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ABSTRACT. This study aimed to analyze the iron deficiency index 
and erythrocyte parameters in anemic pregnant women and their 
newborns, and explore their implications for anemia during pregnancy. 
Pregnant women (70) in the third trimester with hemoglobin (Hb) <100 
g/L who registered and delivered from June 2012-2013 were randomly 
selected as the observation group, 70 pregnant women at similar 
gestational ages with Hb >110 g/L were selected as the control group, 
and 70 newborns delivered by women in each group were included in 
corresponding offspring observation and control groups, respectively. 
Periodic physical examinations were conducted on the infants, and 
blood samples were drawn from the women and infants at birth, 42 days, 
4 months, and 6 months old for detection of Hb and soluble transferrin 
receptor (sTfR) levels. Pregnant women and their 6-month-old infants 
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in the observation group had significantly different Hb and sTfR levels 
compared to controls (P < 0.01). There were no significant differences 
in Hb and sTfR levels of infants at birth, 42 days, and 4 months old 
(P > 0.05). The detection rate of iron deficiency anemia (IDA) was 
significant, at 61.43% among 6-month-old infants in the observation 
group and 22.86% among controls (P < 0.01). There were no significant 
differences in the detection rate of IDA among infants at birth, 42 days, 
and 4 months old between observation and control groups (P > 0.05). 
Therefore, anemia during pregnancy is a major contributing factor of 
IDA and subclinical iron deficiency among 6-month-old infants.

Key words: Anemia during pregnancy; Iron deficiency index; 
Erythrocyte parameter

INTRODUCTION

Iron deficiency anemia (IDA) is a common and frequently occurring disease affect-
ing human health. Pregnant women and infants belong to the population of those at high risk 
for IDA. The disease includes 3 periods: iron depletion (ID), iron deficient erythropoiesis 
(IDE), and IDA. IDA is a microcytic hypochromic anemia caused by decreased hemoglobin 
(Hb) synthesis due to the body’s lack of iron storage, and belongs to the most serious dis-
ease stage. During the ID and IDE periods, the iron storage in the human body is depleted, 
but the Hb content remains in the normal range; this situation is defined as subclinical iron 
deficiency (SID).

In pregnancy, IDA can not only affect the health of the pregnant woman, but can cause 
a lack of iron storage in the fetal liver, resulting in a greatly increased possibility of SID and 
IDA occurrence in infants (Cogswell et al., 2003). IDA during pregnancy is one of the most 
important reasons for higher incidence rates of SID and IDA in infants in China (Geelhoed et 
al., 2006). At present, the screening indexes of early iron deficiency in China are not yet fully 
developed, and Hb detection is currently only used for IDA screening. It is of little use for 
screening SID in other anemic periods of ID and IDE, resulting in a large number of infants 
with SID who cannot be efficiently discovered and treated. The subsequent development of 
IDA is also one of the important reasons for its increased incidence rate (Emamghorashi and 
Heidari, 2004; Grjibovski et al., 2004). To study the impact of anemia during pregnancy on 
IDA in newborns and infants, we conducted a prospective longitudinal monitoring of Hb and 
serum transferring receptor (sTfR) in anemic pregnant women, newborns, and infants, and 
report our findings thusly.

MATERIAL AND METHODS 

General information 

The study protocol was approved by GuangZhou Women and Children’s Medical 
Center (GuangZhou, China). Informed consent was obtained from all subjects, that included 
140 cases of pregnant women and their newborns and infants who had received prenatal care, 
delivered, and who had their infant physically examined at GuangZhou Women and Children’s 
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Medical Center from June 2012 to June 2013. Participants were then divided into observation 
and control groups, with each including 70 pregnant women. Participants in the observation 
group were 21 to 34 years of age, with an average of 27.54 ± 8.92 years; their gestational ages 
ranged from 28 to 40 weeks, with an average of 36.79 ± 4.79 weeks; the women in the control 
group were 22 to 34 years of age, with an average of 29.59 ± 23 years; their gestational ages 
ranged from 28 weeks to 40 weeks, with an average of 38.96 ± 4.52 weeks. There were 74 
cases of male infants and 66 cases of female infants; birth weight ranged from 2657 to 3928 
g, with an average of 3452.93 ± 38.96 g, and birth height ranged from 45.89 to 60 cm, with 
an average of 50.39 ± 19.83 cm. There was no statistically significant difference between the 
two groups of data (P > 0.05). Among infants under 6 months of age, there were 46 cases of 
breast feeding, 14 cases of mixed feeding and 10 cases of artificial feeding in the observation 
group; there were 45 cases of breast feeding, 19 cases of mixed feeding and 6 cases of artificial 
feeding in the control group, and there was no significant difference between the two groups 
(P > 0.05).

Selection criteria 

Women in the third trimester of pregnancy (N = 70) with Hb <100 g/L were random-
ly selected as the observation group, and pregnant women (N = 70) in the same gestational 
age ranges with Hb >110 g/L were selected as the control group. Concurrently, the level of 
C-reactive protein in the blood was detected to exclude conditions such as inflammatory 
disease, liver disease, renal anemia, chronic anemia and thalassemia as well as fetal distress 
in utero. Newborns were divided correspondingly into offspring observation and control 
groups.

Detection methods 

In order to detect Hb, sTfR, serum ferritin (SF) and erythropoietin (E-PO), 5 mL  
venous blood was drawn from each pregnant woman that participated in the study, and 5 mL 
umbilical arterial blood was drawn from the newborn infant of the corresponding woman. 
Periodic physical examinations were carried out respectively for infants at birth, 42 days, 4 
months, and 6 months after birth. Peripheral blood levels of Hb and sTfR were detected for 
the infants at 6 months of age. 

Instruments and reagents 

Routine blood examination was carried out using the MEK-5108K automatic hema-
tology analyzer (CELLTAC, Japan). SF detection was performed using the SF kit (Beckman-
Coulter, U.S.A.); sTfR detection was performed using an enzyme-linked immunoassay kit 
(R&D Systems, USA).

Diagnostic criteria

Diagnostic criteria for pregnant women, newborns, and infants, respectively, were: Hb 
<100 g/L; Hb <145 g/L; and Hb <110 g/L. Diagnostic values of sTfR were: IDA 7.22 ± 4.42 
mg/L; SID 2.39 ± 0.81 mg/L; and normal 1.41 ± 0.29 mg/L (Lee et al., 2006).
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Statistical methods 

The SPSS v.19.0 software was used for data analysis. The count data were analyzed 
by chi-square test; the measurement data were analyzed by the Student t-test, and P < 0.05 was 
considered to be statistically significant.

RESULTS 

Comparison of blood levels of Hb, sTfR, SF, and E-PO in pregnant women, new-
borns, and 6-month-old infants between observation and control groups

There were significant differences in venous blood levels of Hb, sTfR, SF and E-PO 
in pregnant women between observation and control groups (P < 0.01) (Table 1); there were 
significant differences in peripheral blood levels of Hb and sTfR in 6-month-old infants be-
tween the two groups (P < 0.01) (Table 2). The results showed that in addition to Hb, sTfR 
and SF had great implications for the diagnosis of IDA. There was no significant difference in 
levels of Hb, sTfR, SF and E-PO in neonatal umbilical arterial blood between the two groups 
(P > 0.05). The aforementioned 3 indexes in umbilical arterial blood had a larger range of 
fluctuation, and there was a difference in the numerical values between the two groups, but no 
statistical difference (Table 3).

Table 1. Comparison of Hb, sTfR and SF levels among pregnant women. 

Group	 Cases	 Hb (g/L)	 sTfR (mg/L)	 SF (ng/mL)

Observation	 70	 98.04 ± 8.91	 3.54 ± 0.63	 11.73 ± 8.91
Control	 70	 122.58 ± 11.53	 1.74 ± 0.94	   27.98 ± 12.87

Hb = hemoglobin; sTfR = soluble transferrin receptor; SF = serum ferritin.

Table 2. Comparison of Hb, sTfR and SF levels among newborns.

Group	 Cases	 Hb (g/L)	 sTfR (mg/L)	 SF (ng/mL)

Observation 	 70	 157.23 ± 23.59	 3.69 ± 1.01	 142.57 ± 32.64
Control 	 70	 172.97 ± 19.57	 2.01 ± 1.59	 175.09 ± 25.79

Hb = hemoglobin; sTfR = soluble transferrin receptor; SF = serum ferritin. 

Table 3. Comparison of Hb and sTfR levels among 6-month-old infants.

Group	 Cases	 Hb (g/L)	 sTfR (mg/L)

Observation 	 70	 107.58 ± 16.75	 5.79 ± 2.01
Control 	 70	 116.89 ± 27.91	 3.90 ± 1.82

Hb = hemoglobin; sTfR = soluble transferrin receptor; SF = serum ferritin.

Spearman correlation analysis 

The occurrence of anemia in 6-month-old infants was highly correlated to factors 
such as blood levels of Hb, sTfR, and SF of the mother during pregnancy adding egg yolks, 
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and mashed fruits and vegetables at 4 months after birth; and the sTfR levels in 6-month-old 
infants (r = 0.412, 0.208, 0.307, 0.112, 0.457, 0.507, 0.324; P < 0.01); and it had a correlation 
with SF levels in newborns (r = 0.352; P < 0.05); but it had no correlation with neonatal Hb 
and sTfR levels, birth weight, gender, height, feeding patterns, adding rice flour, egg yolks, 
and mashed fruits and vegetables during 4 to 6 months after birth (P > 0.05).

Detection rate of IDA in 6-month-old infants is significantly higher in the observation 
group

The study showed that 43 IDA infants were detected among 6-month-old infants de-
livered by women with anemia during pregnancy (61.43%), and 16 were born by healthy 
pregnant women (22.86%), a statistically significant difference (chi-square = 14.98; P < 0.01).

DISCUSSION 

Results of this study suggest significant differences in Hb and sTfR levels of pregnant 
women and their 6-month-old infants compared with controls (P < 0.01); however, there was no 
significant difference in newborns between the two groups (P > 0.05). Moreover, the IDA detection 
rate of 6-month-old infants was 61.43% in the observation group and 22.86% in the control group 
(P < 0.01). Thus, it is evident that the health of infants with IDA correlates with maternal anemia 
during pregnancy. However, infant anemia can be prevented by following various initiatives.

Anemia during pregnancy is one of the major factors leading to IDA in 6-month-old 
infants 

In the long-term scientific research, it has been postulated that severe iron deficiency 
among pregnant women could lead to iron deficiency among infants, due to lack of congenital 
fetal iron storage; research also confirms that the iron storage of a healthy, full-term infant 
could sustain its growth for up to 6 months (Masutomi et al., 2004). The results of this study 
confirmed that it was also possible to induce infant IDA at the age of 6 months, even if the 
mother had mild IDA during pregnancy.

Prevention and treatment of iron deficiency during pregnancy have important 
implications for reducing iron deficiency in infants 

In the present study, it was found that maternal iron metabolism status has an impor-
tant effect on iron storage status in the fetal liver, because within 1 to 2 years after the birth of 
the infant, about 40 to 70% of iron in newly generated Hb is taken up from the maternal body 
during fetal development; the maternal provision of iron can be up to 375-475 mg to meet the 
growth needs of the fetus, placenta and umbilical cord during pregnancy (Zanardo et al., 2005; 
Rizvi et al., 2007). If the mother has an iron deficiency during pregnancy, this condition can 
cause an adverse iron deficiency loop; that is to say, iron deficiency in pregnant women can 
lead to subsequent iron deficiency in infants that can persist into adolescence and adulthood 
(Thomas et al., 2003). Therefore, monitoring the iron content of the body is extremely impor-
tant for early diagnosis and treatment, which can play a significant role in both blocking the 
iron deficiency loop between mother and infant and in reducing the incidence of IDA (Willian 
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and Bertil, 2002; McAdams et al., 2008).

Screening indexes must be determined as soon as possible for early screening of 
iron deficiency 

China promulgated the “Recommendations for Prevention and Treatment of Iron De-
ficiency and Iron Deficiency Anemia in Children” in 2008, which emphasizes a need to perform 
timely intervention for early iron deficiency in infants. That is, although juvenile discovery is 
difficult, making a definitive diagnosis in the obviously abnormal SID period, in addition to per-
forming routine physical examinations, can effectively reduce the incidence of IDA (Alverson 
et al., 1988). In China’s traditional diagnostic index for SID, the common methods for mea-
surement of transferrin saturation and free erythrocyte protoporphyrin are more complicated, 
and thus are rarely used. Currently, the standard for detection of storage iron content is still the 
invasive bone marrow iron stain examination (von Tempelhoff et al., 2008; Lloreda-García et al., 
2012), but its compliance is not high when used in the early diagnosis of IDA. Common clinical 
detection methods also have several disadvantages (Svare et al., 2006): the stability of serum 
iron is poor, and transferrin is a negative acute phase reactant, the content of which is decreased 
to varying degrees when the body is infected or when liver and kidney function is impaired. Cur-
rently, the SF index is recognized as the most sensitive index for reflecting iron storage content. 
It can generate a precise response to the decreased stored iron content of the body in the ID pe-
riod, but it is also an acute phase protein and is therefore susceptible to effects of the body, such 
as inflammation, tumor growth, and particular physiological states such as pregnancy, lactation, 
and the infant growth period (Kling et al., 1996; Schwarz et al., 2005).

In modern medicine, sTfR is becoming a new and extremely important scientific index 
for monitoring of iron storage status of the body and screening of iron deficiency 

The rising phenomenon of sTfR can supplement the deficiency of SF by occurring in the 
ID period of iron deficiency, and by showing a significantly progressive rise with the aggravated 
degree of iron deficiency (Ganzevoort et al., 2007; Kayastha and Tuladhar, 2007; Kondrackiene 
et al., 2007).Therefore, sTfR can be used as a reliable detection index in IDE and IDA periods. 
sTfR can respond well to the erythropoietic capacity and iron deficiency status of the body, and 
thus, can be used to determine SID (Katsinelos et al., 2006). Compared to traditional biochemi-
cal indexes of iron status, sTfR has the following advantages: it is highly specific and sensitive; is 
less susceptible to interference of body inflammation and underlying acute and chronic infection; 
has biological stability; lacks a correlation between concentration and age; and is unaffected by 
pregnancy and other chronic diseases. The experimental operation is simple, as all that is needed 
for detection is a small amount of serum and a sample of finger blood. The sTfR level detected 
in finger blood is highly related to that in venous blood (Zanardo et al., 2005; Ness and Catov, 
2007). The clinical practical value of sTfR is immense, and the prospect of its promotion is con-
siderable; it can be used as an extremely important index of IDA during pregnancy as well as 
for in-clinic detection of IDA and for evaluation of treatment efficacy (Nomura, 2004; Widness, 
2008). Detection of sTfR levels in peripheral blood is particularly suitable for monitoring the 
treatment efficacy of IDA in pediatric clinics. For instance, it is possible to circumvent several 
non-standard phenomena of diagnostic and treatment processes, such as previous lack of diag-
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nosis or treatment of early SID, inadequate treatment of IDA, insufficient amount of medication, 
and non-complemented in vivo iron storage.

In summary, for neonatal anemia, early diagnosis and treatment should be carried 
out. Method of detection plays an important role in early diagnosis; therefore, we should 
strengthen the study of detection methods in clinical treatment, as only the use of an advanced 
detection method can effectively prevent and treat neonatal anemia.
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