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Objective: The aim of this study was to investigate the effects of unified iron

supplementation and identify the factors related to the iron homeostasis among

preterm infants.

Method: A total of 250 preterm infants were divided into neonatal anemic (NA, n =

154) and non-neonatal anemic group (NNA, n = 96). Iron supplements at a dose of

2 mg/kg per day were given from 40 weeks’ gestational age to 6 months. Iron status

parameters were measured at 3 and 6 months, respectively. Prevalence of iron deficiency

(ID) and iron deficiency anemia (IDA), and the correlated factors were analyzed. Growth

and side-effects were monitored.

Results: There were no significant differences for the prevalence of ID or IDA between

the two groups. Multivariate regression analyses showed that higher Hb at birth and early

treatment of blood transfusion reduced the risk of ID/IDA at 3 months (all p < 0.05); while

higher level of Hb at 3 months (p = 0.004) and formula feeding reduced the occurrence

of ID/IDA at 6 months (p < 0.05); males had a 3.35 times higher risk to develop ID/IDA

than girls (p = 0.021). No differences in growth and side effects were found.

Conclusion: A daily dose of 2 mg/kg iron supplement is beneficial to maintain iron

homeostasis in majority preterm infants within 6 months regardless of their neonatal

anemia history. Under the routine iron supplementation, Hb level at birth and at 3 months,

early treatment of blood transfusion, gender and feeding patterns are the major factors

affecting the prevalence of ID/IDA among preterm infants in infancy.

Keywords: iron deficiency, iron deficiency anemia, preterm infants, iron supplementation, correlative factors,

growth

INTRODUCTION

Iron is an essential micronutrient for myriad of biochemical and developmental processes
including those involving neurodevelopment. Iron deficiency (ID) is the most prevalent single
nutrient deficiency, which can be easily diagnosed and treated. In spite of this, about 800
million women and children worldwide had anemia, nearly half of whom were caused by ID (1).
Numerous studies demonstrated that ID not only causes anemia, but more importantly, adversely
affects neurodevelopment in rats, primates and humans due to its essential role in myelination,
dendritic growth, synaptogenesis, neurotransmission and monoamine metabolism (2–4). These
pathophysiological changes will ultimately result in short and long term multiple domains of
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neurologizing abnormalities, including poorer motor, cognitive
and learning abilities, as well as social emotional functioning
(5–7). Thus, ID is considered to be an important public health
problem in both developed and developing countries.

The prevalence of ID peaks in infancy. Infants, especially
preterm infants, are at an elevated risk of ID/IDA for their low
endowment of iron stores at birth, early onset of erythropoiesis,
rapid catch-up growth, iatrogenic blood loss and limited dietary
sources of iron (8). There is an evidence that preterm infants
with a birth weight (BW) <1,830 g/L and a serum ferritin (SF)
<155 ug/L in the 1st week of life had a 26.4 times higher risk
of developing ID (9). Due to the critical role of iron in growth
and central nervous system development, and the increased risk
of ID/IDA in preterm infants, specific iron supplementation is of
great importance for this extremely vulnerable population.

As we know, human brain develops rapidly in the last
trimester, during which time the amount of iron absorbed in the
central nerves system also reaches its peak. When the body is in
a state of negative iron balance, iron reserves in the brain will be
reduced and preferentially supplied for erythropoiesis. Although
the subsequent iron supplementation in infancy can improve
infant’s iron status (10–12), the benefit on brain was limited
(2, 13, 14). Therefore, it makes more sense for premature infants
to maintain iron balance in early postnatal life, which equivalent
to the peak period of iron-dependent brain development, than in
later infancy (15).

However, in considerate of the poorly development
antioxidant capacity in preterm infants and the potential
risk of peroxidation damage caused by iron overload (16, 17),
iron supplementation should be cautious in this population. To
date, there is still a lack of global consensus recommendations on
iron supplement for premature infants. Indications, doses, time
of initiation and duration of iron supplement are heterogeneity
in clinical practice in different countries (16, 18). In China,
routine iron supplementation is recommended for preterm
infants from the first 2∼4 weeks after birth to the 12th month
of corrected age, with a dosage of 2 mg/(kg·d) (19). But
data relating to the outcomes of this preventive approach
is very limited. More evidence-based medicine support is
needed to further verify whether the current universal iron
supplementation is appropriate for all preterm infants with
different iron status during early postnatal life. In order to fill in
the gaps, we conducted the present study to gain insight into the
efficiency of this general supplementation on iron homeostasis
in preterm infants with and without neonatal anemia, and to
investigate the effects of iron supplementation on their growth
in the first half year of life. We predicted that elementary iron
supplementation of 2 mg/(kg·d) beginning in early postnatal
life and continuing in infancy would improve the infantile iron
status of preterm infants.

MATERIALS AND METHODS

Study Design
This was a follow-up study of general iron supplementation
given from 40 weeks’ gestational age (GA) to 6 months of
age to preterm infants with or without neonatal anemia. The

intervention plan was based on the Chinese expert consensus
(19) which has been commonly used in our clinical practice since
2018. The study was conducted at Children’s Hospital Zhejiang
University School of Medicine from May 2018 to Oct 2019. Data
were obtained in a course of a study in the same area of the
developmental effects of fetal-neonatal ID in premature infants.
Outcomes were assessed at 3 and 6 months.

Participants
A total of 266 preterm infants attending at the Follow-up Clinic
for High-risk Infant were enrolled. The subjects had a GA of
27–36 weeks. Based on the lowest hemoglobin(Hb) recorded in
the medical records during their neonatal hospitalization, infants
were divided into two groups: those with hemoglobin(Hb)
< 145 g/L within 28 days after birth were classified as
neonatal anemic group (NA), and the others were classified
as non-neonatal anemic (NNA) group. Exclusion criteria were
hemoglobinopathies, history of received erythropoietin, cyanotic
heart disease, congenital intrauterine infection, congenital
malformations, and hemolytic or metabolic diseases.

All the enrolled infants were required to have a
monthly follow-up since 40 weeks’ GA, and provided
with iron supplements (2 mg/kg per day iron as oral iron
proteinsuccynilate [Lee’s Pharmaceutical Holdings Limited,
Hong Kong]) from then on. Preterm infants in this study
cohort were not introduced to have complementary food, so
the total daily iron intake was calculated as the sum of iron
supplements and the iron from formula and/or breast milk
fortifier. During the follow-up visits, parents’ compliance with
iron supplementation was monitored by a designated nurse
using a questionnaire. Poor compliance with the intervention
was defined as <70% of doses.

Data Collection
During the first interview, parents were required to complete a
questionnaire covering the information regarding demographics,
maternal complications during pregnancy (gestational diabetes,
pregnancy induced hypertension, anemia), family history of
genetic and chronic diseases, parental education, occupation
and household income. Meanwhile, perinatal data, including
BW, Apgar scores, GA, neonatal complications (intracranial
hemorrhage, necrotizing enterocolitis, alimentary tract
hemorrhage and enteritis anaphylactica et al.), as well as
information about hemoglobin (Hb, including values tested at
birth and the day before discharge, and the lowest value during
neonatal period), history of iron supplementation and/or blood
transfusion were all collected from neonatal medical records.

At each visit, information regarding the type of feeding
(breast feeding with or without fortifier, regular or preterm
formula feeding and mixed feeding), amount of milk intake and
anthropometric data were collected. Anthropometric data were
evaluated according to corrected age by using WHO references
(20). Growth velocity was indicated by weight gain per day,
calculated as (weight at assessment- birth weight)/chronological
age. During the interview, parents were also asked to fill a
checklist including the following events that occurred since the
last follow-up: watery diarrhea (>5 episodes of watery stools per
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day), loose stools, hard stools, vomiting (>5 episodes per day),
crying, rash and fatigue. Data of 3 and 6 months were used
for analysis.

Blood Collection and Measurement
Venous blood samples were collected at 3 and 6 months. Serum
ferritin (SF), serum iron, total iron binding capacity (TIBC), Hb,
mean cell volume (MCV), Red blood cell volume distribution
width (RDW) and C-reactive protein (CRP) were measured.
Approximately 3ml of venous blood was collected in plain and
EDTA containers. EDTA-treated blood was used for Hb and
MCV analysis. Blood collected in plain tubes was centrifuged
at 3,000 rpm for 5min to separate serum. Separated serum was
transferred to a fresh vial and was used for the estimation of
SF levels.

Hb, MCV, and RDW were analyzed by auto-analyzer (Sysmex
SE-9000 Auto Hematology Analyzer, Kobe, Japan). Serum iron
and TIBC were measured by chemiluminescent immunoassay
(Beckman Coulter Chemistry Analyzer AU5800, Japan). SF level
was determined by electrochemiluminescence immunoassay

(Cobas 6000-601, roche, Switzerland) and CRP was measured
by rate nephelometry using a QuikRead 101 instrument (Orion
Diagnostics). Transferrin saturation (TS) was calculated from
iron and transferrin levels.

ID is diagnosed if two or more of the following outliers
are met: MCV <74 fl, RDW >14%, ferritin <12 µg/L, serum
iron<10.74 umol/L, TS < 12% and TIBC > 62.65 umol/L. IDA
is defined as ID plus anemia, and as Hb <90 g/L and <110 g/L at
3 months and 6 months, respectively. Iron overload is defined as
SF >370 ug/L (18, 21, 22).

Statistical Analysis
Statistical analyses were performed using SPSS Statistics 16.0.
Means (SD) and proportions were calculated to describe the
composition of the target subjects. Comparisons of background
characteristics and iron status between groups were analyzed
as follows: Categorical outcome variables were analyzed by
Chi-square test with continuity correction or Fisher exact test
(when cell frequencies were < 5) as applicable. All registered
continuous variables were checked for normality and skewness

FIGURE 1 | Flow chart of the study population.
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using Kolmogorov-Smimov test. Normally distributed numerical
variables were compared by independent samples t-test after
evaluating equality of variance by Levene test and those with
skewed distribution were compared by Mann–Whitney U-
test. To identify the differences in anthropometric measures
between NA andNNA groups, analysis of covariance (ANCOVA)
was conducted, controlling for GA and BW. Multiple logistic
regression analysis was used to analyze correlative factors for
ID/IDA. Statistical significance was defined as a p < 0.05.

RESULTS

Sample Characteristics
In this study, a total of 266 preterm infants were enrolled,
including 162 cases of NA and 104 cases of NNA. Among them,
15 dropped out of the study at 3 months for the reasons that:
parents’ refusal to have their children blood-drawn (n = 7),
incomplete blood samples or sample hemolysis that could not be
processed (n = 4), elevated CRP (n = 1), poor compliance (n =

3). At 6 months, another 10 infants dropped out due to: refusal of
blood drawing (n = 1), incomplete blood samples (n = 3), poor
compliance (n = 1), family lost contact (n = 5). The baseline
characteristics of excluded infants were similar with those who
completed the whole follow-up period (data not shown). Finally,
a total of 250 3-month-old (154 in the NA group vs. 96 in
the NNA group) and 240 6-month-old infants (150 in the NA
group vs. 90 in the NNA group) were enrolled for data analysis
(Figure 1).

The background characteristics were compared between the
two groups (Table 1). The groups differing in GA, BW, and
Hb values (including the lowest value obtained during neonatal
period, the values tested at birth and the day before discharge).
The mean values of the above parameters in the NA group were
all significantly lower than those in NNA group (all p < 0.001).

In addition, due to the small number of cases, we
combined infants with maternal gestational diabetes,
anemia and/or hypertension into a category of infants with
maternal complication; those with necrotizing enterocolitis,
gastrointestinal bleeding and/or enteritis anaphylactica into
a category of infants with digestive system diseases. By
data analysis, we found that infants in the NA group had
a higher incidence of digestive diseases (p = 0.001) and
intracranial hemorrhage (p = 0.029), and also had a higher
proportion receiving blood transfusion and/or oral iron
supplementation during neonatal hospitalization (all p < 0.001).
A total of 10 preterm infants (4%) had a history of multiple
blood transfusions (≥2). There were no differences in other
background characteristics between the two groups.

Prevalence of ID/IDA With Daily Iron
Supplementation
The iron status parameters were presented in Table 2. RDW
and/or TS of the NA group were higher than those in the NNA
group at 3 and 6 months (all p < 0.05). The remaining indicators
were similar between two groups.

TABLE 1 | Infant and family characteristics by group.

Group NA NNA t, z, or χ
2 p-value

N 154 96

Infant characteristics

BW, ga 1618.5 ± 443.7 2152.1 ± 400.8 −9.59 <0.001

GA, wkb 32.0 (3.8) 34.3 (2.1) −8.16 <0.001

Male, n/total (%)c 93 (60.4) 50 (52.1) 1.67 0.197

Cesarean section, n/total (%)c 38 (24.7) 31 (32.3) 1.72 0.190

Hb at birth (g/L)a 168.1 ± 31.5 182.1 ± 25.9 −3.82 <0.001

Lowest Hb during neonatal period (g/L)b 112.5 (28.8) 162.5 (13.0) −12.32 <0.001

Hb before discharge (g/L)b 108 (30.0) 162.5 (22.5) −11.92 <0.001

History of blood transfusion, n/total (%)c 46/154 (29.9) 0/96 (0.0) 35.14 <0.001

History of iron supplementation, n/total (%)c 85/154 (55.2) 3/96 (3.1) 70.29 <0.001

Digestive diseases, n/total (%)c 20 (13.0) 1 (1.1) 10.97 0.001

Intracranial hemorrhage, n/total (%)c 50 (32.5) 19 (19.8) 4.76 0.029

Exclusive breastfeeding at 6 mo, n/total (%)c 58 (37.7) 36 (40.0) 0.13 0.717

Family characteristics

Maternal age at delivery, ya 30.4 ± 4.4 31.4 ± 4.1 −1.80 0.074

Complications during pregnancy, n/total (%)c 44 (28.6) 17 (17.7) 3.78 0.052

Maternal education, ≥high school, n/total (%)c 120 (77.9) 78 (81.3) 0.40 0.528

Family income ≤50,000 yuan/y, n/total (%)c 15 (9.7) 6 (6.3) 0.94 0.333

NA, neonatal anemic; NNA, neonatal non-anemic; BW, birth weight; GA, gestational age; Hb, hemoglobin.
aValues are mean (SD). Statistical significance was determined by independent samples t-test.
bValues are median (IQR). Statistical significance was determined by Mann–Whitney U-test.
cData are presented as percentages; p-values are based on Chi-square test with continuity correction or Fisher exact test with cell frequencies < 5.
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TABLE 2 | Infant iron status at 3 and 6 months’ assessments by group.

Biochemical results NA NNA t, z, or x2 p-value

3 months (N) 154 96

Ageb 3.2 (0.5) 3.1 (0.4) −1.11 0.268

Hb (g/L)a 102.3 ± 9.9 104.5 ± 10.2 −1.73 0.085

MCV(fl)b 85.9 (6.7) 84.6 (6.6) −1.59 0.113

RDW (%)b 13.6 (1.6) 13.2 (1.6) −2.59 0.009

SF (µg/L)b 41.4 (40.7) 38.9 (47.9) −0.16 0.877

Serum iron (µmol/L)a 14.4 ± 4.3 13.4 ± 3.8 1.83 0.069

TS (%)a 25.0 ± 10.9 21.9 ± 9.3 2.35 0.020

TIBC (µmol/L)b 54.2 (9.9) 55.5 (10.9) −1.34 0.181

IDA, n/total n(%)c 5/154 (3.2) 2/96 (2.1) 0.31 0.711

ID, n/total n(%)c 16/154 (10.4) 15/96 (15.6) 1.49 0.222

6 months (N) 150 90

Ageb 6.1 (0.4) 6.1 (0.5) −1.32 0.187

Hb (g/L)a 119.8 ± 10.7 118.6 ± 9.3 0.85 0.395

MCV(fl)b 80.4 (5.5) 80.4 (4.7) −0.75 0.451

RDW (%)b 12.9 (1.4) 13.0 (1.5) −1.04 0.300

SF (µg/L)b 25.6 (18.3) 26.7 (20.4) −0.52 0.610

Serum iron (µmol/L)a 15.1 ± 4.0 14.0 ± 4.4 1.94 0.054

TS (%)b 19.0 (8.5) 18.0 (8) −2.02 0.044

TIBC (µmol/L)a 56.5 ± 8.7 55.1 ± 7.4 1.34 0.183

IDA, n/total n(%)c 12/150 (8.0) 7/90 (7.8) 0.00 0.951

ID, n/total n(%)c 10/150 (6.7) 8/90 (8.9) 0.40 0.527

MCV, mean cell volume; RDW, red blood cell volume distribution width; SF, serum ferritin; TS, transferrin saturation; TIBC, total iron binding capacity; ID, iron deficiency; IDA, iron

deficiency anemia.
aValues are mean (SD). Statistical significance was determined by independent samples t-test.
bValues are median (IQR). Statistical significance was determined by Mann–Whitney U-test.
cData are presented as percentages; p-values are based on Chi-square test with continuity correction or Fisher exact test with cell frequencies < 5.

At 3 months, ID was present in 16 (10.4%) and 15 (15.6%)
infants in the NA and NNA group, while IDA was present
in 5 (3.2%) and 2 (2.1%) infants, respectively. The incidence
of ID decreased, and the incidence of IDA increased with age
increasing for both groups. At the age of 6 months, ID was
present in 10 cases (6.7%) and 8 cases (8.9%), while IDA was
present in 12 cases (8.0%) and 7 cases (7.8%) in the NA and
NNA group, respectively. However, no statistically significant
overall group differences regarding the prevalence of ID/IDA
were observed at two time points (all p > 0.05). The prevalence
of anemia at 6 months in both groups was much lower than that
of the general population in the same area (20.8%) (23).

In order to understand the effects of iron supplementation
and/or blood transfusion during neonatal hospitalization on
the effectiveness of infantile general iron supplementation
in premature infants, we divided the NA group into two
subgroups: infants with a history of iron supplementation and/or
blood transfusion during neonatal hospitalization (NAT) and
infants without a history of iron supplementation and/or blood
transfusion (NAU). As shown in Table 3, the lowest value of Hb
tested during neonatal period of the NAT group was significantly
lower than that of the NAU (p < 0.001). With daily iron
supplementation, the Hb level and the prevalence of ID and IDA
were similar between the two subgroups at the 3- and 6-month
testing (all p > 0.05). Other parameters, including MCV, RDW,

serum iron, TS and TIBC were all within the normal range in
two groups.

Factors Associated With ID
To identify factors associated with ID/IDA in the case of daily
iron supplementation among premature infants, multivariable
logistic regression analysis was performed, with GA, BW, Hb
(lowest value during neonatal period, and the values tested
at birth, before discharge and at 3 months), sex, maternal
complications, neonatal digestive system diseases, intracranial
hemorrhage, neonatal history of external iron sources and blood
transfusion, growth velocity and feeding patterns as covariates.

Through analysis, we found that Hb at birth and history
of blood transfusion during neonatal hospitalization were
important factors influencing the prevalence of ID/IDA at 3
months (Table 4). Preterm infants with higher Hb level at birth
were less likely to develop ID/IDA than those with lower Hb level
(OR = 0.98, 95% CI 0.96–1.00, p = 0.012); and those with a
history of blood transfusion were less likely to have ID/IDA in
early infancy (OR= 0.03, 95% CI 0.00–0.45, p= 0.011).

At 6 months, the occurrence of ID/IDA was closely related to
sex, 3-month’s Hb and feeding patterns (Table 5). Boys had a 3.35
times higher risk to develop ID/IDA compared with girls (OR
= 3.35, 95% CI 1.20–9.36, p = 0.021). Infants with higher Hb
at 3 months were less likely to have ID/IDA at 6 months (OR
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TABLE 3 | Comparison of iron status between NAT and NAU group at 3 and 6 months.

Biochemical results NAT NAU t, z, or χ
2 p-value

3 months (N) 102 52

Lowest Hb during neonatal period (g/L)a 108.2 ± 17.2 121.5 ± 15.1 −4.73 0.000

Hb (g/L)a 101.8 ± 9.9 103.2 ± 9.8 −0.85 0.400

MCV(fl)b 86.0 (6.3) 85.0 (7.9) −1.15 0.250

RDW (%)b 13.7 (1.5) 13.5 (1.8) −0.68 0.490

SF (µg/L)b 39.7 (41.9) 45.4 (35.5) −0.66 0.510

Serum iron (µmol/L)a 14.4 ± 3.8 13.3 ± 5.1 −0.07 0.940

TS(%)a 26.5 ± 10.8 22.1 ± 10.4 2.43 0.200

TIBC (µmol/L)b 53.7 (11.1) 54.6 (11.6) −1.86 0.060

IDA, n/total n(%)c 3/102 (2.9%) 2/52 (3.8%) 0.09 1.000

ID, n/total n(%)c 8/102 (7.8%) 8/52 (15.3%) 2.10 0.147

6 months (N) 101 49

Hb (g/L)a 120.1 ± 10.9 119.1 ± 10.3 0.52 0.600

MCV (fl)b 81.1 (2.1) 78.6 (4.5) −2.97 0.003

RDW (%)b 12.8 (1.3) 13.1 (1.4) −2.09 0.037

SF (µg/L)b 25.6 (19.0) 25.3 (18.0) −0.06 0.950

Serum Iron (µmol/L)a 14.6 ± 3.9 16.1 ± 4.2 −2.19 0.030

TS(%)b 18.0 (8.0) 21.1 (11.5) −2.72 0.007

TIBC(µmol/L)a 57.5 ± 9.6 54.5 ± 6.1 1.97 0.050

IDA, n/total n(%)c 7/101 (6.9%) 5/49 (10.2%) 0.46 0.529

ID, n/total n(%)c 6/101 (5.9%) 4/49 (8.2%) 0.25 0.729

NAT, infants with a history of iron supplementation and/or blood transfusion during neonatal hospitalization; NAU, infants without a history of iron supplementation and/or blood transfusion

during neonatal hospitalization.
aValues are mean (SD). Statistical significance was determined by independent samples t-test.
bValues are median (IQR). Statistical significance was determined by Mann–Whitney U-test.
cData are presented as percentages; p values are based on Chi-square test with continuity correction or Fisher exact test with cell frequencies < 5.

= 0.94, 95% CI 0.90–0.98, p = 0.004). In addition, compared
with exclusively breast-fed infants, infants who were fortified-
fed (OR = 0.06, 95% CI 0.01–0.57, p = 0.015), conventional
formula-fed (OR= 0.17, 95% CI 0.04–0.68, p= 0.012) or mixed-
fed (OR = 0.18, 95% CI 0.06–0.54, p = 0.002) had a lower risk
of ID/IDA. Other factors, including GA, BW, growth velocity,
external iron sources during neonatal hospitalization, as well as
mother and neonatal complications were no confounders for the
observed associations.

Anthropometry at Follow-Up
The anthropometric outcomes at 3 and 6 months corrected
age were compared between the two groups together with the
calculated weight gain (Table 6). No significant differences were
detected between NA and NNA group (all p > 0.05).

Supplement Tolerance and Adverse Events
In our study, blood tests at 3 and 6 months showed no iron
overload in either groups. There were also no differences in
the parental report of vomiting (2 vs. 1), diarrhea (0 vs.0) or
respiratory illness (6 vs. 3) between the NA and NNA group
(all p > 0.05).

DISCUSSION

The present study provides an important update on the evidence
regarding the effect of enteral iron supplementation on health

outcomes in preterm infants with and without neonatal anemia.
We found that daily iron supplementation reduced prevalence of
ID/IDA during the first 6 months of life, with no iron overload
and adverse effects on growth. Hb at birth and the history of
blood transfusion were important factors associated with the
prevalence of ID/IDA at 3 months. Sex, 3-month’s Hb value
and feeding patterns were important factors affecting ID/IDA at
6 months.

Without iron supplementation, preterm infants generally have
an increased risk of developing ID/IDA. A Chinese and a
Swedish cohort reported that the prevalence of anemia among
preterm infants without iron supplementation was as high as
38.5 and 40.9%, respectively (10, 24). Consequently, specific
iron supplementation is recommended in many studies. Some
researchers recommend 2 mg/kg iron supplementation for
preterm infants from 6 weeks to 6 months of age (10, 11),
while others suggest that iron supplementation for the target
population should be individualized (25). According to the
consensus of experts in China, this study used a daily dose of 2
mg/kg of iron within 6 months. Through the follow-up, it was
found that after 6 months’ iron supplementation, the incidence
of ID/IDA in NA and NNA group was quite similar. The total
prevalence of IDA was only 15.8% at 6 months in our sample,
while 20.8 and 54.3% in the general population in the same area of
Zhejiang (23) and in southern China (26). These results indicated
that the patient population in our study benefited from daily iron
supplement before 6 months of age.
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TABLE 4 | Factors relating to ID/IDA at 3 months.

Variable Category p-value ORa 95% CIb

GA (weeks) 0.450 0.88 (0.64, 1.22)

BW (g) 0.754 1.00 (1.00, 1.00)

Growth velocity at 3 months (g/d) 0.147 1.05 (0.98, 1.13)

Hb at birth (g/L) 0.012 0.98 (0.96,1.00)

Lowest Hb during neonatal period (g/L) 0.301 0.98 (0.94, 1.02)

Hb before discharge (g/L) 0.111 1.04 (0.99, 1.08)

Sex Female

Male 0.501 1.33 (0.58, 3.02)

Mother complications No

Yes 0.184 1.76 (0.77, 4.04)

Digestive system diseases No

Yes 0.787 0.80 (0.15, 4.19)

Intracranial hemorrhage No

Yes 0.230 1.67 (0.72, 3.85)

Iron supplementation No

Yes 0.826 0.88 (0.29, 2.70)

Blood transfusion No

Yes 0.011 0.03 (0.00, 0.45)

Feeding patterns at 3 months Breast feeding

Intensive feeding 0.536 1.40 (0.48, 4.03)

Formula feeding 0.177 0.33 (0.07, 1.65)

Mixed feeding 0.070 0.40 (0.15, 1.08)

aOR, odds ratio; bCI, confidence interval. This table shows the ORs with 95% CIs for the variables that were associated with ID/IDA at the postnatal age of 3 months.

To further determine whether a history of neonatal iron
supplementation and/or blood transfusion would influence the
effectiveness of routine iron supplementation, we compared the
iron status parameters in NAT and NAU group during neonatal
hospitalization. Through analysis, we found that after daily iron
supplementation, the incidence of ID/IDA in both groups was
similar and no iron-overload was found. The results revealed that
the daily dosage of 2mg/kg external iron during early infancy was
reasonable regardless of their neonatal treatment.

In our cohort, most of the preterm infants were maintained
at an optimal iron status through iron supplementation during
follow-up. However, ∼15% of them still suffered from ID/IDA.
As ID/IDA can have many adverse consequences, especially
for the long-term detrimental effects on neurodevelopment,
prevention, early detection and treatment are vitally important
for the vulnerable population (27, 28). Therefore, we investigated
factors affecting the occurrence of ID/IDA in the enrolled
subjects at postnatal age of 3 and 6 months. We found that Hb at
birth and the history of blood transfusion are two critical factors
affecting the prevalence of ID/IDA during early postnatal life.

Infants with higher Hb level at birth had a decreased
prevalence of ID/IDA, which indicated that iron status at 3
months of age depends largely on the iron storage at birth. It
was consistent with the results from previous studies that iron
endowment at birth were adequate to meet the requirements
of premature infants for at least 2–3 months of life (29, 30).
The larger the iron stores at birth, the greater the protection

from the iron burden in early infancy (9, 31). Besides, we
found that blood transfusion during neonatal hospitalization was
another factor that reduced the risk of ID/IDA at 3 months.
Red blood cell transfusion can increase hemoglobin serum levels
and ferritin levels in preterm infants (32). Some researchers
claimed that multiple RBC transfusions might tip the balance
of iron homeostasis in premature infants and then lead to a
higher risk of iron overload, and recommended caution in giving
iron supplements in this patient population (33, 34). In our
study, 4% infant had a history of multiple blood transfusions.
After receiving daily iron supplementation during follow up,
none of them developed iron overload. Due to the differences
in age of blood testing and the sample size, we have not directly
compare our current results with previous studies yet. But we
speculated that human body has the ability to maintain iron
homeostasis for a period of time after blood transfusion, for
hepcidin may be an important factor involved in this process,
acting as a negative feedback regulator for iron hemostasis after
blood transfusion (32).

With age increasing, we found the above two factors were
no longer major factors on the iron status. Instead, sex, Hb
at 3 months and feeding patterns became the main factors at
6 months. In the present study, we found that male preterm
infants had a 3.35-folder increased risk for developing ID/IDA
compared to females. Similar findings were also reported in
full-term infants, boys demonstrated lower Hb, MCV and
ferritin, as well as higher ZPP and TfR than girls (35–37).
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TABLE 5 | Factors associate with ID/IDA at 6 months.

Variable Category p-value OR 95% CI

GA (weeks) 0.100 1.36 (0.94, 1.95)

BW (g) 0.053 1.00 (1.00, 1.00)

Growth velocity at 6 months (g/d) 0.711 0.98 (0.86, 1.11)

Hb at birth (g/L) 0.067 0.98 (0.97, 1.00)

Lowest Hb during neonatal period (g/L) 0.412 1.02 (0.98, 1.05)

Hb before discharge (g/L) 0.921 1.00 (0.97, 1.03)

Hb at 3 months (g/L) 0.004 0.94 (0.90, 0.98)

Sex Female

Male 0.021 3.35 (1.20, 9.36)

Mother complication No

Yes 0.702 1.20 (0.47, 3.10)

Digestive system disease No

Yes 0.619 1.47 (0.33, 6.61)

intracranial hemorrhage No

Yes 0.454 0.66 (0.23, 1.94)

Iron supplementation No

Yes 0.732 1.23 (0.38, 4.02)

Blood transfusion No

Yes 0.449 0.55 (0.12, 2.56)

Feeding patterns at 6 months Breast feeding

Intensive feeding 0.015 0.06 (0.01, 0.57)

Formula feeding 0.012 0.17 (0.04, 0.68)

Mixed feeding 0.002 0.18 (0.06, 0.54)

This table shows the ORs with 95% CIs for the variables that were associated with ID/IDA at the postnatal age of 6 months.

TABLE 6 | Infant anthropometric measurementsa at 3 and 6 months corrected age by group.

Group NA NNA F p-value

3 months

Weight (kg) 6.4 (0.8) 6.6 (0.8) 0.10 0.754

length (cm) 60.4 (2.2) 60.9 (2.6) 0.14 0.713

Head circumference (cm) 40.0 (1.4) 40.5 (1.4) 0.33 0.569

Weight gain (g/d) 31.5 (4.3) 33.7 (5.1) 0.17 0.684

6 months

Weight (kg) 7.9 (0.9) 8.1 (1.0) 0.55 0.458

Length (cm) 66.8 (2.1) 66.9 (2.4) 0.36 0.547

Head circumference (cm) 42.9 (1.5) 43.2 (1.6) 0.18 0.674

Weight gain (g/d) 16.6 (6.0) 16.5 (4.6) 0.90 0.345

Weight gain (g/d) 25.9 (3.4) 26.5 (3.8) 0.39 0.535

aValues are shown as means ± SD, Statistical significance was determined by analysis of covariance with GA and BW as covariates.

Some studies attributed such male-female differences to growth-
related factor and erythropoietic activity, as male infants grow
faster and have higher erythropoietic activity than females,
and thus have higher iron requirements (38). However, in our
sample, under daily iron supplementation, the growth velocity
was not an important factor affecting the iron status. Thus,
the higher risk of ID/IDA cannot be simply attributed to
growth-related factor, but is more likely to be related to other
correlative factors. Domellöf et al. reported hormonal factors

were responsible for the gender differences in iron metabolism
(35). Nonetheless, our study has had no measures relevant to
these intriguing possibilities.

In addition to sex, we found that Hb levels at 3 months also
affected the prevalence of ID/IDA at 6 months. Around this time,
iron from maternal storage and iron intake from milk becomes
insufficient to meet the increasing needs for rapid catch-up
growth and blood volume expansion, which leaves the preterm
infants vulnerable to ID/IDA (34). Therefore, iron homeostasis
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at 6 months is more associated with the Hb levels at 3 months of
age than Hb tested at birth and before discharge.

Similar to the prior studies in full-term infants (25, 37),
we also found that preterm infants who were fortified fed,
conventional formula-fed and mixed-fed had a lower risk of
developing ID/IDA compared with infants who were exclusively
breastfeeding, even in the case of daily iron supplementation.
In the present study, none of the enrolled subjects had added
complementary foods, so the total daily iron intake was
calculated as the sum of iron supplements and iron intake from
milk. Theoretically, the sum of all iron intake should be the same
for preterm infants in different feeding patterns, with the dosage
of 2 mg/kg per day. However, why is the feeding pattern still
closely related to the iron status of preterm infants at the age
of 6 months in our sample? We speculated that this may be
attribute to better compliance with dairy milk intake than oral
iron supplements. Further well-designed studies are needed to
answer this question.

Some researchers have concerns about potential adverse
effects of routine iron supplementation relate to iron overload
and growth, especially in iron-sufficient infants (39). In our study,
all the enrolled preterm infants, with or without a history of
neonatal anemia, received daily iron supplementation starting at
40 weeks GA. We did find that routine iron supplementation
was beneficial to maintain preterm infants’ iron homeostasis,
including those who were well-nourished or had a history of
blood transfusion, with no iron overload observed. In addition,
we also found that growth levels of infants in the NA group
caught up with those in the NNA group at 3 and 6 months
corrected age by controlling for BW, with rare side effects. The
results above indicated that moderate iron supplementation was
safe and did not have obvious adverse effects for preterm infants.

Taken together, these findings support our hypothesis that
early iron supplementation is a critical strategy to prevent
ID/IDA in preterm infants. A relative low iron intake at a dose
of 2 mg/kg per day is appropriate for most premature infants in
our follow-up cohort with and without neonatal anemia. Overall,
few enrolled subjects had ID/IDA at 3 and 6months, respectively.
Preterm infants with higher level of Hb at birth and having a
history of early treatment of blood transfusion may reduce the
risk of developing of ID/IDA at 3 months; female infants, and
those who had higher level Hb at 3 months or who were fed with
formula or fortifier had a lower risk of ID/IDA at 6 months in the
presence of daily iron supplementation.

Nevertheless, our study had several limitations. First, our
study was limited by a relatively small sample size and short
follow-up period, although comparable to some other studies.
Second, the enrolled subjects were grouped based on the results
of hemoglobin in their medical records, lacking iron status
measures during neonatal period. Third, in the consideration
of ethical issues, we did not set up a sub-group with normal
iron status who were not provided with oral iron. Therefore,
further well-designed longitudinal multicenter follow-up studies
will be needed to expand the sample size of preterm infants with
different iron status, to better monitor the long-term effect of
routine iron supplementation among the target population and
ultimately to determine if our results can be generalized.

CONCLUSION

In summary, our study indicated that ID/IDA can be prevented
effectively and safely with general iron supplementation at a
dose of 2 mg/kg per day in preterm infants during the first 6
months of life. In the context of routine iron supplementation,
Hb level at birth and early treatment of blood transfusion
were two main factors affecting the iron status in early
infancy; while Hb values at 3 months, sex and feeding patterns
contribute to the iron status in the later stage among the patient
population. Enteral iron supplementation in preterm infants
should continue to be implemented, and iron status indicators
such as hemoglobin, ferritin and ZPP/H should be regularly
monitored during infancy.
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