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Abstract 
Research Question: To evaluate the influence of depleted iron stores in pregnant women on 

the iron stores of their babies at birth and at the age of three months.  

 

Setting: Tertiary level hospital.  

 

Design: Randomized controlled study.   

 

Participants: Thirty nine full term pregnant women and babies born to them.  

 

Methodology: Pregnant women were divided into non-iron deficient group, I (Serum ferritin 

≥ 12 ng/ml) and iron deficient group, II (Serum ferritin < 12 ng/ml).  Serum ferritin levels in 

non-iron deficient and iron deficient pregnant women just before delivery, serum ferritin 

levels and iron uptake gradient in their babies at birth and values of serum ferritin, 

hemoglobin and RBC indices (MCV and MCH) were also evaluated in babies at the age of 

three months.  

 

Results: Values of serum ferritin concentration were within normal range in babies born to 

mothers of group I and II at birth as well as three months of age, no significant difference 

was noticed in their mean serum ferritin levels. At birth, mean iron uptake gradient of 

babies born to iron deficient mothers was 7.71 folds higher than that of babies born to non-

iron deficient mothers. MCV and MCH values were lower than normal (Microcytic and 

Hypochromic RBC) at three months of age in equal per cent (11.11%) of babies born to 

mothers of group I, while they were lower in 31.5 and 36.8 per cent babies respectively born 

to mothers of group II. Thus mean MCV and MCH values of babies born to mothers of iron 

deficient group II, were significantly lower than those of babies born to mothers of group I.  

Serum ferritin  level  remains normal at birth and at three months of age in babies born to 

mothers of both groups but higher per cent of babies born to mothers of group II have 

microcytic and hypochromic RBCs at three months of age. It suggests that babies born to 

iron deficient mothers are capable of acquiring serum ferritin almost in similar range to 

those born to non-iron deficient mothers, which is able to protect babies from iron 

deficiency at birth but is unable to do so when babies grow up to third postnatal month. As 

a result, such babies may become more vulnerable to develop iron deficiency at an early 

infancy, which may progress to full blown anemia by 6-9 months of age. Therefore, it is 

suggested that RBC indices (MCV & MCH) may act as early markers of iron deficiency state 

and thus, screening of babies with more than one parameter may be considered in 

detecting iron deficiency at an early stage during infancy especially in the cases whose 

mothers are iron deficit during pregnancy period.  
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Introduction 
Maternal health and nutritional status affect the pregnancy to a great extent. Different 

types of micro and macronutrient deficiencies during pregnancy or pre-pregnancy period 

adversely affect pregnancy outcome directly and/or indirectly in neonatal period, early 

infancy and late infancy or even at later stages in life of a child. Babies born to anemic 

mothers may have premature birth or low birth weight and may suffer from intra uterine 

growth retardation and cognitive problems which may persist in adulthood. 1,2  But it is still 

not clear whether a baby born to a mother of depleted serum ferritin level (indicator of 

body iron stores) will develop depleted stores of iron or not and relationship between 

maternal and fetal iron stores is still controversial.3 4 5These are contrary to the reports of 

other studies.6,7,8,9 who indicated that newborn infants born to mothers with depleted  iron 

stores have low ferritin levels in cord blood than infants born to mothers with full iron 

stores. Therefore, in this study, serum ferritin levels were measured in pregnant women and 

in their babies at birth and  at three months of age to find out whether severe iron 

deficiency  women during pregnancy affects the iron stores of their babies or not. Iron 

uptake gradient (ratio of serum ferritin level of a baby at birth to serum ferritin level of its 

mother) has been studied to investigate the mechanism of materno-fetal transport of iron. 

RBC indices (MCV and MCH) have also been studied in babies at the age of three months to 

find out the status of iron deficiency. 

 

Materials and Methods  
Full term pregnant women, visited the Obstetrics and Gynecology OPD, Shree Sayaji General 

Hospital, Vadodara were selected irrespective of the fact whether they had taken iron 

supplementation during pregnancy or not. 

Subject selection: Pregnant women having hemoglobin ≤7 gm/dl (labeled as severely 

anemic) and ≥10 gm/dl (labeled as normal) were included to eliminate moderately anemic 

subjects. However, pregnant women suffering with any systemic illness, malaria or any 

hemoglobinopathy and who delivered preterm babies or babies suffering from septicemia 

and perinatal asphyxia were not included. 

Thirty nine subjects (mothers) were selected on the basis of their serum ferritin levels, 

estimated just prior to delivery and divided them into two groups (I and II). 

GROUP I: This group had non iron deficient mothers (serum ferritin level ≥ 12ng/ml). 

GROUP II: This group had iron deficient mothers (serum ferritin level < 12ng/ml). 

Following parameters were studied in the babies born to mothers of both groups at 

different age intervals: 

1. Serum ferritin level (at birth and at three months of age) 

2. Iron uptake gradient  (X) (at birth) 

Iron uptake gradient was calculated as follows: 

 

           
3. Values of RBC Indices  (MCV and MCH) (at three months of age who turned on follow 

up)   
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Observations 
Mean serum ferritin values in pregnant women of group I (non-iron deficient) and II (iron-

deficient), prior to delivery were 36.58 ± 5.00 and 5.074 ± 0.52 ng/ml respectively. However, 

mean serum ferritin values of their babies were137.62 ± 11.67 and 154.66 ± 17.98 ng/ml 

respectively at birth. Though the mean serum ferritin value in babies born to mothers of 

group II were slightly higher than babies born to mothers of group I but the difference was 

statistically insignificant (P>0.05) and remained almost within normal range at birth. 

                

Table 1: Parameters estimated in mothers (just prior to delivery) and in babies (at birth) of 

group I and II 

 

                 

 

 

 

 

 

 

 

                   Values were expressed as Mean ± SE,     * p <0.05 is significant. 

 

       Table 2: Serum ferritin levels and blood indices of babies at the three months of age 

 

Values were expressed as Mean ± SE,   *p<0.05 is significant. 

Mean serum ferritin levels were also estimated in babies born to mothers of both the 

groups at the age of three months and found to be 48.62 ± 6.71 and 52.08 ± 8.91ng/ml 

respectively and the difference was also found insignificant (P>0.05). 

Mean iron uptake gradient was 5.57±0.90 in babies born to mothers of group I and 

42.98±5.94 in babies born to mothers of group II. Statistical analysis indicated that mean 

iron uptake gradient was significantly higher in babies born to pregnant women of group II 

than of group I (Table-1).  

 Mean MCV value in babies born to mothers of group I was 83.39 ±1.70 fl, while in babies 

born to mothers of group II it was 76.86 ±1.62 fl at the age of three months and their 

difference was found to be statistically significant (p<0.05) (table- 2). Babies having MCV 

value < 74 fl were labeled as microcytic RBCs and these  microcytic RBCs were observed in 

12.5 per cent babies born to pregnant women of group I, while they were in 31.6 per cent of 

babies born to mothers of group II. However, mean MCH values in babies of group I and II 

were 28.72 ±0.75 pg and 26.20 ±0.76 pg respectively and the difference of their mean was 

also statistically significant (p<0.05). Babies having MCH value < 25 pg were labeled as 

Parameters 

 

Group I 

(n=18) 

Group II 

(n=21) 

p value 

Serum ferritin levels of mother  

Just prior to delivery (ng/ml) 
36.58±5.00 5.074±0.52  

Serum ferritin levels of babies 

At birth (ng/ml) 
137.62±11.66 154.66±17.98 0.43 

Iron uptake gradient 5.57±0.90 42.98±5.94* 0.000 

Parameters 

 

Group I 

(n=18) 

Group II 

(n=21) 

P value 

Serum ferritin levels (ng/ml) 48.62±6.71 52.08±8.91 0.76 

MCV (fl) 
83.39±1.70 76.86±1.62* 0.008 

MCH (pg) 
28.72±0.75 26.20±0.76* 0.02 
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hypochromic RBCs and were noticed in 16.5 per cent babies born to pregnant women of 

group I, while they were in 36.12 per cent of babies born to pregnant women of group II.  

 

Discussion  

The iron stores of newborn infants are an important source of iron for hemoglobin 

formation and to meet other metabolic demands in first few months of life because infants 

have poor exogenous supply of iron till they are exclusively breastfed. Rios et al.10 and 

Kaneshige E et al6 reported that ferritin level was much higher in cord blood than maternal 

blood and no significant difference was reported in mean serum ferritin values in infants 

born to anemic and non-anemic mothers. Hussain et al.11also reported that mean maternal 

serum ferritin at the end of pregnancy was much lesser as compared to mean ferritin level 

in their newborns. Similarly, Wong et al.12 and Killbride et al.13did not find a significant 

difference between cord serum ferritin concentration in babies of anemic and non-anemic 

groups of mothers.  On the contrary, Kelly et al.14, Macphail et al.15, Poulakka et al.9, 

Agrawal et al. 16 and Kumar et al. 17 stated that babies born to iron deficient mothers had 

lower serum ferritin levels in cord blood as compared to babies born iron replete mothers. 

These results suggest that iron transfer from mother to fetus depends on iron status of 

mother or independent to maternal iron status is still controversial. In the present study, 

serum ferritin concentration was significantly higher in mothers of non-iron deficient group 

as compared to iron deficient group but there was no significant difference in mean serum 

ferritin levels in babies born to both types of mothers and were almost similar, which 

indicate that neonatal iron stores are independent of maternal iron stores and are 

maintained at normal threshold level irrespective of maternal iron level. These findings are 

in good agreement to that of the results of  Erdem et al. 18 and Hokama et al.19 who stated 

that active iron transport results in higher ferritin concentration in cord blood as compared 

to that in maternal plasma and also indicated that babies born to severely iron deficient 

mothers are capable of acquiring iron stores similar to those born to non-iron deficient 

mothers. This is only possible when some active transport mechanism is functioning at 

placental level, which maintains adequate transfer of iron from mother to fetus irrespective 

of maternal iron stores status. We are of the opinion that probably active transport 

mechanism of iron transfer to fetus was upgraded in severely iron deficient mothers and 

iron was transported to fetus against a much lower concentration gradient in iron deficient 

mothers. This could explain the cause of 7.71 times higher iron uptake gradient in babies 

born to iron deficient mothers as compared to non-iron deficient mothers.  We assume that  

severe maternal iron deficiency probably causes some biochemical changes in placenta 

proportional to maternal iron deficiency, which helps to fulfill the fetal iron demands.  

Findings of Bierings et al. 20 and Gambling et al.21 also support the present hypothesis and 

suggest that iron transfer capacity across the placenta increases in iron deficiency through 

increased expression of transferrin receptor proteins on syncitiotrophoblast of placenta, 

which in turn tries to minimize the level of iron deficiency in the fetus. Similarly, Hokama et 

al.19 also reported that ratio of cord blood plasma ferritin and maternal plasma ferritin 

concentration (C/M ratio) seems to be a good indicator of unidirectional active transport 

process in materno-fetal transport of iron.  

 No significant difference was noticed between mean values of serum ferritin in babies born 

to non iron deficient and iron deficient mothers at the age of three months but, mean 

serum ferritin level was lower at the age of three months than at birth in babies of both 

groups, which indicates that serum ferritin level gradually decreases as the age advances 
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and attains an almost equal level in babies born to mothers of both groups at the age of 

three months.  

Higher percentage of babies born to mothers of group II had microcytic and hypochromic 

RBCs at the age of three months as compared to babies born to mothers of group I, which 

likely suggests that the features of iron deficiency starts appearing as early as three months 

of age in form of microcytic and hypochromic RBCs in babies of both groups due to 

increased physiological demands but probably the influence of severely depressed maternal 

iron stores adds to it and led to appearance of microcytic and hypochromic RBCs in higher 

percent of babies born to mothers of group II even when the serum ferritin level remained 

within normal range in babies born to mothers of both groups.  Thus it is suggested that 

serum ferritin level alone may not be taken as an indicator to label the iron deficiency and 

therefore, more than one parameter may be considered to detect the iron deficiency in 

early infancy. Babies born to severely anemic mothers may be started with iron 

supplementation from three months of age rather than routine supplementation from age 

of six months.  

 

Conclusions 
� Study of serum ferritin indicated that iron stores of mothers does not affect the iron 

stores of babies at birth and three months of age. 

� On the contrary, study of RBC indices suggested that  maternal anemia possibly starts 

affecting the baby by the end of third postnatal month and may progress to full blown 

anemia between 6-9 months of age. 

� Absence of linear relationship between serum ferritin level of a mother and his/her baby 

at birth and higher value of mean iron uptake gradient of babies in group II than group I 

indicated that iron is transported from mother to fetus through placenta via a 

unidirectional active transport process.  

 

Source of Funding:  None 

Competing Interests: None 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INDIAN JOURNAL OF MATERNAL AND CHILD HEALTH,2015   JAN – MAR;17(1) 

 

 7 

 

References  

1 Singla PN, Tyagi M, Kumar A, Dash D, Shankar R. Fetal growth in maternal anemia. J 

Trop Pediatr. 1997; 43: 89-92. 

2 Tamura T, Goldenberg RL, Johnston KE, Cliver SP, Hickey CA.  Serum ferritin : a 

predictor of early spontaneous preterm delivery. Obstet Gynecol. 1996; 87:360-365 

3 Tchernia G, Blot I. Carence martialle chez la femme enceinte: Repercussion sur le 

nouveau-nC. INSERM. 1983; 113: 89-98. 

4 Zittoun J, Blot I, Zittoun R, Papiernik E, Tchernia G. Iron supplements versus placebo 

during pregnancy: its effects on iron folate status on mothers and newborns. Ann 

Nutr Metab. 1983; 27; 320-327. 

5 Pritchard J, Macdonald JS, Grant NL. In William's Obstetric. New York: Appleton 

Century Crofts 1985; 563-565. 

6 Kaneshige E. Serum ferritin as an assessment of iron stores and others hematologic 

parameters during pregnancy. Obstet Gynecol 1981; 57: 238-242. 

7 Naeye RL. In Perinatal Diseases. Naeye RL, Kissane JM, Kaufman N, (eds.) Baltimore: 

Williams & Wilkins, 1981;52-56. 

8 Milman N, Ibsen KK, Christensen JM. Serum ferritin and iron status in mothers and 

newborn infants. Acta Obstet Gynecol Scand 1987; 66:205-211. 

9 Puolakka J, Janne O. Serum ferritin during pregnancy and after delivery: Comparison 

with other laboratory parameters used in evaluation of iron stores. Nordiclab News. 

1982; 2: 97-100. 

10 Rios E, Lipschitz A, David A, Cook JD, Smith NJ. Relationship of maternal and infant 

iron stores as assessed by determination of plasma ferritin. Pediatrics. 1975; 55: 694-

699. 

11 Hussain MAM, Gaafar TH, Laulicht M, Hoffbrand AV. Relation of maternal and cord 

blood serum ferritin . Arch Dis Child. 1977; 52: 782-784. 

12 Wong CT, Saha N. Inter-relationships of storage iron in the mother, the placenta and 

the newborn. Acta Obstet Gynecol Scand. 1990; 69:613-616. 

13 Killbride J, Baker TJ, Parapia LA, Khoury SA, Shuquaidef SW, Jerwood D. Anemia 

during pregnancy as a risk factor for iron-deficiency anemia in infancy: a case-control 

study in Jordon. Int J Epidemiol. 1999; 28: 461-468. 

14 Kelly AM, McDonald DJ, McDougal AN. Observation on maternal and fetal ferritin  

concentrations at term. Br J Obstet Gynaecol. 1978; 85: 338-343.  

15 Macphail AP, Charlton RW, Bothwell TH, Torrance JD. The relationship between 

maternal and infant iron status. Scand J Haematol. 1980; 25; 141-150. 

16 Agrawal KN, Agrawal DK, Mishra KP. Impact of anemia prophylaxis in pregnancy on 

maternal hemoglobin, serum ferritin and birth weight. Ind J Med Res. 1991; 94: 277-

280. 

17 Kumar A, Rai AK, Basu S, Dash D, Singh JS. Cord blood and breast milk iron status in 

maternal anemia. Pediatr. 2008; 121: 673-677. 

18 Erdem A, Erdem M, Arslan M, Yazici G, Eskandari R, Himmetoglu O. Effect of 

maternal anemia and iron deficiency on fetal erythropoiesis: Comparison between 



INDIAN JOURNAL OF MATERNAL AND CHILD HEALTH,2015   JAN – MAR;17(1) 

 

 8 

 

serum erythropoietin, hemoglobin and serum ferritin levels in mothers and 

newborns. J Mat Fet Neonat Med. 2002; 11:329-332. 

19 Hokama T, Takenaka S, Hirayama K, Yara A, Yoshida K, Itokazu K, Kinjho R, Yabu E. 

Iron status of newborns born to iron deficient anaemic mothers. J Tropical Pediatr. 

1996, 42: 75-77. 

20 Bierings MB, Baert MRM, Eijk, HGV, Dijk JPV. Regulatory aspects of placental iron 

transfer: a comparative study. Mol and Cell Biol.1990; 100: 31-38. 

21 Gambling L, Danzeisen R, Gair S, Lea R, Charania Z, Solanki N, Joory DK, Srai SK, 

McArdle JH. Effect of iron deficiency on placental transfer of iron and expression of 

iron transport proteins in vivo and in vitro. Biochem J. 2001; 356: 883-889. 

 

 

 

 

 

 

 

 

 

 

 


