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Abstract

OBJECTIVE—Small-for-gestational-age (SGA) neonates, infants of diabetic mothers (IDM) and 

very-low-birth weight premature neonates (VLBW) are reported to have increased risk for 

developing iron deficiency and possibly associated neurocognitive delays.

STUDY DESIGN—We conducted a pilot study to assess iron status at birth in at-risk neonates by 

measuring iron parameters in umbilical cord blood from SGA, IDM, VLBW and comparison 

neonates.

RESULTS—Six of the 50 infants studied had biochemical evidence of iron deficiency at birth. 

Laboratory findings consistent with iron deficiency were found in one SGA, one IDM, three 

VLBW, and one comparison infant. None of the infants had evidence of iron deficiency anemia.

CONCLUSIONS—Evidence of biochemical iron deficiency at birth was found in 17% of 

screened neonates. Studies are needed to determine whether these infants are at risk for developing 

iron-limited erythropoiesis, iron deficiency anemia or iron-deficient neurocognitive delay.
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INTRODUCTION

Iron deficiency at critical times during brain development is associated with long-term 

neurocognitive problems.1–4 A causal relationship between iron status and brain 

development is supported by animal models of experimentally induced fetal or neonatal iron 

deficiency. In the setting of iron deficiency anemia, subsequent iron supplementation 

corrects the anemia but does not overcome the neurocognitive deficits.1–4 Importantly, 

evidence from animal model systems suggest that during periods of severe neonatal iron 

limitation, iron is preferentially routed for erythropoiesis at the expense of brain iron 

accretion.5

Certain risk factors for the development of iron deficiency in early infancy have been 

identified. These include (1) small-for-gestational-age neonates (SGA, < 10th percentile 

weight for gestation), (2) infants of diabetic mothers (IDM) and (3) very-low-birth weight 

preterm neonates (VLBW, < 1500 g at birth).6,7 These three groups are also at increased risk 

for neurocognitive deficiencies. It is not clear if iron deficiency in these neonates contributes 

to the neurocognitive deficiencies.

Neonates born to women with iron deficiency anemia during pregnancy generally have 

serum iron levels and hematocrits in the same range as neonates born to iron-replete women. 

However, neonates born to iron-deficient mothers have lower serum ferritin levels indicating 

decreased iron stores.8,9 On the basis of these and other reports, it has been suggested that 

compensatory mechanisms regulating transplacental iron trafficking prevents iron deficiency 

anemia in the infant at birth.10,11 However, protection of the neonate from iron deficiency 

sufficient to cause neurocognitive delay might be compromised by pathological conditions 

that could significantly diminish maternal-to-fetal iron transport.9–12 Perhaps the iron 

deficiency observed in infants born SGA or IDMs is related to such pathology. Infants born 

preterm do not have the advantage of the large accretion of iron that normally occurs in the 

third trimester of gestation, possibly contributing to an increased risk of iron deficiency at 

birth.9–13

Iron deficiency can be grouped into three categories according to severity; (1) biochemical 

iron deficiency with normal erythropoiesis, (2) biochemical iron deficiency plus iron-limited 

erythropoiesis but without anemia and (3) biochemical iron deficiency with iron deficiency 

anemia.14 Biochemical iron deficiency can be identified by a low serum ferritin and a low 

serum iron. Iron-limited erythropoiesis can be recognized by a fall in both reticulocyte 

hemoglobin content15,16 and mean corpuscular volume, without a fall in hemoglobin or 

hematocrit.14,17 Iron deficiency anemia is the next stage of severity, where hemoglobin and 

hematocrit values decrease. It is unclear what percentage (if any) of SGA, IDM or VLBW 

neonates at birth, fall into these categories. As a step toward the identification of a target 

population for early iron intervention, we conducted a pilot study in which we assessed the 

iron status in the cord blood of a cohort of SGA, IDM, VLBW and healthy comparison 

neonates.
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MATERIALS AND METHODS

This was a prospective pilot study conducted in two Intermountain Healthcare neonatal 

intensive care units; McKay-Dee Hospital, Ogden, UT and Intermountain Medical Center, 

Murray, UT. The protocol was approved by the Intermountain Healthcare Institutional 

Review Board as a de-identified, data-only study with appropriate privacy protection. Inter-

mountain Healthcare is a not-for-profit system that owns and operates 22 hospitals in Utah 

and Idaho.

We analyzed 50 umbilical cord blood samples drawn from 10 SGA, 10 IDM, 10 VLBW and 

20 comparison deliveries. The intent of this pilot study was to provide initial data needed for 

power analysis calculations for future larger studies. As such, sampling was based upon 

availability over the timeframe of support. Umbilical cord blood samples were obtained only 

when a study nurse or study neonatologist was available to draw the sample. The collected 

data included no laboratory tests ordered by medical caretakers. The only information 

obtained from the infants’ charts was birth weight, gender, gestational age and presence of 

maternal diabetes. SGA was defined as < 10th percentile for weight. The results of the study 

tests were not provided to the caretakers or included in the medical records.

Umbilical cord blood was drawn after placental delivery, as described.18 The following 

laboratory studies were performed at the Intermountain Healthcare Central Clinical 

Laboratory, Murray, UT, in accordance with Intermountain Healthcare Laboratory Services 

standard operating procedures and with the manufacturer’s instructions; serum iron, 

transferrin, iron binding capacity, iron percent saturation, serum ferritin and complete blood 

count with reticulocyte parameters (Sysmex, Kobe, Japan). The Sysmex quality control 

procedures were performed daily as recommended by the manufacturer. The following 

studies were performed at ARUP Laboratories, Salt Lake City, UT, in accordance with 

ARUP standard operating procedures and manufacturer’s instructions; soluble transferrin 

receptor and zinc protoporphyrin to heme ratio. Ferritin index was determined for each 

infant by calculating the ratio of soluble transferrin receptor/log ferritin.

Results of the iron studies were entered into REDCap (Research Electronic Data Capture) 

for workflow and analysis by an authorized Intermountain Healthcare data analyst (VLB). 

Medians and interquartile ranges were used to express values. Statistical analysis used the R 

Foundation package (Statistical Computing, Vienna, Austria). The mixed effects model used 

the NIME program, version 3.1–105, also from the R package. Statistical significance was 

set as P < 0.05.

RESULTS

We began the study in December 2015 and completed it in May 2016. Fifty umbilical cord 

samples were drawn; 20 from healthy comparison neonates of 31 to 40 weeks gestation, 10 

from SGA neonates 33 to 40 weeks gestation, 10 from IDM neonates 36 to 39 weeks 

gestation and 10 from VLBW neonates 25 to 31 weeks gestation.

Five of the 30 in the at-risk groups and 1 subject of 20 in the comparison group had a pattern 

consistent with biochemical iron deficiency; specifically, low values (outside of the 
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interquartile range from the comparison infants) for serum iron, percent iron binding 

saturation, and serum ferritin, and high values for soluble transferrin receptor and zinc 

protoporphyrin to heme ratio. Figure 1 displays the five values related to biochemical iron 

deficiency, Figure 2 shows two values related to iron-limited erythropoiesis and Figure 3 

shows two values related to iron deficiency anemia. In all three figures, median and 

interquartile ranges of the groups of SGA, IDM and VLBW neonates are plotted, the shaded 

zone represents the interquartile range of the comparison neonates, and the six with the 

pattern of biochemical iron deficiency are shown as individual dots.

The values of each iron test, from the six infants with an iron-deficient pattern, are shown in 

Table 1. The interquartile range for ferritin index from comparison neonates was 1.7 to 2.41. 

The ferritin index of the six infants with an iron-deficient pattern ranged from 3.27 to 9.41. 

Three of the six infants with an iron-deficient pattern had reticulocyte hemoglobin levels 

below the interquartile range of the comparison infants. None of the six had iron deficiency 

anemia, as their hemoglobin and hematocrit values were within the reference intervals for 

gestational age.15,19,20

Correlation analyses and linear regression were performed across all infants to assess any 

effect of gestational age and/or birth weight on the iron studies. Serum iron, % iron binding 

saturation, serum ferritin, mean corpuscular volume and zinc protoporphyrin to heme ratio 

were influenced by gestational age, whereas soluble transferrin receptor level was not. The 

mean corpuscular volume and the zinc protoporphyrin to heme ratio both tended to fall as 

the gestational age increased (R2 = 0.45 and 0.31, respectively). The serum iron and the 

serum ferritin slightly increased as the gestational age increased (R2 = 0.26 and 0.25). Birth 

weight did not generally have an effect on iron measurements independent of the effect of 

gestational age. The only exception was serum ferritin; increasing gestational age was 

associated with higher serum ferritin levels (R2 = 0.25); however, at any given gestational 

age, increasing birth weight was associated with lower serum ferritin levels (R2 = 0.25).

DISCUSSION

Several observations have led to a previous assumption that iron deficiency at birth is 

extremely rare or almost non-existent.14 The observations are: (1) maternal iron deficiency 

does not result in low serum iron levels of their neonates,8,9 (2) the fetus is an excellent 

scavenger of maternal iron, even at the expense of very-low maternal iron stores21 and (3) 

maternal iron supplementation during pregnancy does not affect fetal ferritin levels22 or 

soluble transferrin receptor levels.23 Thus, a familiar assertion related to iron status in 

neonates was that iron deficiency will not be present at birth but it can develop over the first 

few months after birth in infants with low-iron stores. However, subsequent studies have 

shown that iron deficiency can exist at birth in some neonates, including those infants whose 

mothers have iron deficiency anemia.8,9 VLBW premature neonates do not have the 

advantage of the large accretion of iron during the last trimester of pregnancy, which may 

lead to iron deficiency at birth.14 SGA infants and IDM are also considered to be at risk for 

iron deficiency at birth,24 but this assumption had not previously been well documented.
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Our present observations from this pilot suggest that some neonates (12%, 6 of 50) have 

evidence of biochemical iron deficiency at birth. Specifically, they demonstrate a pattern of 

low values for serum iron, iron saturation, and ferritin, and high values for soluble 

transferrin receptor, zinc protoporphyrin to heme ratio and ferritin index. Each of these 

laboratory changes supports the diagnosis of biochemical iron deficiency.

During a state of low iron availability, serum levels of iron and ferritin typically fall. The 

consequent decreased iron delivery to the erythron is reflected in an increase in soluble 

transferrin receptor and the ratio of zinc protoporphyrin to heme. Soluble transferrin receptor 

is the cleaved extracellular portion of transferrin receptor-1 released into the serum. An 

elevated level is a stable marker of iron deficiency, even during an inflammatory state.17 

Likewise an elevated zinc protoporphyrin to heme ratio indicates iron limitation for heme 

production. In a state of iron deficiency, protoporphyrin IX, the immediate precursor of 

heme, will incorporate zinc instead of iron, increasing the ratio of zinc protoporphyrin to 

heme.25 However, the zinc protoporphyrin to heme ratio at birth must be interpreted with 

caution and in the context of the clinical setting and other laboratory markers, as they are 

often elevated compared with levels in children and adults, thought to be due to physiologic 

increased erythropoiesis in the newborn.26

Evidence from animal model systems suggest that biochemical iron deficiency during fetal 

development might have adverse consequences even in the absence of fetal anemia.1–5 We 

found biochemical iron deficiency in 5 of the 30 screened neonates in at-risk groups and in 1 

of 20 in the comparison group. Three of the six infants with evidence of biochemical iron 

deficiency had reticulocyte hemoglobin levels below the interquartile range of the 

comparison infants, which may be suggestive of early iron-limited erythropoiesis. We did 

not find evidence of iron deficiency anemia at birth. Other markers of iron metabolism might 

have utility in assessing iron status, particularly in the setting of inflammation. The changes 

in iron status with inflammation are largely mediated by an increase in the serum iron 

regulatory hormone hepcidin and are characterized by a high or normal ferritin but low 

serum iron.27–30 As such, future studies may benefit from measurement of hepcidin along 

with markers of inflammation.

Various risk factors, including SGA, IDM, may have varying effects on the iron status in 

preterm vs term infants.31 We found that serum ferritin increased with increasing gestational 

age, but that birth weight was inversely related to serum ferritin at any given gestational age. 

It is likely that with increased body mass, additional red blood cells are needed to increase 

oxygen carrying capacity to the larger tissue area. IDM may be large-for-gestational age and 

can have polycythemia. The additional red blood cells produced in this state require iron, 

thus storage forms of iron might be lower in these neonates.

There are a number of limitations to this study. First, because study subjects were de-

identified, we have no information on the iron status of the mothers, on expression of 

placental iron transport, or on the subsequent clinical courses of the 50 neonates. However, 

the information obtained from this pilot study will be useful in designing larger studies, 

which will include evaluation of maternal iron status and assessment of the effect of iron 

supplementation. Akkermans et al.32 studied the iron status of late preterm infants at 6 
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weeks of age and showed that over 30% had developed iron deficiency anemia. We speculate 

that many infants who are identified to be iron deficient at birth will go on to develop iron-

limited erythropoiesis or iron deficiency anemia prior to the initiation of iron 

supplementation.

Second, all but two infants from our comparison group were greater than 36 weeks gestation 

at birth, thus our interquartile comparison ranges for each iron study may not apply to 

infants of younger gestational ages. Gestational age-specific reference ranges may be 

necessary to appropriately interpret biomarkers of iron status in preterm infants, and many of 

these reference ranges are not well established.7

Third, the small numbers and variable gestational ages in our comparison group (n = 20) 

reduces confidence in our reference intervals. Our control values for serum ferritin, however, 

are similar to those published by Siddappa et al.33 and Lorenz et al.,29,34 our control zinc 

protoporphyrin to heme ratios are similar to those published by Miller et al.35 and Cheng et 
al.,25 our control soluble transferrin receptor values are similar to those reported by Sweet et 
al.23,36 and our RBC indices, reticulocyte hemoglobin content, and hemoglobin and 

hematocrit values are similar to the larger reference intervals studies published by our 

group.15,19,20 Moreover, the trend we observed toward an increase in ferritin with increasing 

gestational age is similar to that observed by Siddappa et al.,33 and the fall in zinc 

protoporphyrin to heme ratio we observed with increasing gestational age is similar to that 

reported by Cheng et al.25 Also the lack of effect of gestational age on soluble transferrin 

receptor level, which we found, was previously reported by Sweet et al.23 Among our six 

samples with biochemical iron deficiency, the ferritins were all well below the 5th percentile 

confidence limits for ferritin reported by Siddappa et al.,33 and our four highest zinc 

protoporphyrin to heme ratios were all greater than the 95th percentile confidence limits 

reported by Chen et al.25 Thus, by comparison to published studies of others, as well as by 

comparison to our own controls, we are reasonably certain that our six neonates were indeed 

iron deficient at birth.

If subsequent studies show that biochemical iron deficiency at birth is an authentic 

pathological entity and is present in a significant proportion of certain at-risk populations, 

there may be an opportunity for a more personalized and precision medicine approach to 

iron supplementation in infancy. For instance, neonates identified as iron deficient at birth 

could participate in randomized trials to assess the value of additional or earlier iron 

supplementation as compared with current practice guidelines37 on important hematologic, 

neurocognitive and behavioral outcomes.
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Figure 1. 
Results of iron studies assessing biochemical iron deficiency (ferritin, serum iron, iron 

saturation, soluble transferrin receptor and zinc protoporphyrin to heme ratio). The shaded 

areas show the upper and lower interquartile range of the comparison neonates. The boxes 

show the upper and lower interquartile range (and median value) of the groups (n =10) of 

SGA, IDM and VLBW neonates. Single dots are the six neonates with the pattern of test 

results suggesting iron deficiency at birth. IDM, infant of diabetic mother; SGA, small-for-

gestational-age; VLBW, very-low-birth weight.
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Figure 2. 
Results of iron studies assessing iron-limited erythropoiesis (reticulocyte hemoglobin 

content and mean corpuscular volume). The shaded areas show the upper and lower 

interquartile range of the comparison neonates. The boxes show the upper and lower 

interquartile range (and median value) of the groups (n =10) of SGA, IDM and VLBW 

neonates. Single dots are the six neonates with the pattern of test results suggesting iron 

deficiency at birth. IDM, infant of diabetic mother; SGA, small-for-gestational-age; VLBW, 

very-low-birth weight.
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Figure 3. 
Results of iron studies assessing iron deficiency anemia (hemoglobin and hematocrit). The 

shaded areas show the upper and lower interquartile range of the comparison neonates. The 

boxes show the upper and lower interquartile range (and median value) of the groups (n =10) 

of SGA, IDM and VLBW neonates. Single dots are the six neonates with the pattern of test 

results suggesting iron deficiency at birth. IDM, infant of diabetic mother; SGA, small-for-

gestational-age; VLBW, very-low-birth weight.
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