negative out-
comes26.

Unfortunately, most of the iron supplements 
are associated usually with constipation, dark-
ened stools, diarrhea, loss of appetite, nausea, 
stomach cramps, and vomiting27. In order to over-
come these common and well-known side effects 
and increase the bioavailability, recent techniques 
were aimed to emulsify MDFP with maltodextrin 
and soy lecithin, providing high dispersion stabil-
ity in aqueous media. In particular, recent in vitro 
experiments suggested that MDFP has better in-
testinal transport, biokinetics and tissue distribu-
tion than ferric pyrophosphate28.

Despite several promising data in both animal 
models29 and humans17,30, to the best of our knowl-
edge only one previous study investigated the effects 
of MDFP during pregnancy: Hartman-Craven et al31 
enrolled and randomized 18 healthy pregnant wom-
en (24-32 gestational weeks) to receive powdered 
supplement containing 30 mg of iron as MDFP with 
an emulsifier coating and 600 μg of folic acid, or tab-
let containing 27 mg of iron from ferrous fumarate 
and 1000 μg of folic acid. Nevertheless, the interpre-
tation of this study is extremely limited due to sev-
eral elements: first, the small sample size; second, 
the inclusion of investigated iron supplements in two 
mixtures with many other biologically active nutra-
ceuticals; third, the enrolled women were healthy, 
not affected by IDA; fourth and most important, the 
study design aimed to evaluate only the relative bio-
availability and absorption kinetics within 8 hours, 
without any other information about clinical effects 
in the medium-long term.

Therefore, the current study may be considered 
the first clinical evaluation of MDFP in pregnant 
women. Our data analysis showed that the daily sup-
plementation with 30 mg of MDFP combined with 
300 mg of AL is able to increase Hb, ferritin, serum 
iron and Hct in pregnant women more than the daily 
supplementation with 80 mg of FG, after 15 and 30 
days of treatment (at 30 days also RBCs significant-
ly increased). Moreover, women taking MDFP-AL 
did not report any side effects during the treatment.

The combination of AL with MDFP is likely to 
have paramount importance for these outcomes: in-
deed, iron absorption from formulas enriched with 
bovine AL has been found increased in infant rhesus 
monkeys32; in addition, a recent human-based clin-
ical study found that infants fed with AL-enriched 
formula showed higher indicators of iron status than 
infants fed with control formula33. Finally, in vitro 
data clearly demonstrated that iron absorption is sig-
nificantly increased by peptides derived from AL34.



Iron deficiency anemia in pregnancy

3607

References 

 1) Kassebaum NJ, Jasrasaria r, Naghavi m, Wulf sK, 
JohNs N, lozaNo r, regaN m, Weatherall D, Chou DP, 
eisele tP, flaxmaN sr, PullaN rl, brooKer sJ, murray 
CJ. A systematic analysis of global anemia burden 
from 1990 to 2010. Blood 2014; 123: 615-624.

 2) Kassebaum NJ; GBD 2013 Anemia Collaborators. 
The Global Burden of Anemia. Hematol Oncol 
Clin North Am 2016; 30: 247-308.

 3) PeuraNPää P, heliövaara-PeiPPo s, fraser i, PaavoNeN 
J, hursKaiNeN r. Effects of anemia and iron defi-
ciency on quality of life in women with heavy men-
strual bleeding. Acta Obstet Gynecol Scand 2014; 
93: 654-660.

 4) Daru J, allotey J, Peña-rosas JP, KhaN Ks. Serum 
ferritin thresholds for the diagnosis of iron defi-
ciency in pregnancy: a systematic review. Tran-
sfus Med 2017; 27: 167-174.

 5) CamasChella C. Iron-deficiency anemia. N Engl J 
Med 2015; 372: 1832-1843.

6) steveNs ga, fiNuCaNe mm, De-regil lm, PaCioreK CJ, 
flaxmaN sr, braNCa f, Peña-rosas JP, bhutta za, ez-
zati m; Nutrition Impact Model Study Group (Ana-
emia). Global, regional, and national trends in ha-
emoglobin concentration and prevalence of total 
and severe anaemia in children and pregnant and 
non-pregnant women for 1995-2011: a systematic 
analysis of population-representative data. Lan-
cet Glob Health 2013; 1: e16-e25.

 7) sCholl to. Maternal iron status: relation to fe-
tal growth, length of gestation, and iron endow-
ment of the neonate. Nutr Rev 2011; 69 Suppl 1: 
S23-S29.

 8) loNe fW, Qureshi rN, emaNuel f. Maternal ana-
emia and its impact on perinatal outcome. Trop 
Med Int Health 2004; 9: 486-490.

 9) sharma Jb. Nutritional anemia during pregnancy 
in non-industrialized countries. In: Studd J, edi-
tor. Progress in Obstetrics and Gynecology. New 
Delhi: Churchill Livingstone; 2003; pp. 103-122.

10) loPs vr, huNter lP, DixoN lr. Anemia in pregnan-
cy. Am Fam Physician 1995; 94: 277-280.

11) CoNgDoN el, WesterluND a, algariN Cr, PeiraNo PD, 
gregas m, lozoff b, NelsoN Ca. Iron deficiency in 
infancy is associated with altered neural correla-
tes of recognition memory at 10 years. J Pediatr 
2012; 160: 1027-1033.

12) osborNe Pt, burKett ll, ryaN gm, laNe m. An eva-
luation of red blood cell heterogeneity (increased 
red blood cell distribution width) in iron deficiency 
of pregnancy. Am J Obstet Gynecol 1989; 160: 
336-339.

13) milmaN N. Oral iron prophylaxis in pregnancy: not 
too little and not too much! J Pregnancy 2012; 
2012: 514345.

14) bhavi sb, JaJu Pb. Intravenous iron sucrose v/s oral 
ferrous fumarate for treatment of anemia in pre-
gnancy. A randomized controlled trial. BMC Pre-
gnancy Childbirth 2017; 17: 137.

15) al ra, uNlubilgiN e, KaNDemir o, yalvaC s, CaKir l, 
haberal a. Intravenous versus oral iron for treat-
ment of anemia in pregnancy. Am College Obstet 
Gynecol 2005; 106: 1335-1340.

16) Wu tW, tsai fP. Comparison of the therapeutic ef-
fects and side effects of oral iron supplements in 
iron deficiency anemia. Drug Res (Stuttg) 2016; 
66: 257-261.

17) fiDler mC, WalCzyK t, DaviDssoN l, zeDer C, saKa-
guChi N, JuNeJa lr, hurrell rf. A micronised, di-
spersible ferric pyrophosphate with high relative 
bioavailability in man. Br J Nutr 2004; 91: 107-112.

18) brüCK Wm, reDgrave m, tuohy Km, löNNerDal b, 
graverholt g, herNell o, gibsoN gr. Effects of 
bovine alpha-lactalbumin and casein glycoma-
cropeptide-enriched infant formulae on faecal 
microbiota in healthy term infants. J Pediatr Ga-
stroenterol Nutr 2006; 43: 673-679.

19) Sistema nazionale per le Linee Guida, Gravidan-
za fisiologica (aggiornamento 2011). Screening 
dei problemi ematologici. Milano 2011; pp. 105-
106.

20) American College of Obstetricians and Gyneco-
logists. ACOG Practice Bulletin No. 95: anemia in 
pregnancy. Obstet Gynecol 2008; 112: 201-207.

21) sChulz Kf, altmaN Dg, moher D, CoNsort grouP. 
CONSORT 2010 statement: updated guidelines 
for reporting parallel group randomised trials. 
Trials 2010; 11: 32.

22) moher D, hoPeWell s, sChulz Kf, moNtori v, gotz-
sChe PC, Devereaux PJ, elbourNe D, egger m, alt-
maN Dg. CONSORT 2010 explanation and elabo-
ration: updated guidelines for reporting parallel 
group randomised trial. Br Med J 2010; 340: c869.

23) ChaN aW, tetzlaff Jm, gotzsChe PC, altmaN Dg, 
maNN h, berliN Ja, DiCKersiN K, hróbJartssoN a, 
sChulz Kf, ParuleKar Wr, Krleza-JeriC K, lauPaCis a, 
moher D. SPIRIT 2013 explanation and elabora-
tion: guidance for protocols of clinical trials. Br 
Med J 2013; 346: e7586.

24) eseN ui. Iron deficiency anaemia in pregnancy: the 
role of parenteral iron. J Obstet Gynaecol 2017; 
37: 15-18.

25) [No authors listeD]. Recommendations to prevent 
and control iron deficiency in the United Sta-
tes. Centers for disease control and prevention. 
MMWR Recomm Rep 1998; 47: 1-29.

26) Peña-rosas JP, De-regil lm, gomez malave h, flo-
res-urrutia mC, DoWsWell t. Intermittent oral iron 
supplementation during pregnancy. Cochrane 
Database Syst Rev 2015: CD009997.

27) CaNtor ag, bougatsos C, DaNa t, blaziNa i, mC-
DoNagh m. Routine iron supplementation and 
screening for iron deficiency anemia in pre-
gnancy: a systematic review for the U.S. Pre-
ventive services task force. Ann Intern Med 
2015; 162: 566-576.

28) Kim hJ, bae sh, Kim hJ, Kim Km, soNg Jh, go mr, 
yu J, oh Jm, Choi sJ. Cytotoxicity, intestinal tran-
sport, and bioavailability of dispersible iron and 
zinc supplements. Front Microbiol 2017; 8: 749.



A.S. Laganà, L. Costabile, P. Filati, M. Noventa, A. Vitagliano, R. D’Anna

3608

29) saKaguChi N, rao tP, NaKata K, NaNbu h, JuNeJa lr. 
Iron absorption and bioavailability in rats of mi-
cronized dispersible ferric pyrophosphate. Int J 
Vitam Nutr Res 2004; 74: 3-9.

30) roe ma, ColliNgs r, hoogeWerff J, fairWeather-tait 
sJ. Relative bioavailability of micronized, dispersi-
ble ferric pyrophosphate added to an apple juice 
drink. Eur J Nutr 2009; 48: 115-119.

31) hartmaN-CraveN b, ChristofiDes a, o’CoNNor Dl, 
zlotKiN s. Relative bioavailability of iron and folic 
acid from a new powdered supplement compared 
to a traditional tablet in pregnant women. BMC 
Pregnancy Childbirth 2009; 9: 33.

32) Kelleher sl, ChattertoN D, NielseN K, löNNerDal b. 
Glycomacropeptide and alpha-lactalbumin sup-
plementation of infant formula affects growth and 
nutritional status in infant rhesus monkeys. Am J 
Clin Nutr 2003; 77: 1261-1268. 

33) saNDström o, löNNerDal b, graverholt g, herNell 
o. Effects of alpha-lactalbumin-enriched formu-
la containing different concentrations of glyco-
macropeptide on infant nutrition. Am J Clin Nutr 
2008; 87: 921-928.

34) WaNg x, ai t, meNg xl, zhou J, mao xy. In vitro 
iron absorption of α-lactalbumin hydrolysate-iron 
and β-lactoglobulin hydrolysate-iron complexes. J 
Dairy Sci 2014; 97: 2559-2566.

35) migliore-samour D, roCh-arveiller m, tissot m, Ja-
zziri m, KeDDaD K, girouD JP, Jollès P. Effects of 
tripeptides derived from milk proteins on poly-

morphonuclear oxidative and phosphoinositide 
metabolisms. Biochem Pharmacol 1992; 44: 
673-680.

36) Jaziri m, migliore-samour D, CasabiaNCa-PigNèDe mr, 
KeDDaD K, morgat Jl, Jollès P. Specific binding si-
tes on human phagocytic blood cells for Gly-Leu-
Phe and Val-Glu-Pro-Ile-Pro-Tyr, immunostimula-
ting peptides from human milk proteins. Biochim 
Biophys Acta 1992; 1160: 251-261. 

37) brüCK Wm, graverholt g, gibsoN gr. Use of batch 
culture and a two-stage continuous culture system 
to study the effect of supplemental alpha-lactal-
bumin and glycomacropeptide on mixed popula-
tions of human gut bacteria. FEMS Microbiol Ecol 
2002; 41: 231-237.

38) yamaguChi m, uChiDa m. Alpha-lactalbumin sup-
presses interleukin-6 release after intestinal 
ischemia/reperfusion via nitric oxide in rats. In-
flammopharmacology 2007; 15: 43-47.

39) yamaguChi m, yoshiDa K, uChiDa m. Novel functions 
of bovine milk-derived alpha-lactalbumin: anti-no-
ciceptive and anti-inflammatory activity caused by 
inhibiting cyclooxygenase-2 and phospholipase 
A2. Biol Pharm Bull 2009; 32: 366-371.

40) saNgKhae v, Nemeth e. Regulation of the iron ho-
meostatic hormone hepcidin. Adv Nutr 2017; 8: 
126-136.

41) CamasChella C. New insights into iron deficiency 
and iron deficiency anemia. Blood Rev 2017; 31: 
225-233.


