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ABSTRACT. We evaluated the relationship between total serum
immunoglobulin E (IgE) levels and pregnancy outcome in a prospective
cohort study focusing on fetal growth restriction (FGR). Sixty women
with FGR and twenty with normal singleton pregnancy were enrolled
during their third trimester. Infants were followed up for 6 months.
Blood samples were obtained from pregnant women during the third
trimester; cord blood samples were also taken. Six months after birth,
blood samples were obtained from infants. Demographic and baseline
characteristics were compared between groups. Birth weight, length
and head circumference of neonates in the FGR group were lower
than those in the control group. Total serum IgE level was significantly

Genetics and Molecular Research 14 (2): 3879-3888 (2015) ©FUNPEC-RP www.funpecrp.com.br



F. Xiong et al. 3880

increased in third-trimester pregnant women with FGR compared with
normal group (P < 0.05). However, this trend was not observed in the
cord blood at birth or peripheral blood of 6-month-old infants. The
prevalence of atopic eczema between the 2 groups was similar. Linear
regression analysis revealed that the IgE level in the third trimester was
negatively correlated with birth weight (P < 0.05). Higher serum IgE
level in the cord blood was significantly associated with an increased
risk of being small for gestational age (P < 0.05). In conclusion, IgE
levels in the third trimester of pregnancy and cord blood are strongly
related to birth outcomes of FGR.

Key words: Cohort study; Fetal growth restriction; Immunoglobulin E
INTRODUCTION

There is increasing support of Barker’s “programming” hypothesis, which states that
an early prenatal and postnatal environment can affect permanent or long-term outcomes re-
garding the structure or function of different organ systems in the fetus. It has been demon-
strated that an adverse intrauterine environment may increase the risk of cardiovascular and
metabolic diseases later in life (Barker, 1992; Gillman, 2005; Gluckman et al., 2010). Studies
have indicated that human immune function may in part be programmed by early experiences,
particularly in the in utero environment (Rowe et al., 2007; Mold et al., 2008).

Fetal growth restriction (FGR) is a clinical syndrome. FGR may induce immuno-
logical abnormalities, resulting in partial rejection of the fetal allograft. The intrauterine “pro-
grammed” changes may affect the FGR immune system in later life. An allergic reaction of
FGR appears to occur in very early life, and likely occurs sometime before birth (Warner et
al., 2000). Prenatal maternal-fetal interactions and early-life programming may be associated
with the development of asthma or allergic diseases (Ege et al., 2008; Kumar, 2008; Peters
et al., 2009). Specific maternal complications as well as maternal stress during pregnancy
and delivery may increase the risk of allergy and asthma among offspring later in life. Keski-
Nisula et al. (2009) found that maternal pre-eclampsia and placental abruption were associated
with an increased risk of severe atopy in adolescents. However, few studies have explored the
relationship between immunoglobulin E (IgE) and pregnancy complications, and only 1 study
carried out more than 20 years ago reported that maternal serum IgE levels were higher in pre-
eclamptic pregnancies (Alanen, 1984).

Laboratory diagnosis for allergy has not been standardized; however, serum concen-
trations of IgE are generally higher in allergic individuals. Previous studies found that anthro-
pometric parameters at birth were related to serum IgE level and, later, asthma (Hagstrom et
al., 1998; Gregory et al., 1999; Oryszczyn et al., 1999; Brooks et al., 2001; Akinbami and
Schoendorf, 2002; CDC, 2002), but the exact physiological mechanisms are unclear. A major
clinical consideration is how to determine which patients should be considered “allergic” or
“at risk to become allergic”. Previous studies examining the relationship between IgE and
FGR have been limited to retrospective cross-sectional studies, not a prospective cohort study.
The aim of this study was to examine the association between FGR and serum IgE in a pro-
spective cohort study.
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MATERIAL AND METHODS
Study population

This prospective study was approved by the Regional and Institutional Committee
of Science and Research Ethics of the West China Second University Hospital. Informed
written consent was obtained prior to enrollment. Eighty pregnant women were divided into
2 groups: 1) 60 pregnant women with singleton pregnancy diagnosed with FGR in the third
trimester of pregnancy, 2) age-, parity-, body mass index (weight/height?)-, and gestational
age-matched healthy women with singleton pregnancies comprised the control group (N =
20). FGR was first defined by a lack of increase in fundal height and abdominal circumference
through obstetric examination (below the 10th percentile for gestational age). Second, the fetal
abdominal circumference was below the 10th percentile for gestation through ultrasonography
according to the parameters for Chinese pregnant women (Kurjak et al., 1980; Hadlock et al.,
1983; Chambers et al., 1989; Chauhan et al., 2009). Exclusion criteria included the diagnosis
of fetal malformations and the presence of some comorbid disease in the mothers, including
infectious diseases, preeclampsia or gestational hypertension, gestational diabetes, and allergy
diseases, among others. After diagnosis, the FGR pregnant women had been treated with com-
pound amino acid and danshen root for 10-14 days (Zhao and Mao, 2011). The infants were
followed-up until 6 months after delivery.

Birth weight, birth length, and head circumference were recorded at delivery. Birth
outcomes were analyzed to identify the results for the FGR and control groups, in which pre-
term birth was defined as gestation <37 weeks and full-term birth as gestation >37 weeks and
<42 weeks; being small for gestational age (SGA) was defined as birth weight below the 10th
percentile for each gestational age, and appropriate for gestational age (AGA) was defined as
birth weight in the 10th to 90th percentile for each gestational age. Centiles were calculated
using China birth weight growth charts. Neonatal complications and atopic eczema were re-
corded during the same period. Atopic eczema was diagnosed if the child had a history of
chronic or chronically relapsing itching dermatitis with typical morphology and distribution
(Oranje, 1995).

Blood sampling

Peripheral blood samples from third-trimester mothers (28-36 weeks) enrolled were
collected by vein puncture into non-anticoagulated tubes between 07:00 and 09:00 am.
Matched cord blood samples were immediately collected in tubes from the umbilical vein of
the placenta via cesarean or vaginal route. When the infants were 6 months old, peripheral
blood samples were collected by vein puncture. The non-anticoagulated tubes were centri-
fuged at room temperature with a relative centrifugal force of 3000 g for 5 min. Serum aliquots
were stored at -80°C until further analysis.

Total IgE enzyme-linked immunosorbent assay
Serum total IgE concentration (IU/mL) was determined by enzyme-linked

immunosorbent assay (EUROIMMUN AG, Leubeck, Germany). Microtiter plate wells were
pre-coated with affinity-purified anti-human IgE, and each sample was added in duplicate
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(100 pL/well). Plates were incubated at room temperature for 30 min and washed. Affinity-
purified anti-human IgE detection antibody (conjugated with horseradish peroxidase) was
added and the plates were incubated for 30 min and washed. 3,3',5,5'-Tetramethylbenzidine
substrate solution was added to induce color development; the reaction was stopped with
stop solution, and absorbance was read at 450 nm (Model 680, Bio-Rad, Hercules, CA,
USA). The concentration of total IgE in each sample was determined using a logistic
standard curve of known concentration. Positive, negative, and control samples of varying
concentrations were included with each assay, and between-assay coefficients of variation
were less than 10%.

Statistical analyses

Statistical analysis was performed using the SPSS 16.0 software (Chicago, IL, USA).
Data with normal distribution are reported as means + standard deviation. Differences between
groups were tested by the Student #-test. Serum total IgE concentrations were log-transformed
to approach normal distribution. Mean concentrations were expressed as geometric means
with 95% confidence intervals (CI). Linear trends of total IgE concentrations and birth weight,
birth length, and birth head circumference were analyzed by Pearson’s correlation coefficient.
The cut-off IgE level of third-trimester, cord blood, and infant peripheral blood at 6 months
were defined by the point 100 IU/mL (De Amici et al., 2008), 1.0 IU/mL (Shirakawa et al.,
1997), and 7.2 TU/mL (De Amici et al., 2008), respectively. Regression analyses were used
to analyze the relationship between IgE and birth outcomes, such as SGA, preterm birth, and
prevalence of atopic eczema. Odds ratios (ORs) were determined with 95%Cls. Statistical
significance was set at 95% (P < 0.05).

RESULTS
Population characteristics

Eighty women were enrolled in this study and assigned into either an FGR group
or a control group. Characteristics of the study subjects are shown in Table 1. In the FGR
group, the delivery rate was 91.67% (55/60); 5 cases were withdrawn, among which labor
was induced in 4 patients for the sake of the mother (2 cases) or owing to fetus death (2 cas-
es). There were 55 newborns delivered in the FGR group. Forty-five infants were delivered
by cesarean section (81.82%), while the others were vaginal deliveries (18.18%). According
to the gestational age and birth weight, 27.3% of newborns were identified as SGA (N = 15,
ratio = 15/55, prematurity in 8 cases, full-term in 7 cases), and 72.7% as AGA (N = 40, ratio
=40/55, prematurity in 13 cases, full-term in 27 cases). The incidence of prematurity in the
FGR group was 38.2% (N = 21, ratio= 21/55). In the control group, 17 cesarean sections
(85%) and 3 vaginal deliveries (15%) were performed. All were full-term AGA. There was
a significant difference in the frequency of prematurity and SGA between the 2 groups (x>
=10.606 and 8.612, respectively; P < 0.05). For gestational age at birth, birth weight, birth
length, and birth head circumference, a significant difference between the 2 groups was
found (Table 2). Peripheral blood of 8 infants at 6 months of age in the FGR group was not
collected (Figure 1).
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Table 1. Characteristics of pregnant women enrolled in this cohort study.

FGR group (N = 60) Normal group (N = 20) t P
Means + SD Range Means = SD Range
Age (years) 29.80 +4.92 20-41 29.90 £2.83 25-38 0.112 0.912
BMI before pregnancy 20.57 £2.97 15.6-30.4 19.73 + 1.54 17.1-22.4 1.635 0.107
Gravidity 1.97 £ 0.90 1-3 1.75+0.64 1-3 1.176 0.246
Parity 0.25+0.44 0-1 0.05+0.22 0-1 1.959 0.054
Enrolled gestational age (day) 233.80 + 13.05 29-36 238.70 +£9.02 30-36 1.865 0.068

Table 2. Characteristics of newborns examined in this study.

FGR group (N = 55) Normal group (N = 20) t P
Means + SD Range Means + SD Range
Gestational age at birth (day) 233.80 + 13.05 217-286 238.70 £9.02 262-286 4.704 <0.001
Birth weight (g) 2626.27 +597.55 1100-3800 3293.50 £259.73  2950-3720 6.718 <0.001
Birth length (cm) 47.04 £2.95 39-52 49.70+1.13 47-52 5.652 <0.001
Birth head circumference (cm) 31.97+2.41 22-36 34.15+0.49 33-35 6.368 <0.001

Subjects enrolled in this study (N = 80)

FGR group (N = 60) Normal control group (N = 20)
Lost of follow-up (N =1)
Labour for own sake (N = 2y——
Labour for fetus death (N =2)
Newborn (N = 55) Newborn (N = 20)
Uncollected peripheral blood at 6 months Lost of follow up after birth
(preterm AGA 3 cases, term AGA 2 cases) — (N=1, term AGA)
Lost of follow up at 4 months
(N =2, term AGA and preterm SGA)
Infants in the follow-up study (N = 52) Infants in the follow-up study (N = 20)

Figure 1. Study follow-up.

The incidence of neonatal complications was 29.09% in the FGR group, including 14
with neonatal pneumonia, 1 with ABO hemolytic disease, and 1 with neonatal asphyxia, while
these complications were not observed in the control group.

Table 3 shows the differences in total serum IgE levels between the 2 groups at dif-
ferent stages. Total serum IgE level was significantly increased in pregnant women with FGR
during third-trimester pregnancy compared with normal pregnant women (P < 0.05), but there
were no significant differences between the 2 groups in umbilical cord blood or infants’ pe-
ripheral blood at 6 months. The prevalence of atopic eczema at 6 months of age did not differ
between the 2 groups (24.07 vs 35%, P> 0.05).
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Table 3. Differences in total serum IgE between the 2 groups at different stages.

FGR group Normal group Z P
Third-trimester maternal blood IgE N 60 20
GMs 38.55 11.9
95%CI 0.61-525.90 0.1-310.00 -1.994 0.046*
Umbilical cord blood IgE N 55 20
GMs 1.60 2.80
95%CI 0.00-19.88 0.00-73.60 -1.535 0.125
Infant peripheral blood at 6 months IgE N 47 20
GMs 7.4 4.75
95%CI 0.84-181.30 0.40-375.30 -0.713 0.476

*P < 0.05. FGR = fetal growth restriction; GMs = geometrical means; CI = confidence interval.

Linear regression analysis between total serum IgE and birth weight, birth length, and
birth head circumference were performed (Table 4). The level of IgE in the third trimester was
significantly negatively correlated with birth weight (P = 0.021). Although the differences did
not reach statistical significance, there was a negative trend between birth length, birth head
circumference, and serum IgE in the third trimester (P = 0.066 and 0.052, respectively). There
were no significant correlations between birth weight, birth length, birth head circumference,
and serum IgE in the cord blood.

Table 4. Linear regression analysis of the relationship between birth weight, birth length, birth head
circumference, and total serum IgE.

Birth weight Birth length Birth head circumference

Regression coefficient P Regression coefficient P Regression coefficient P
Third-trimester maternal blood IgE -0.31 0.021* -0.25 0.066 -0.264 0.052
Umbilical cord blood IgE 0.183 0.212 0.106 0.473 0.152 0.302

*P < 0.05.

Multiple regression analysis (Table 5) revealed that serum IgE level in umbilical cord
blood (>1.0 IU/mL) remained significantly associated with an increased risk of SGA (OR =
6.03, 95%CI: 1.16-31.37, P <0.05), but not with an increased risk of preterm birth (OR =1.41,
95%CI: 0.41-4.89, P> 0.05) or with the occurrence of eczema (OR = 0.63, 95%CI: 0.13-2.99,
P> 0.05). IgE in the third trimester and in the peripheral blood at 6 months was not signifi-
cantly associated with the occurrence of SGA, preterm birth, and eczema.

Table 5. Prevalence odds ratios for birth outcomes, eczema, and serum IgE at different stages.

SGA Preterm Eczema
Yes No Oddsratio Yes No Oddsratio Yes No  Odds ratio
(95%CT) (95%CT) (95%CT)

Third-trimester maternal blood IgE <100 IU/mL 10 28 1.00 12 26 1.00 10 27 1.00
>100IU/mL 5 12 0.96 9 8 2.12 3 14 0.36

(0.24-3.85) (0.61-7.33) (0.06-2.17)
Umbilical cord blood IgE <1.0 IU/mL 319 1.00 7 15 1.00 8§ 13 1.00
>1.0IU/mL 13 20 6.03* 1320 1.41 6 27 0.63

(1.16-31.37) (0.41-4.89) (0.13-2.99)
Infant peripheral blood at 6 months IgE <12 IU/mL 7 18 1.00 9 16 1.00 5 20 1.00
>12.0TU/mL 7 15 1.20 8 14 1.02 7 15 2.19

(0.34-4.20) (0.31-3.35) (0.46-10.45)

*P < 0.05.
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DISCUSSION

The results of this prospective cohort study on FGR further support that a relation-
ship exists between IgE and fetal growth. The results suggested that IgE is involved in the
pathogenesis of FGR. Third trimester IgE and cord blood IgE were strongly related to the birth
outcome of FGR, including birth weight, birth length, birth head circumference, and increased
risk of SGA.

FGR is a clinical syndrome associated with 2-3 times increased perinatal mortality
and morbidity (Thomas et al., 2000; Horbar et al., 2002; Thorp et al., 2002; Garite et al., 2004).
Our results showed that the incidence of SGA and premature birth were 27.3 and 38.1%,
respectively, whereas all control babies were full-term AGA. Moreover, the incidence of neo-
natal disease was 29.09% in the FGR group, including neonatal pneumonia, hemolytic disease
in newborns, and asphyxia in newborns. However, no complications were observed in the
normal control group. Not all FGR infants are small enough to be diagnosed with SGA, but
FGR was affected by the intrauterine environment of malnutrition or other adverse factors at
a critical period. The organs undergo adaptability programming that continues throughout life
despite the relief of adverse conditions after birth.

Our results showed that the level of total serum IgE was significantly increased in
third-trimester pregnant women with FGR compared with that in normal pregnant women, but
the difference in IgE level in the cord blood or peripheral blood at month 6 was not statisti-
cally significant. The pregnant women enrolled in this study had no atopic disease, although
the exact mechanism underlying the association is unclear, and an elevated level of IgE may
be involved in the pathogenesis of FGR. Leken et al. (2010) found that pregnant women had
elevated total IgE levels compared with nonpregnant subjects. This finding suggests that in-
creased total IgE level during pregnancy is a general immunological response to carrying a
fetus. No previous study has reported an association between maternal IgE levels and FGR.
IgE has been closely linked to allergic disorders and may play a pivotal role in non-atopic dis-
ease (Beeh et al., 2000; Oettgen and Geha, 2001; Milgrom, 2002). The impact of IgE on FGR
risk is unknown, but an increased risk of pregnant pre-eclampsia, hypertension, and low birth
weight had been observed in patients with asthma (Keski-Nisula et al., 2009). A prospective
large sample size is required to demonstrate the relationship between IgE and FGR.

Anthropometric parameters at birth reflect fetal growth and intrauterine nutritional
status to some extent. Several studies demonstrated an association between birth weight, birth
length, and later asthma (Leadbitter et al., 1999). Many studies have reported that a large head
circumference at birth was associated with elevated total IgE as well as with the development
of hay fever and asthma in later life (Gregory et al., 1999; Oryszczyn et al., 1999). In addi-
tion, low birth weight was associated with allergic rhinitis and asthma (Hagstrom et al., 1998;
Brooks et al., 2001; Akinbami and Schoendorf, 2002; CDC, 2002). Our study found that third-
trimester maternal serum IgE levels with FGR had a negative relationship with birth length and
birth head circumference, but showed a significant relationship with birth weight (P = 0.021).
A previous study found that cord blood IgE was significantly higher when maternal IgE was
over 100 IU/mL (De Amici et al., 2008). We chose the cut-off point for pregnant women serum
IgE as 100 IU/mL, but we found no relationship between third-trimester maternal blood IgE
level and the prevalence of SGA and preterm. A commonly cited cut-off point is cord blood
IgE 1.0 IU/mL (Shirakawa et al., 1997). It is thought that IgE antibodies cannot cross into the
placenta, although the fetus can synthesize IgE starting at the 11th week of gestation (Shah and

Genetics and Molecular Research 14 (2): 3879-3888 (2015) ©FUNPEC-RP www.funpecrp.com.br



F. Xiong et al. 3886

Bapat, 2006). We found an association between IgE concentration in cord blood and increased
risk of SGA birth, but not preterm birth. These results suggest that anthropometric parameters
affected by the in utero environment may interact with immunological “imprinting”.

Some researchers found that maternal complications as well as prenatal metabolic risk
factors may increase the risk of allergy and asthma among offspring later in life. Kumar et al.
(2009) reported that term infants of pregnancies with gestational diabetes had a 7.57-fold in-
creased risk of atopic dermatitis and a 5.91-fold increased risk of allergen sensitization. In our
study, we found no significant difference in prevalence of eczema at 6 months between FGR
and control groups. Although cord serum IgE is a significant risk factor for allergy develop-
ment in offspring (Shah and Bapat, 2009), the significant association between IgE concentra-
tion at different stages and the prevalence of eczema at month 6 was not observed. Significant
interest has focused on the possibility of predicting and preventing atopic disorders among
children during pregnancy and infancy. Serum total IgE levels were higher in preadolescent
SGA children than in AGA children, although there was no significant difference between
the 2 groups in terms of atopy (Bostanci et al., 2008). These findings suggest that both en-
vironmental and genetic factors determine the level of serum IgE. It has been hypothesized
that when the demand for nutrients later in gestation no longer fully meet the needs of the
rapidly growing fetus, the differentiation of specific thymus-derived helper lymphocytes from
T-helper 2 type toward T-helper 1 type lymphocytes may be permanently impaired, leading to
exaggerated IgE responses and atopic disease phenomena later in life (Godfrey et al., 1994;
Bostanci et al., 2008; Hinz et al., 2010), although some findings are inconsistent. In our study,
we found no association between IgE and atopic disease later in life, and the mechanism un-
derlying FGR and atopic disease must be further explored.

In conclusion, our results indicate that compared with normal pregnant women, the
level of total serum IgE was significantly increased in third-trimester pregnant women with
FGR. In addition, third trimester IgE and cord blood IgE may be strongly related to the birth
outcome of FGR. Though there is no evidence supporting a relationship between total serum
IgE at different stages and the prevalence of eczema. As the sample size in this study was
small, further large-scale prospective cohort studies are needed to clarify the factors and im-
munologic mechanisms examined.
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