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Background: The effect of maternal iron supplementation during lactation on the iron status of exclusively breastfed low-birth-weight (LBW) infants is not known.

Objective: (1) To find out the number of LBW exclusively breastfed infants having hemoglobin < 10.5 g/dL at 6 months when mothers received iron. (2) To find out the proportion of anemic infants when mothers received iron for 3 and 6 months.

Design: The Clinical Trials Registry, India (CTRI) registered trial (CTRI/2018/08/015516) double-blind randomized control trial participants: A total of 80 anemic mothers and exclusively breastfed LBW infants.

Intervention: A total of 80 anemic mothers and exclusively breastfed infants, birth weight 1,500–2,499 g, randomized into two groups of 40 each. Mothers received daily iron for 3 months and placebo for the next 3 months in group A and iron for 6 months in group B. Iron profile of mothers and infants measured at recruitment and 6 months.

Results: In total, 26.6% infants developed anemia till 6 months of age, and number of anemic infants were similar whether mothers received iron for 3 (n = 9) or 6 months (n = 11). Hemoglobin (12.89 + 0.46 vs. 12.44 + 0.48 g/dL; p < 0.001) and serum ferritin (27.45 + 7.60 vs. 18.94 + 5.36 ng/mL; p < 0.001) were significantly higher in infants at 6 months of age whose mothers received iron for 6 months in comparison to 3 months. Conclusion: totally, 26.6% exclusively breastfed infants developed anemia till 6 months of age when mothers took iron; number of anemic infants were not different if mothers received iron for 3 or 6 months. A significant increase was noted in serum ferritin with slightly higher hemoglobin of infants when mothers received iron for longer duration.

Clinical trial registration: [http://ctri.nic.in/Clinicaltrials/pubview.php], identifier [CTRI/2018/08/015516].
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Introduction

Iron deficiency is the most prevalent and treatable cause of anemia. The World Health Organization (WHO) published a Global Health Observatory Data in 2016 showing the population at risk of iron deficiency; women in reproductive age group (39%), pregnant women (46%), and children below 5 years of age particularly infants (42%) (1). It is worrying to see that the prevalence of anemia has spiked in India among children aged 6–59 months in the recent National Family Health Survey-5 (NFHS) conducted in the year 2019–2021 compared with NFHS-4 (2015–2016). There is 8.5% rise in the prevalence of anemia from 58.6% (NFHS-4) to 67.1% (NFHS-5), and rural children are doing poorer (68.3%) than their urban peers 64.2%). During the same period, a rise of 1.8% in the prevalence of anemia is seen in the pregnant women from 50.4 to 52.2%, but the difference in the rural and urban pregnant women is alarming (54.3 vs. 45.7%) (2). WHO recommends exclusive breastfeeding to infants for the first 6 months after birth for optimal growth and development (3). Having good bioavailability of the breast milk iron content varies widely during lactation (4). Term infants on exclusive breastfeeding do not require iron supplementation (5). Low birth weight (LBW) and preterm infants are born with lower iron stores compared with term infants (6). Exclusive breastfeeding, coupled with low iron stores, is not sufficient to meet the growing iron requirements and can cause iron deficiency in these infants. Iron supplementation is, therefore, recommended to LBW and preterm infants from 4 to 6 weeks of age (7). Iron supplementation, however, puts the infant at risk of gastrointestinal side effects, such as diarrhea, constipation, and loose stools, and poor compliance has also been reported (8). Recent evidence shows that oral iron administration induces pathogenic overgrowth and increases the virulence of prevalent enteric pathogens (9). Thus, an alternative approach can be adopted, wherein by replenishing maternal iron stores during lactation, the infant may acquire adequate amount of iron via breastfeeding catering to its iron requirements, as well as of its mother’s, bypassing the side effects of oral iron supplementation. Oral iron administration does cause gastrointestinal side effects in the lactating mothers (10), but some iron compounds have better tolerability and efficacy (11) and can be given to lactating mothers. This study has, therefore, been undertaken to assess the iron status of exclusively breastfed LBW infants born to anemic mothers who are supplemented with oral iron during lactation for 3 vs. 6 months with the following objectives.


Objectives

(1) To find out the number of LBW exclusively breastfed infants developing anemia [hemoglobin (Hb) < 10.5 g/dL] by 6 months of age when their mothers receive oral iron supplementation.

(2) To find out proportion of anemic infants when mothers receive iron for 3 and 6 months, respectively.

(3) Secondary objective: To find out serum ferritin concentration in LBW infants at 6 months when mothers have received iron for 3 and 6 months, respectively.




Materials and methods

The Clinical Trials Registry, India (CTRI)-registered double-blind randomized trial was carried in the Department of Pediatrics and Neonatology, in a teaching hospital from September 2018 to March 2020. Approval from the Institutional Ethics Committee for Human Research (ELMC/R_Cell/EC/2018/49) was obtained. Trial design was based on P (population) I (intervention) C (comparator) O (outcome) format.


Participants

Informed consent was taken, and 80 anemic mothers (Hb 7–11.9 g/dL) and their singleton LBW infants weighing 1,500–2,499 g irrespective of the gestation and sex were recruited within 7 days of birth. Exclusive breastfeeding was started within the first hour of birth and continued till 6 months of age. Predominantly breastfed infants were also included in the study.

Exclusion criteria were as follows: mothers with the history of antepartum hemorrhage, eclampsia, or blood transfusion. Infants born with major congenital malformation, chromosomal anomalies, genetic and metabolic disorder; infants requiring blood transfusion, exchange transfusion, treated for sepsis, or initiated on formula feeding in early neonatal period.



Randomization and blinding

Randomization of the subjects was performed by a computer-generated randomization table into two groups where mothers received either iron for 6 months or iron for 3 months followed by placebo for the next 3 months. The drug and placebo were coded in the randomization sequence as A or B and serially numbered in a randomization sequence from 1 to 80 by a third person not involved in the study, and key was kept by the same person. The allocation of mother–infant pair to intervention or control group was carried out by the serially numbered opaque sealed envelope (SNOSE) concealment technique. Randomization key was decoded in two steps. First, the serial numbers were converted to either A or B, and data were analyzed. After the statistical results were available, the second decoding was done; “A” included anemic mothers receiving iron for 3 months and placebo for the next 3 months (control group) and mothers in group “B” received iron for 6 months (intervention or study group). Thus, subjects, investigators, and data analyzers were not aware of the characteristics of the two groups until the results were revealed.


Iron capsules and placebo

Zuventus Healthcare, India provided samples of Ferrous ascorbate tablets (100 mg of elemental iron per tab). Iron Capsules and placebo(inert sugar) were prepared by pharmacy department. Both the drugs had same shape, color, and size. All mothers were given one iron capsule for daily consumption in the first 3 months followed by same iron dose to the intervention group or placebo to the control group for the next 3 months.




Follow-up

Relevant history, height, weight, and BMI of mothers were recorded. Anthropometric parameters of the infant (i.e., weight, length, and head circumference) were recorded as per standard methods. Each mother and baby were followed up at 6 (±1), 10 (+1), 14 (±1), and 18 (±1) weeks and at 6 months (±1) of age. The mothers were counseled to practice exclusive breastfeeding and advised to take the prescribed drug daily. Empty capsule bottles were collected at each visit to check for compliance. Mothers who did not take the capsule consecutively for 2 weeks or >15% were considered “non-compliant.” All mothers were inquired for any adverse effects (i.e., constipation, loose stools, gastritis, vomiting, and black stools) at each visit. Infants were immunized as per the State Immunization Schedule, and their anthropometric parameters were recorded. The LBW infants should have received iron as per standard norms from the age of 6 weeks. To address this ethical issue, Hb of all infants was estimated at each follow-up. About 0.02 mL capillary blood was taken by heal prick, and Hb was estimated using the cyanmethemoglobin method. If the infant developed anemia (Hb < 10.5 g/dL), then iron supplementation was given at 2 mg/kg/day elemental iron for 2 months or till Hb reached ≥10.5 g/dL.



Investigations

On recruitment, maternal and infant’s venous blood samples were collected. Maternal and infant’s Hb was estimated by automated hematology cell counter XS-800i (Sysmex Hemat Analyzer, Norderstedt, Germany). Serum was separated and stored at −20°C for estimation of serum ferritin and serum iron. At 6 months of age, venous blood was drawn from the mother–infant dyad to measure serum ferritin and serum iron. Ferritin was measured using ELISA kit–Calbiotech Ferritin EIA [The Calbiotech Inc., El Cajon, CA, United States, lot no. FR248T]. Quantitative C-reactive protein (CRP) was determined alongside serum ferritin to rule out false rise in the serum ferritin levels due to bacterial infection.



Sample size

No study was available, which inquired effect of the iron supplementation to the anemic mothers on the hematological profile of their LBW infants. In a study by Hegde et al. (12), 26.8% late preterm infants were found anemic at 6 months of age irrespective of the iron supplementation to them at 2 or 4 mg/kg/day. We assumed this study closer to our objectives as iron supplementation to the lactating mothers may be a surrogate for iron supplementation to the LBW infants. Assuming the prevalence of anemia in the exclusively breastfed LBW infants to be approximately 30% when their mothers were supplemented with iron during lactation, and then 33 infants in each group (80% power; 5% significance level) would be sufficient by the following formula. Assuming a dropout rate of 15%, a total of 80 infants and their mothers were recruited with 40 infant–mother pairs in each group.

[image: image]

p1 = 0.268 (26.8%); anemic children after iron supplementation.

p2 = 0.295 (29.5%); anemic children when mothers received iron.

e = 0.5 (p2/p1), clinically significant risk difference Type I error, α = 5%.

Type II error β = 20% for setting power of study 80% Data loss factor = 15%.

The sample size is calculated to be n = 40.



Statistical analysis

Data were analyzed using the SPSS software (version 21.0). Mean, median, and interquartile range (IQR) were determined for quantitative variables, and qualitative variables were presented in numbers and percentage. Mean and standard deviation (SD) values of serum iron, serum ferritin at recruitment and 6 months were compared using the paired t-test. The chi-square was applied to compare the proportion of qualitative variables between the groups. One-way ANOVA was applied to test for serum iron parameters for development of anemia over time. A correlation between mothers’ serum ferritin with that of infants was measured by the Pearson correlation coefficient. P-value < 0.05 was considered significant.



Definitions


Anemia

Hb of <12 g/dL in lactating women and <10.5 g/dL during infancy (13).



Iron deficiency state

Serum ferritin level of <12 ng/mL (13).



Low birth weight

Absolute birth weight of <2,500 g irrespective of the gestational age. Very low birth weight (VLBW) is birth weight <1,500 g (14).



Preterm

Babies born alive before completed 37 weeks of pregnancy (15).



Small for gestational age

Fetus or newborn with birth weight below 10th percentile for the infant’s gestational age and sex (16).



Appropriate for gestational age

Fetus or newborn with the birth weight between 10th and 90th percentiles for the infant’s gestational age and sex (16).



Exclusive breastfeeding

Exclusive breastfeeding is defined as no other food or drink, not even water, except breast milk (including expressed breast milk), but allows the infant to receive oral rehydration solution (ORS), drops, and syrups (vitamins, minerals, and medicines) (17).



Predominantly breastfed

“Predominant breastfeeding” means that the infant’s predominant source of nourishment has been breast milk (including milk expressed or/from a wet nurse) as the predominant source of nourishment). However, the infant may have received liquids (i.e., water and water-based drinks and fruit juice), ritual fluids and ORS, drops, or syrups (i.e., vitamins, minerals, and medicines) (17).





Results

Eighty anemic mothers and their LBW infants were randomized into two groups in a block of 1:1. Mothers received oral iron daily for 3 months and placebo for the next 3 months in the control group or iron alone for 6 months in the intervention group during lactation. Total 75 mother–infant pairs (36 in control and 39 in intervention groups), completed follow-up till 6 months of age (Figure 1). The baseline characteristics of the mothers (i.e., age, BMI, gravidity, parity, and mode of delivery) and their infants (i.e., birth weight, sex, gestational age, and anthropometrical parameters) were comparable in both the groups (Table 1). Mean Hb (10.08 ± 0.65 vs. 10.02 ± 0.63 g/dL; p = 0.678) and serum ferritin (9.87 ± 0.90 vs. 9.65 ± 1.23 ng/mL; p = 0.394) of the mothers in the control and intervention groups, respectively, were not different and were consistent with the iron deficiency state. Similarly Hb (18.14 ± 1.3 g/dL) and serum ferritin (128.64 ± 40.28 ng/mL) of the LBW infants in the control group were similar to Hb (18.15 ± 1.23 g/dL) and serum ferritin (128.74 ± 44.75 ng/mL) of the infants in the intervention group on recruitment (Table 2). Further after excluding subjects due to loss to follow-up (n = 5), no significant difference was observed in the baseline profile of the remaining 75 mother–infant dyads in the two groups.
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FIGURE 1
Study flow chart.



TABLE 1    Baseline characteristics of mothers and infants at recruitment.
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TABLE 2    Baseline hematological parameters of mothers and infants at recruitment.
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Notably, 20 out of 75 (26.7%) exclusively breastfed LBW infants developed anemia (Hb < 10.5 g/dL) till 6 months of age in two groups. In the control group, six infants at 6 weeks, two infants at 10 weeks, and one infant at 14 weeks (total 9/36, 25% infants) developed anemia on follow-up. In the intervention group, the number of anemic infants were 5, 4, and 2 (total 11/39, 28.2% infants) during the same period and were comparable in the two groups. None of the infants was found anemic at 18 weeks and at 6 months of age. Thus, a total of 26.7% (n = 20/75) infants in the two groups developed anemia and required iron supplementation at 6, 10, and 14 weeks on follow-up till 6 months of age (Figure 1).

Exclusively breastfed infants of the mothers receiving daily iron for 6 months had higher serum ferritin concentration (27.45 ± 7.60 vs. 18.94 ± 5.36 ng/mL; p < 0.001) and Hb (12.89 ± 0.46 vs. 12.44 ± 0.48 g/dL; p < 0.001) levels at 6 months of age compared with the infants whose mothers were supplemented with daily iron for 3 months only (Table 3). Only one (1.3%) out of 75 infants had iron deficiency state (serum ferritin < 12 ng/mL) at 6 months of age. This infant belonged to control group. All infants in the study group had serum ferritin ≥15 ng/mL (Table 4). Iron supplementation to anemic mothers during lactation raised serum ferritin and Hb in the exclusively breastfed LBW infants more so when it was done for 6 months compared with 3 months (Figure 2 and Table 5). The anthropometry parameters were similar in two groups at 6 months of age.


TABLE 3    Hematological parameters of mothers and infants at 6 months.
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TABLE 4    Comparison of serum ferritin concentration in babies of both groups at 6 months.
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TABLE 5    Hemoglobin (g/dL) of infants at 6 months and number of infants developing anemia till 6 months.
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FIGURE 2
Serum ferritin (ng/mL) of infants in control vs. study groups at 6 months. Serum ferritin: Control vs. Study group (p < 0.001).


The gestation and birth weight and hematological parameters of the infants on recruitment, who developed anemia during follow-up and required iron supplementation, were also comparable in the two groups but their mean serum ferritin levels (control group 74.20 ± 11.92 ng/mL and study group 85.0 ± 30.99 ng/mL) (Table 6) were lower than the mean ferritin concentration in each group (128.64 ± 40.28 ng/mL in control group; 128.74 ± 44.75 ng/mL in study group) (Table 2). Lower iron endowments at birth might have predisposed these infants to develop anemia during follow-up.


TABLE 6    Baseline hematological parameters of infants at recruitment who developed anemia during follow up and received iron supplementation.
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The maternal iron status too markedly improved irrespective of the duration of iron supplementation, and the serum ferritin concentration rose from the deficient values of 9.87 ± 0.9 and 9.65 ± 1.23 ng/mL at recruitment (Table 2) to 84.77 ± 6.87 and 115 ± 6.95 ng/mL at 6 months in the control and study groups, respectively (Table 3). Further, the rise in the serum ferritin concentration was significantly more (p < 0.001) in the mothers who received iron supplementation for 6 months. The maternal serum ferritin levels at delivery and at 6 months into lactation had overall positive correlation with that of the infants at birth and at 6 months of age. However, maternal serum ferritin concentration at recruitment had over all negative correlation with that of baby’s at 6 months and difference between two groups was significant. This was because of the fact that infants used up their iron endowment and maternal iron supplementation for 6 months in the study group helped these infants to maintain better ferritin concentration (Table 7).


TABLE 7    Correlation of maternal serum ferritin concentration with those of infants at recruitment and 6 months.
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Oral iron supplementation to the mothers caused gastritis and constipation, but none of them had diarrhea or vomiting. Notably, 20 and 15% mothers complained of heart burning and retrosternal discomfort at first follow-up 6 weeks after initiation of oral iron intake in the control and study groups, respectively. Gastritis was found in 10.3 and 10% mothers in the respective groups on second follow-up at 10 weeks. After 14 weeks, 2.6% mothers in the control group and 10.3% mothers in the study group had symptoms of gastritis. The gastritis was present in 2.6 and 5.1% mothers in the respective groups at 18 weeks. Although number of the mothers complaining gastritis was more in the study group at 14 and 18 weeks, while they were receiving iron during this period unlike control group where a placebo was given, the difference was not significant (at 14 weeks p = 0.240, at 18 weeks p = 0.513). Constipation was seen in one mother of the control group only at each follow-up; it was revealed that she suffered from chronic constipation. Constipation was not found in any mother belonging to the study group. No mother stopped iron intake on account of intolerability.



Discussion

This study comprised 80 anemic mothers who were randomized to receive oral iron supplementation daily for either 3 (control group) or 6 months (study group) during lactation and their exclusively breastfed LBW infants. Out of 80 mother–infant pairs, 75 of them (36 in control and 39 in study groups) completed the study. Required sample size was achieved. About 26.7% infants developed anemia till 6 months of age, and the number of infants was not different in two groups. Hb and serum ferritin were significantly higher in the infants at 6 months of age whose mothers received iron for 6 months compared with 3 months. Furthermore, none of the infants developed iron-deficient (ID) state when mothers took iron for 6 months. The maintenance of iron status and prevention of anemia in almost three-fourth of infants at 6 months of age without iron supplementation must be due to higher iron content of the breast milk and transfer of iron to them via breastfeeding only. The CRP concentration was within normal limits.

Iron is the most abundant trace element in the human body and plays a critical role in neuro-cognitive development of the infants and young children. It is also a cofactor in various enzymatic reactions and neurotransmitter synthesis such as tryptophane hydroxylase (serotonin) and tyrosine hydroxylase (norepinephrine); both help in mood elevation (18). Iron remains in the human body bound to two major iron-binding proteins, transferrin and ferritin. In the breast milk, iron is reversibly bound to a specific iron-binding protein, lactoferrin. Inside the body, 60% iron is bound to Hb and 20% iron is stored as ferritin. Less than 1% iron circulates in the blood bound to transferrin (19). Ferritin levels are an important marker for iron status (19, 20). A healthy fetus acquires 1.35 mg/kg iron in the last trimester of pregnancy maintaining an average iron content of 75 mg/kg body weight (21). Breast milk iron contents coupled with iron stores of the infant, acquired near term gestation during intrauterine life, and accumulated in the neonatal period by red cell destruction are sufficient to maintain normal iron metabolism in the first 6 months of life in exclusively breastfed term AGA babies (5). Maternal iron deficiency (ID) decreases body iron contents of the infant at birth in linear proportion to serum ferritin (22). Similarly, preterm infants are born with reduced iron stores as iron transfer to the fetus takes place near term. Severe ID in the mother, in contrast, adversely affects breast milk iron contents also (23, 24). However, ID is not evident in these infants at birth; their Hb and serum ferritin remain within normal limits. These infants use up their iron stores by 2–3 months of age as a result of comparatively rapid body growth and expansion of the vascular compartment. Low iron contents in the breast milk, which vary during lactation and are affected by severity of maternal ID, does not rescue the situation either (4, 6). Iron deficiency and iron deficiency anemia ensues. Mehta et al. reported that 76.9% LBW infants develop anemia between 10 and 6 months of age and ID (serum ferritin < 10 ng/mL) is seen in 32.2% infants at 6 months if they are not supplemented with iron (25). It is recommended that these infants should receive iron from the age of 6–8 weeks in order to replenish body iron stores before erythropoiesis starts so that ID and IDA are prevented. All LBW infants in our study had normal Hb and serum ferritin levels at birth though their mothers were iron deficient and anemic at the time of delivery. They were exclusively breastfed and not supplemented with iron; instead iron was given to their mothers. It was remarkable to see that about three-fourth LBW infants did not develop IDA, and ID was seen in only one infant at 6 months. The Hb and serum ferritin concentration of both the mothers and their infants were significantly higher in 6 months as compared with 3-month iron supplementation group. It could be possible only when sufficient amount of iron was secreted in the breast milk of iron-supplemented mothers, and their exclusively breastfed infants could ingest and absorb iron from the breast milk. Iron metabolism is dynamically controlled in the body, but studies in the human infants and experimental animals have shown that iron transporters such as divalent metal-ion transporter 1 (DMT 1) and ferroportin are dysregulated in the early infancy, and iron homeostasis is either absent or limited (26). Thus, LBW and preterm infants absorb iron present in the breast milk or formula milk independent of serum ferritin and soluble transferrin receptors in early months of life, and this helps them to build iron stores.

We assumed that there was an upregulation of transferrin receptors in the mammary glands of the anemic lactating mothers resulting in an increased uptake of transferrin bound iron from the maternal blood flowing through the mammary gland. Severe ID and IDA in mothers lead to increased expression of transferrin receptors in the breast tissues, which trap more iron and secrete iron in the breast milk (27).

Iron is stored inside the mammary epithelium as ferritin and in the breast milk as lactoferrin. Secretion of iron in the breast milk occurs via iron–lactoferrin complex instead of direct transmembrane transport as lactoferrin is the only known iron-binding protein found in the human milk (28). It has been reported that prevalence of anemia in the LBW infants at the age of 6 months was 26.8% when they were supplemented with oral iron either at 2 or 4 mg/kg/day (12). Iron supplementation to anemic mothers also achieved the same prevalence of anemia in the LBW infants. The oral iron was well tolerated by the mothers, and their Hb and iron status markedly improved irrespective of the duration of iron supplementation. This was a bonus.

Iron content of the breast milk ranges from 0.1 to 1.6 mg/L across different stages of lactation (4). Curran et al. (4) found that iron content of colostrum was higher (1.0 mg/L), whereas mature milk had slightly lower iron concentration of about 0.20–0.80 mg/L. Wide variation is observed in the breast milk iron contents among different ethnicities with higher values in Indian (1.11 mg/L) and Malayan women (1.16 mg/L) compared with the Chinese mothers (0.81 mg/L) (29). Period of gestation at delivery also affects iron contents in the breast milk. Mothers giving birth to preterm babies have higher breast milk iron concentration (39.06 ± 10.78 μmol/L) compared with their peers delivering at term (32.79 ± 14.17 μmol/L) (30). Iron in the breast milk has higher bioavailability of about 49% by radio isotope technique and 16–25% by stable isotope method, which is largely due to high lactoferrin content of the breast milk (31). It can be hypothesized that iron absorption by the infants through breast milk via maternal supplementation will be superior to direct iron supplementation to them because of better bioavailability without adverse effects. Lactoferrin is a multifunctional iron-binding glycoprotein that reversibly binds one ferric ion and remains 10% saturated in the human milk.

Multiple studies have been carried out to assess the impact of maternal nutrition and intake of micronutrient rich diet on the breast milk composition (32). Recently, Sanchez et al. (33) has reported that iron contents in the breast milk of Galician lactating women are higher if diet is rich in iron and selenium. However, few studies in the past have reported no relation between maternal dietary iron intake and iron contents in the breast milk (34). Baykan et al. (35) supplemented iron to non-anemic breastfeeding mothers and found that iron supplementation to the mothers during the first 4 months of lactation had no impact on the serum iron and ferritin levels of both the mothers and their exclusively breastfed term infants. However, maternal iron supplementation increases total iron ligands in breast milk, as measured by total iron-binding capacity and increased proportion of lactoferrin in the total protein secreted (36).

It is noted that oral iron supplementation to the infants increases the risk of bacterial infections and alteration in the gut microbiota presenting as constipation, diarrhea, and black stools (37). Study conducted in Hacettepe University reported that 44.4% infants receiving iron supplementation suffered from the GI side effects (38). Poor compliance (38%) has also been reported, putting the infants at risk of anemia (8). Maternal iron supplementation to anemic mothers during lactation seems to be an exciting strategy for safely preventing ID and IDA in the LBW infants and simultaneously treating ID in them.

Only 26.7% LBW infants developed anemia by 6 months of age. The ID manifests in three stages. Stage 1 is characterized by iron depletion and serum ferritin, and transferrin saturation is decreased. In stage 2, a stage of iron-deficient erythropoiesis, the soluble transferrin receptors in the plasma, and zinc protoporphyrin in the RBCs also increase. Stage 3 of ID heralds severe iron deficiency and is characterized by fall in Hb and changes in the red blood cells morphology such as microcytosis and hypochromia (39). Iron endowment of these infants at birth was lower than the group they belonged to and breast milk iron contents achieved after maternal iron supplementation could not prevent development of anemia.

The limitations of this study were as follows: (i) LBW infants constituted a diverse group having variability in their iron stores and iron metabolism, which were not accounted for separately, (ii) breast milk iron and lactoferrin levels were also not determined, and (iii) sample size was calculated on an assumption that maternal iron supplementation would be a surrogate to infant oral iron administration. The strength of the study is that it is a well-designed double-blinded randomized control trial registered with CTRI, and we were able to achieve the desired sample size on follow-up.



Conclusion

Supplementation of anemic mothers with iron during lactation prevented anemia in 73.4% of exclusively breastfed LBW infants. The number of anemic infants was similar irrespective of the duration of iron supplementation for 3 or 6 months. Significantly higher serum ferritin concentration and Hb levels were observed in infants whose mothers received iron for longer duration. Oral supplementation of iron to anemic mothers during lactation also improved their own iron status and Hb more so if iron supplementation was carried out for 6 months.
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