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Resumen
Introducción: el hierro es un micronutriente esencial en el crecimiento del feto.

Objetivo: el propósito de este estudio es conocer las posibles correlaciones que puedan existir entre el estado en hierro de la madre y del feto, 
y el peso del recién nacido.

Material y métodos: el estudio incluyó a 97 madres programadas para dar a luz por cesárea electiva en la maternidad central de Tébessa 
(este de Argelia) entre enero y agosto de 2014. En la extracción de sangre se tomaron muestras de la vena antecubital de la madre y de la vena 
umbilical. Las concentraciones medias de los parámetros maternos y fetales, respectivamente, fueron 10,64 ± 1,37 g/dl y 14,83 ± 1,79 g/dl de 
hemoglobina, 51,57 ± 20,82 mg/dl y 112,47 ± 32,34 mg/dl para el hierro sérico y 12,37 ± 9,58 ng/ml y 109,64 ± 58,76 ng/ml para la ferritina 
sérica. A excepción de la ferritina, los otros parámetros fetales se correlacionaron con los de la madre. El peso al nacer solo se correlacionó 
signifi cativamente con la hemoglobina materna (r = 0,22; p = 0,02) y el hematocrito (r = 0,2; p = 0,004).

Conclusión: se pusieron de relieve los intercambios materno-fetales de hierro y el estado de hierro en el recién nacido se mostró ligado al de 
la madre. La hemoglobina materna baja se asoció con un bajo peso del recién nacido.

Abstract
Introduction: Iron is an essential micronutrient in the growing fetus.

Objective: The purpose of this study is to fi nd the possible correlations that may exist between maternal and fetal iron status and newborn weight.

Material and methods: The study included 97 mothers scheduled to give birth by elective caesarean section in the central maternity of 
Tébessa (east of Algeria) between January and August 2014. The blood collection was sampled from the antecubital vein of the mother and the 
umbilical vein. The mean concentrations of parameters in maternal and fetal sides, respectively, were 10.64 ± 1.37 g/dl and 14.83 ± 1.79 g/
dl for hemoglobin, 51.57 ± 20.82 µg/dl and 112.47 ± 32.34 μg/dl for serum iron, and 12.37 ± 9.58 ng/ml and 109.64 ± 58.76 ng/ml for 
serum ferritin. Except for ferritin, other fetal parameters were correlated with those of mothers. Birth weight was only signifi cantly correlated with 
maternal hemoglobin (r = 0.22, p = 0.02) and hematocrit (r = 0.2, p = 0.004).

Conclusion: The fetal-maternal exchanges of iron were highlighted and iron status of the newborn was linked to that of the mother. The low 
maternal hemoglobin was associated with low newborn weight.
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INTRODUCTION 

The only source of nutrients for growth of the fetus is maternal 
blood (1). Iron is vital for early brain growth and function because 
it supports neuronal and glial energy metabolism, neurotransmit-
ter synthesis, myelination, and development of red blood cells, 
blood vessels and muscles (2,3). As fetal iron results exclusively 
from the mother by active transport function of the placenta, the 
amount transferred could be reasonably assumed to be influenced 
by the amount of maternal iron available (4). Iron transfers from 
the mother to the fetus are regulated by the placenta and involve 
placental structure, iron transporters, and regulation of placental 
expression of these proteins (5).

The last trimester of pregnancy is the period of the most import-
ant weight gain and iron storage in the fetus. Amounts of iron in 
low birth children are lower than full-term newborns and after birth 
accumulated iron compared to full-term newborns. After birth, 
reserves acquired during pregnancy will be used during the first 
4-6 months of life (6).

Iron deficiency anemia is the most common preventable nutri-
tional deficiency during pregnancy, which have an impact on mor-
bidity and maternal as well as perinatal complications, such as 
premature delivery, intrauterine growth retardation, and perinatal 
death (7,1). In Blida, north Algeria, prevalence of iron deficiency 
anemia during pregnancy in 2006 was 46.66% (8).

Published studies highlighted the relationship between the 
maternal and neonatal iron status, but the results remained 
discrepant (9,10). Challenges and concerns with routine blood 
sampling among healthy newborns still encountered. Studies were 
done to compile reference data on iron status among healthy new-
borns using both venous and cord blood (11,12). Understanding 
the relationship between maternal and fetal iron status may help 
exert efforts to prevent iron deficiency in pregnancy and infancy, 
and improve outcomes for mothers and infants.

The present study was undertaken to find the possible relation-
ships between maternal blood parameters which determine the 
iron status (hemoglobin [Hb], hematocrit [Hct], serum iron, total 
iron binding capacity of transferrin [TIBC], saturation coefficient of 
transferrin [CS] and serum ferritin) and blood from the umbilical 
cord vein, reflecting the placental exchange.

MATERIALS AND METHODS 

The study was carried out on 97 couples of mothers and new-
borns scheduled to give birth by prophylactic cesarean in the 
Central Maternity Doctor Khaldi Abed Elazziz of Tébessa (east of 
Algeria) between January and August 2014. 

In all these cases, pure prophylactic cesarean were performed 
after 37 to 42 weeks of gestation in women with a pregnancy of 
normal development and exhibiting no significant pathology which 
affected the metabolism of iron in the body. These women were 
aged between 22 and 42 years old. Primigravida or multigravida 
and indications of cesarean were conditioned by a notion of prior 
cesarean, contracted pelvis, breech present position.

For each selected woman, we explained the purpose and the 
experimental protocol approved by the Ethics Committee of the 
University Frères Mentouri Constantine 1. All women included in 
this study signed informed consent.

BLOOD SAMPLES COLLECTION

Under normal operating conditions at the central maternity of 
Tébessa, maternal arterial samples were prohibited; maternal 
blood samples were then collected from antecubital vein of the 
arm and without tourniquet before anesthesia.

Five milliliters were collected by a sterile 5 ml syringe. Two milliliters 
were put in an EDTA-K3 tube (Ethylene Diamine Tetra-Acetic) for the 
measurement of hematocrit (Hct) and hemoglobin (Hb), and three 
milliliters were placed in a dry tube for the determination of serum 
iron, serum ferritin and total iron binding capacity of transferrin (TIBC).

The blood of the umbilical vein was collected after two minutes 
of umbilical cord clamping, as soon as the newborn was removed 
and the umbilical cord was cut at the side of the placenta; the 
same quantities of blood were taken for the same analysis.

The fetal and maternal blood sample tubes were placed in a 
cooler and transported immediately to the laboratory for analysis.

Dosages of hemoglobin and hematocrit were performed imme-
diately on the blood. Serum was recovered after centrifugation at 
1,500 rpm for 15 minutes and stored in the refrigerator in the 
maternity laboratory at 4 °C. After blood sampling of all subjects 
of the day, samples were transported in a cooler to the laboratory 
of the Bouguera Boulaaras Bekaria Hospital for measuring other 
parameters as soon as samples were received.

BIOASSAYS

The rates of hemoglobin and hematocrit were determined on an 
automated counter Nihon Kohden type for hematological analysis 
(model MEK-6400K, Nihon Kohden Corporation, Tokyo, Japan). The 
serum iron was estimated by a colorimetric method using ferrozine 
as chromogen. The total iron binding capacity of transferrin was eval-
uated after transferrin saturation by an iron solution and adsorption of 
the excess over magnesium hydroxycarbonate (Fer Ferrozine + TIBC 
kit, ref.: 200643, Biomaghreb, Tunisia). The saturation coefficient of 
transferrin was calculated from the assay of serum iron and TIBC, 
CS% = ([serum iron/TIBC] × 100), serum ferritin was estimated by 
ELFA technology (Enzyme Linked Fluorescent Assay) using a Mini 
VIDAS automate (Ferritine kit, ref.: 30411, Biomerieux S.A., France).

STATISTICAL ANALYSIS

Statistical analyses were performed using XL STAT version 
2009.1.01 (Addinsoft 1995-2009, USA). The results of this 
study are presented using descriptive statistics such as arithme-
tic mean, standard deviation and frequency. Analyses of relations 
between maternal and newborn blood parameters excluded all 
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pairs of diabetic cases to avoid interference with their interpre-
tation regarding iron status. The assumption of normality of data 
was verified by the Anderson-Darling test to use the statistical 
methods. Comparisons between two means were tested by t-test. 
Pearson’s correlation was used to investigate possible association 
between variables. The significance level adopted was 5%.

RESULTS

AGE AND GESTITY

Our study group consisted of 97 women aged between 22 
and 42 years old; the average age was 31.7 ± 4.7 years. The 
majority of pregnant women (61.85%) belonged to the age group 
of 30-39 years old. Depending on gestity, 40 women (41.23%) 
were primigravida, 51 (52.57%) were secundigravida, and six 
(6.18%) were multigravida (Table I).

No significant relationship (p > 0.05) was found between 
maternal iron status and age and gestity.

BLOOD PARAMETERS AND RELATIONSHIPS

In table II we presented the blood parameters, measured in the 
antecubital vein and umbilical vein, as mean ± standard deviation 

(SD) and extreme values. We noticed that maternal and fetal values 
generally fluctuated in the same way as evidenced by the similarity of 
standard deviations; the same remark was noticed for extreme values.

Umbilical vein values were greater than those of maternal vein; 
serum iron and ferritin were, respectively, two and nine times 
greater in newborns than in mothers. 

Except for serum iron, significant linear correlations were 
observed between fetal hemoglobin and other fetal parameters. 
Respectively, Hct and TIBC were positively correlated to Hb (r = 
0.6, p < 0.0001 and r = 0.2, p = 0.04). CS and serum ferritin 
were negatively correlated to Hb (r = 0.28, p = 0.005 and r = 
0.38, p < 0.0001) (Table III).

Table IV shows correlations between Hb and other maternal 
parameters. Hb was only correlated positively with Hct (r = 0.79, 
p < 0.0001), and was negatively correlated with serum ferritin (r 
= 0.33, p = 0.001).

The relationships between maternal parameters and those of 
the umbilical vein are outlined in table V. Except for serum ferri-
tin, fetal and mother parameters were positively correlated. The 
greatest correlation was seen between fetal and maternal serum 
iron (r = 0.39, p < 0.0001). 

Birth weight (Figs. 1 and 2) was significantly related to maternal 
Hb (r = 0.22, p = 0.02) and Hct (r = 0.2, p = 0.004).

DISCUSSION

In this study, no blood parameter of iron status was correlated 
with maternal age or maternal gestity; age and multiple gestity 
did not seem to be risk factors for iron deficiency. There were dis-
crepancies between authors. Chandyo et al. (13) reported women 
with parity ≥ two had higher mean hemoglobin concentration than 
nulliparous ones. In others studies on risk factors of maternal ane-
mia during pregnancy, Emamghorashi et al. (14) and Veghari et al. 
(15) found that multiparity, but not age, influenced maternal iron 
status. Multiparity and short birth interval (< two years) between 
pregnancies created a large demand for iron, which was needed 
to develop the fetus and placenta.

The measured iron status parameters were higher in fetal blood 
than in maternal blood. 

Table I. Distribution of women according 
to age and gravidity (n = 97)

Class Number
Frequency 

(%)

Age (year)

(22-29) 33 34.02

(30-39) 60 61.85

40 and more 4 4.12

Gestity

Primigravida 40 41.23

Secundigravida 51 52.57

Multigravida 6 6.18

Table II. Blood parameters in antecubital and umbilical veins (n = 97)

 Antecubital vein Umbilical vein

Mean ± SD Extreme values Mean ± SD Extreme values

Hb (g/dl) 10.64 ± 1.37 7.9-14.3 14.83 ± 1.79 10.80-18.90

Hct (%) 32.06 ± 4.09 18.7-41.5 43.19 ± 5.56 30.4-58.1

Serum iron (µg/dl) 51.57 ± 20.82 20.39-123 112.47 ± 32.34 52.72-191.1

TIBC (µg/dl) 460.09 ± 92.61 320-786 533.83 ± 98.57 329.0-797.0

CS (%) 12.12 ± 5.26 3.10-30.14 21.88 ± 8.27 8.46-53.32

Serum ferritin (ng/ml) 12.37 ± 9.58 2.9-71.48 109.64 ± 58.76 11.21-246.64

Hb: Hemoglobin; Hct: Hematocrit; TIBC: Total iron binding capacity of transferrin; CS: Saturation coefficient of transferrin.
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Table III. Relationships between blood parameters (y) and hemoglobin (x) in the umbilical 
vein (n = 97)

Parameters (Y) A b r p

Hct (%) 1.856 15.67 0.6 < 0.0001

TIBC (µg/dl) 11.04 370 0.2 0.04

CS (%) -1.304 41.22 0.28 0.005

Serum ferritin (ng/ml) -12.64 297.1 0.38 < 0.0001

Serum iron (µg/dl) - - - 0.055

Hct: Hematocrit; TIBC: Total iron binding capacity of transferrin; CS: Saturation coefficient of transferrin; a: Regression coefficient; b: Constant term; r: Pearson’s 
correlation coefficient.

Table IV. Relationships between blood parameters (y) and hemoglobin (x) in antecubital 
vein (n = 97)

Parameters (Y) A b r p

Hct (%) 7.348 2.332 0.79 < 0.0001

TIBC (µg/dl) - - - 0.675

CS (%) - - - 0.862

Serum ferritin (ng/ml) -12.26 2.336 0.33 0.001

Serum iron (µg/dl) - - - 0.532

Hct: Hematocrit; TIBC: Total iron binding capacity of transferrin; CS: Saturation coefficient of transferrin; a: Regression coefficient; b: Constant term; r: Pearson’s 
correlation coefficient.

Table V. Relationships between umbilical vein (y) and maternal (x) parameters (n = 97)

Parameters A b r p

Hb g/dl 0.288 11.75 0.22 0.02

Hct (%) 0.424 29.54 0.30 0.002

Serum iron (µg/dl) 0.606 79.65 0.39 < 0.0001

TIBC (µg/dl) 0.217 434.1 0.20 0.04

CS (%) 0.411 16.78 0.26 0.009

Serum ferritin (ng/ml) - - - 0.763

Hb: Hemoglobin; Hct: Hematocrit; TIBC: Total iron binding capacity of transferrin; CS: Saturation coefficient of transferrin; a: Regression coefficient; b: Constant term; r: 
Pearson’s correlation coefficient.

Figure 1. 

Relationship between maternal hemoglobin and birth weight of newborns (BWN).

Figure 2. 

Relationship between maternal hematocrit and birth weight of newborns (BWN).
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This finding was also noticed by Dop et al. (16) and Sa et al. 
(17) in their studies on anemia in pregnancy in Togo and Brazil 
respectively. The relatively low values we observed in Hb and Hct 
in maternal blood might be due to the plasma volume expansion 
resulting in hemodilution during pregnancy (18,19). However, the 
rates of hemoglobin and hematocrit were high in infants because of 
the increase in the number and size of red blood cells in cord blood 
(20). In addition, physiological change during pregnancy altered the 
composition of blood, amplified the transfer of certain hematopoi-
etic micronutrients and increased the use of some others (19).

The negative link in the umbilical vein between Hb and ferritin 
and with the CS suggested a competition between hemoglo-
bin-synthesis and storage of iron as ferritin, as it was reported by 
Macphail et al. (21), who studied the relationship between the iron 
status of 103 mothers and their newborns. The TIBC varied in the 
same way as Hb, which complied with the role of transferrin in the 
supply of iron to hemoglobin. These findings were in accordance 
with the study of Doc et al. (16). 

The large variation of the fetal iron concentration (53-191 
µg/dl) did not greatly affect the level of fetal hemoglobin, with 
variations remaining relatively low (11-19 g/dl). Similar results 
were reported by Singla et al. (22), who evaluated the param-
eters status of maternal and fetal iron and morphology of the 
placenta from 69 mothers and newborns in India. We believe 
that a link could be observed with iron concentrations below a 
certain critical threshold, not encountered in our study group, 
which exposed the newborn to diseases due to a strong iron 
deficiency.

Our results indicate a significant relationship between the con-
centration of Hb in the umbilical vein and the antecubital vein (r 
= 0.22, p = 0.02). This was consistent with Shoa et al. (2), who 
evaluated the relationship between iron status of mother and full 
term neonate to term and reported a high significance (r = 0.10; 
p ≤ 0.0001; n = 2775). However, Turkey et al. (23) did not a find a 
correlation between maternal and newborn hemoglobin. Thus, the 
maternal Hb affected the level of fetal Hb; as a result, a decrease 
in maternal Hb was likely to develop anemia in the newborn at an 
early age, poor cognitive and neurological development and risk of 
developing chronic diseases in adulthood, such as heart disease 
and type 2 diabetes (24,25).

In this study, significant correlations were found between new-
borns serum iron, TIBC and CS and those of their mothers. Adar-
iana et al. (26) reported similar correlations. The feto-maternal 
relationship for serum iron was greater than other parameters (r 
= 0.39; p < 0.0001), and the fetal serum iron level was gener-
ally twice that of the mother. We deduced from this relationship 
that the fetus took over 60% of maternal iron, which passed in a 
counter-gradient way. A minimum iron concentration of 80 µg/dl 
was kept constant in the fetus, even if the mother was deficient in 
iron. This was possible by a regulation of iron transport proteins in 
the placenta ensuring an adequate supply of iron to fetal growth, 
even in mothers suffering from iron deficiency (27). Then the weak 
correlations shown between newborn and maternal parameters 
could not predict hematological and biochemical parameters of 
newborn of mildly or moderately anemic pregnant women (26).

Similarity to Shoa et al. (2) and Sa et al. (17), we observed 
a low rate of serum ferritin in mothers (12.37 ± 9.58) com-
pared to newborns (109.64 ± 58.76). According to Gambling 
et al. (28), the concentrations of ferritin decreased significantly 
during pregnancy and the process was mediated by signals 
from the fetus whose nature was not known yet. On the other 
hand, like others (26,29), we did not find any feto-maternal 
relationship for serum ferritin. However Shoa et al. (2) reported 
significant weak correlations (r = 0.07) due probably to their 
large sample. Iron transmitted to the fetus came from maternal 
stores as ferritin. The release of iron from ferritin is still being 
studied and the underlying mechanism is not clearly estab-
lished yet (5).

From experiments on rats, which were widely used as a model 
for the human placenta function, a hierarchy of use of maternal 
iron was observed: the fetus was a priority, maternal hematocrit 
came on, and maternal iron stores were the last. This had serious 
consequences for the mother, if the observations obtained in rats 
had to be transposed to humans, because the mother needed iron 
stores not only for herself but also for breastfeeding as well as for 
future pregnancies (5,30).

In this study of women with gestation in normal development, 
birth weight had linear relationship with maternal Hb and Hct (Figs. 
1 and 2). Similar results were reported by Singla et al. (22), who 
also suggested a negative effect of anemia during pregnancy on 
different anthropometric measurements at birth. However, two 
studies on two different populations (US and UK) had not report-
ed a relationship between markers of iron status (hemoglobin 
and mean corpuscular volume) at different stages of pregnancy 
and fetal growth (31,32). In contrast, another study showed that 
the babies of iron-deficient anemia mothers had greater head 
circumference and were heavier than those from non-anemic 
non-iron-deficient mothers (14).

The effect of maternal anemia on intra-uterine growth is 
attributed to chronic deprivation of oxygen to the developing 
fetus (33). According to Rodríguez et al. (34), various biological 
mechanisms had been proposed to explain the ways in which iron 
deficiency, including in its most severe form, may adversely affect 
fetal growth. Maternal and fetal stress could result from increas-
ing concentrations of noradrenaline generated by iron deficiency 
or hypoxia resulting from anemia. Excess of noradrenaline rises 
vagal activity, hence hyperinsulinemia, which may result in fetal 
weight increase.

Maternal and fetal stress, in turn, activated the production of 
the corticotropin-releasing hormone that stimulated fetal cortisol. 
Accordingly, the longitudinal growth of the fetus might be affect-
ed by the action of cortisol (35). Animal studies supported this 
hypothesis. The stress caused by iron deficiency was shown by 
the increase in cortisol levels due to iron-free diet in rats (36-38). 
Another plausible hypothesis of the effect of iron deficiency on 
fetal growth was that erythrocytes and the fetal-placental unit 
could suffer oxidative damage caused by iron deficiency. Finally, 
possible maternal infections could increase with iron deficiency, 
and might enable the production of the corticotropin-releasing 
hormone (35).
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CONCLUSION 

In the present study, we observed that age and gestity were not 
a risk factor for iron deficiency in pregnant women.

Hemoglobin, hematocrit, serum iron, total iron binding capacity 
of transferrin and saturation coefficient of transferrin in the fetus 
were in a linear relationship with those in the mother. Accord-
ingly, any deficiency in these components of the status of iron 
or alteration in their metabolic regulation was likely to develop 
pathologies related to the optimal intake of iron in the newborn 
which could be complicated in adulthood.

Birth weight was affected by the rate of hemoglobin and mater-
nal hematocrit. The other parameters of iron status did not seem 
to have much direct link with birth weight of newborns in the 
present study.

Much work has to be achieved with a larger population, depict-
ing situations of high iron deficiency or excess for a better defini-
tion of the fetal-maternal relationships that may occur.

ACKNOWLEDGMENTS

The authors would like to thank all the staff of Doctor Khaldi 
Abed Elazziz Maternity and Hospital Bouguera Boulaaras Bekaria 
Laboratory of Tébessa wilaya. The authors are grateful to the study 
participants for their kind collaboration.

REFERENCES 

1. Allen HL. Anemia and iron deficiency: Effects on pregnancy outcome. Am J 
Clin Nutr 2000;71(5):1280S-4S.

2. Shao J, Lou J, Rao R, Georgieff MK, Kaciroti N, Felt BT, et al. Maternal 
serum ferritin concentration is positively associated with newborn iron stores 
in women with low ferritin status in late pregnancy. J Nutr 2012;142(11): 
2004-9.

3. Turgeon ML. Clinical hematology: Theory and procedures. 4th ed: Lippincott 
Williams and Wilkins; 2004. p. 117.

4. Bothwell TH. Iron requirements in pregnancy and strategies to meet them. 
Am J Clin Nutr 2000;72(1):S257-64.

5. Gambling L, Christine L, McArdle HJ. Fetal regulation of iron transport during 
pregnancy. Am J Clin Nutr 2011;94(Suppl):S1903-7.

6. Schmitz BAS. Cadernos de atencao basica: carencias de micronutrientes. 
Brasilia (DF): UNICEF; 2007.

7. Cogswell ME, Parvanta I, Ickes L, Yip R, Brittenham GM. Iron supplementation 
during pregnancy, anemia, and birth weight: A randomized controlled trial. 
Am J Clin Nutr 2003;78(4):773-81.

8. Arezki B, Belkadi N. Prévalence de l’anémie ferriprive au cours de la gros-
sesse dans la wilaya de Blida (Nord de l’Algérie). Nutrition Clinique et Méta-
bolisme 2008;22:100-7.

9. Agrawal RMD, Tripathi MA, Agarwal KN. Cord blood haemoglobin, iron and 
ferritin status in maternal anaemia. Acta Padiatr Scand 1983;72(4):545-8.

10. Erdem AM, Arslam M, Yazici G, Eskandari R, Himmetoglu O. The effect of 
maternal anemia and iron deficiency on fetal erythropoiesis: Comparison 
between serum erythropoietin, hemoglobin and ferritin levels in mothers and 
newborns. J Matern Fetal Neonatal Med 2002;11(5):329-32.

11. Jopling J, Henry E, Wiedmeier SE, Christensen RD. Reference ranges 
for hematocrit and blood hemoglobin concentration during the neo-
natal period: Data from a multihospital health care system. Pediatrics 
2009;123:e333-7.

12. Christensen RD, Henry E, Jopling J, Wiedmeier SE. The CBC: Reference ran-
ges for neonates. Semin Perinatol 2009;33:3-11.

13. Chandyo RK, Strand TA, Ulvik RJ, Adhikari RK, Ulak M, Dixit H, et al. Preva-
lence of iron deficiency and anemia among healthy women of reproductive 
age in Bhaktapur, Nepal. Eur J Clin Nutr 2007;61(2):262-9.

14. Emamghorashi F, Heidari T. Iron status of babies born to iron-deficient anaemic 
mothers in an Iranian hospital. East Mediterr Health J 2004;10(6):808-14.

15. Veghari GR, Mansourian AR, Marjani AJ. The comparison of the anaemia in 
pregnant women and non pregnant women in the villages of South-East of 
Caspian Sea, Gorgan-Iran. J Med Sci 2007;7:303-6.

16. Dop MC, Blot I, Dyck JL, Assimadiw K, Hodonouq AKS, Doh A. L’anémie à l’ac-
couchement à Lomé (Togo): prévalence, facteurs de risque et répercussions 
chez le nouveau-né. Rev Epidém et Santé Publ 1992;40:259-67.

17. Sa SAD, Willner E, Pereira TAD, Souza VRD, Boaventura GT, Azeredo VBD. 
Anemia in pregnancy: Impact on weight and in the development of anemia 
in newborn. Nutr Hosp 2015;32(5):2071-9.

18. Dapper DV, Didia BC. Hemorheological parameters of umbilical cord blood of 
Nigerian newborns: Correlation with maternal parameters. West Afr J Med 
2006;25(3):226-30.

19. Nneli RO, Amadi SCA, Nwafia WC. Certain red blood cell Indices of maternal 
and umbilical cord blood in Owerri, Nigeria: A preliminary report. Ann Med 
Health Sci Res 2011;1(1):1-8.

20. Chang LL, Chan K, Yong YC, Sivasamboo R. Some haematological differen-
ces between the blood of mothers and their newborn infants. Sing Med J 
1972;13:280-3.

21. MacPhail AP, Charlton RW, Bothwell TH, Torrance JD. The relationship between 
maternal and infant iron status. Scand J Haematol 1980;25(2):141-50.

22. Singla PN, Chand S, Khanna S, Agarwal KN. Effect of maternal anaemia on 
the placenta and the newborn infant. Acta Paediatrica 1978;67(5):645-8.

23. Turkey S, Tanzer F, Gultekin A, Bakici MZ. The Influence of maternal iron 
deficiency anaemia on haemoglobin concentration of the infant. J Trop Pediat 
1995;41:369-71.

24. Barker DJ. The fetal origins of coronary heart disease. Acta Paediatr Suppl 
1997;86(S422):78-82.

25. Eriksson JG. Early growth, and coronary heart disease and type 2 diabetes: 
Experiences from the Helsinki Birth Cohort Studies. Int J Obes 2006;30(Suppl 
4):S18-22.

26. Paiva AA, Rondó HP, Pagliusi RA, Latorre RM, Cardoso MA, Gondim SS. 
Relationship between the iron status of pregnant women and their newborns. 
Rev Saude Publica 2007;41(3):321-7.

27. Gambling L, Danzeisen R, Gair S, Lea RG, Charania Z, Solanky N, et al. Effect 
of iron deficiency on placental transfer of iron and expression of iron transport 
proteins in vivo and in vitro. Biochem J 2001;356(3):883-9.

28. Gambling L, Czopek A, Andersen HS, Holtrop G, Srai SK, Kreipcio Z, et al. Fetal 
iron status regulates maternal iron metabolism during pregnancy in the rat. 
Am J Physiol 2009;296(4):R1063-70.

29. Puolakka J, Jänne O, Vihko R. Evaluation by serum ferritin assay of the 
influence of maternal iron stores on the iron status of newborns and infants. 
Acta Obstet Gynecol Scand Suppl 1980;95:53-6.

30. Gambling L, Andersen HS, Czopek A, Wojciak R, Kreipcio Z, McArdle HJ. 
Effect of timing of iron supplementation on maternal and neonatal growth and 
iron status of iron-deficient pregnant rats. J Physiol 2004;561Pt1:195-203.

31. Scanlon KS, Yip R, Schieve LA, Cogswell ME. High and low hemoglobin levels 
during pregnancy: Differential risks for preterm birth and small for gestational 
age. Obstet Gynecol 2000;96(5 Pt1):741-8.

32. Alwan NA, Greenwood DC, Simpson NA, McArdle HJ, Godfrey KM, Cade JE. 
Dietary iron intake during early pregnancy and birth outcomes in a cohort of 
British women. Hum Reprod 2011;26(4):911-9.

33. Pollack RN, Divon MY. Intrauterine growth retardation: Definition, classifica-
tion, and etiology. Clin Obstet Gynecol 1992;35(1):99-107.

34. Rodríguez-Bernal CL, Rebagliato M, Ballester F. Maternal nutrition and fetal 
growth: The role of iron status and intake during pregnancy. Nutr Diet Suppl 
2012;4:25-37.

35. Allen LH. Biological mechanisms that might underlie iron’s effects on fetal 
growth and preterm birth. J Nutr 2001;131(Suppl 2):581S-9S.

36. Campos MS, Barrionuevo, Alférez MJ, Gómez-Ayala AE, Rodríquez-Matas MC, 
López L, et al. Interactions among iron, calcium, phosphorus and magnesium 
in the nutritionally iron-deficient rat. Exp Physiol 1998;86(6):771-81. 

37. Fowden AL, Szemere J, Hughes P, Gilmour RS, Gilmour AJ. The effects of 
cortisol on the growth rate of the sheep fetus during late gestation. J Endo-
crinol 1996;151(1):97-105.

38. Li J, Saunders JC, Gilmour RS, Silver M, Fowden AL. Insulin-like growth 
factor-II messenger ribonucleic acid expression in fetal tissues of the sheep 
during late gestation: Effects of cortisol. Endocrinol 1993;132(5):2083-9. 


