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Summary

Background It is generally thought that infants with a first-degree familial predisposition of
asthma are at higher risk of developing asthma than infants without predisposition.
Objective To investigate whether there is an association between being at high risk for
developing asthma and increased level of total IgE in newborns and whether total IgE is
influenced by gender, family size, birth season, maternal smoking, birth weight, gestational
age, and maternal diet.
Methods Two hundred and twenty-one high risk and 308 low-risk infants were prenatally
selected in a 5-year-period. Three to 5 days after birth, the total IgE was measured in capillary
heel blood.
Results Data on total IgE and first-degree familial predisposition were available for 170 high-
risk and 300 low-risk infants. There was a statistically significant relationship between being
at high-risk (maternal asthma) and increased levels of total IgE in newborns (total IgE cut-off
levels: 0.6–0.9 IU/mL (odds ratio (OR) = 2.1, 95% confidence interval (CI): 1.2–3.7 to 3.0, 95%
CI: 1.5–5.9)), between being born in autumn and increased levels of total IgE in newborns
[total IgE cut-off levels: 0.5–0.6 IU/mL (OR = 2.5, 95% CI: 1.2–5.1 to 2.5, 95% CI: 1.2–5.4)] and
between maternal vitamin supplements intake and decreased levels of total IgE in newborns
(total IgE cut-off level: 0.9 IU/mL (OR = 0.5, 95% CI:0.3–1.0)). There was no interaction
between the effects of maternal asthma and birth season on total IgE, as well as between the
effects of maternal asthma and maternal vitamin supplements intake. Gender, family size,
maternal smoking, birth weight, and gestational age did not influence the associations.
Conclusion Being at high-risk of asthma (maternal asthma) and birth season are positively
associated with the presence of increased levels of total IgE at birth, whereas maternal vitamin
supplements intake is negatively associated with the presence of total IgE at birth.
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Introduction

Asthma is a common chronic disease in childhood and is
predominantly newly diagnosed in infants and small
children. The prevalence of asthma is high [1, 2] although
there are large variations throughout the world [3].

The development of asthma is partly determined by
genetic factors, which suggests that familial predisposi-
tion of asthma is a possible risk factor for future asthma.
Another factor that is at least partly determined by genetic
factors is IgE. The foetus synthesizes IgE already from the
11th week of gestation [4]. Moreover, IgE production has
been shown to differ between men and women [5–9] as

well as between different races [10]. In the present study,
we investigate whether infants with a first-degree familial
predisposition of asthma are more often born with in-
creased levels of IgE than infants without such a predis-
position.

Several studies have been performed in this field.
However, in most studies family history was determined
after the study group was selected or after the baby was
born using questionnaires that were completed by the
parents [10–15] instead of a physician, which does not
exclude possible recall bias. Also in most cases the effect
of a first-degree family history of atopy instead of a first-
degree family history of asthma was studied [10–12, 14].
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Some of the studies showed an association between a first-
degree family history of atopy and newborn IgE [10–14].
One study failed to do so [13]. Johnson et al. [15] and Kaan
et al. [16] showed in their studies an association between
newborn IgE and maternal asthma. However, in the study
of Johnson no multivariable adjustment was made for
potential confounders, whereas in the study of Kaan et al.
a control group (of infants without a first-degree familial
predisposition of asthma) was lacking.

Furthermore, the presence of newborn IgE seems to be
influenced by other factors like gender [9, 12, 13, 15–19],
birth season [12, 16–18, 20, 21], ethnicity [10, 14,16, 18],
prenatal parental smoking [12, 16, 18, 22–24], gestational
age [12, 13, 15, 17, 20], birth weight [12, 15, 17], and
possibly maternal diet during pregnancy [25–27] that are
not taken completely into account in most studies.

In the present study, the general practitioner (GP)
determined family history of asthma as, in the Nether-
lands in most cases, all family members share the same
physician and the GP registers prospectively whether a
family member has asthma. Therefore, it was expected
that the GP had a comprehensive overview of asthma in a
family. In addition to other studies in this field, in this
study the effect of first-degree familial predisposition of
asthma on newborn total IgE (from capillary heel blood)
will be assessed by comparing a high-risk group with a
low risk-group.

Methods

Recruitment of subjects

A detailed description of recruitment of participants is
given elsewhere [28]. Briefly, in a period of 5 years
(1997–2002), 793 infants, from 3 to 7 months pregnant
women, were prenatally included in a Dutch primary care
setting, for a randomized clinical prevention trial (RCPT)
and a natural history study. Recruitment took place in
primary care (RCPT and natural history study) and by
advertisements (RCPT). From the 793 infants, 27 were
excluded because of intra-uterine neonatal death, major
language problems in the family, serious birth defects, or
moving abroad. Fifteen infants were lost to follow-up. Four
hundred and forty-three infants had a first-degree familial
predisposition of asthma (high-risk group) and participated
in the RCPT. Two hundred and twenty-two infants from the
RCPT were allocated to an intervention group (not dis-
cussed in this paper) [28] whereas the other 221 of the
control group, as well as 308 infants without a familial
predisposition of asthma, received usual care according to
the Guideline of the Dutch College of General Practitioners
[29]. According to these guidelines, children with a symp-
tom-based diagnosis received an initial treatment with
short-acting bronchodilators and, when no adequate asth-
ma control was achieved, a step-up approach with inhaled

corticosteroids in increasing dosage. Fifty-five infants
dropped out because mothers refused newborns’ blood
sampling (n = 11) or the baby’s blood sample was too small
for analysis (n = 44). Four infants dropped out because it
was not clear which first-degree family member(s) had
asthma. For the analysis complete data on total IgE and
first-degree familial predisposition were available for 170
high-risk and 300 low-risk infants. From the 470 infants
that were left for the analyses, information on prenatal
maternal smoking was lacking in 12 infants (seven high-
risk infants and five low-risk infants) and information
concerning maternal intake of vitamin supplements during
pregnancy was lacking in five infants (five high-risk
infants). From six infants information concerning prenatal
maternal smoking as well as maternal intake of vitamin
supplements during pregnancy (three high-risk infants and
three low-risk infants) was missing. These infants were
included in the bivariate analyses, but excluded from the
multiple logistic regression analyses.

‘High risk’ (first-degree familial predisposition of asth-
ma) was defined in our study as ‘at least one first-degree
family member (i.e. the pregnant woman, the biological
father of the unborn child or an older sibling) suffering
from GP registered asthma’, whereas ‘low-risk’ was de-
fined as absence of GP registered asthma in family
members [28]. The group of infants who had a positive
family history of maternal asthma only or maternal
asthma as well as asthma in one or more other first-degree
family members, were labelled as the maternal asthma
group. The group of infants who had a positive family
history of ‘asthma in first-degree family members’, in
which the mother was not included were labelled as the
paternal and/or sibling asthma group.

Asthma was defined according to the International
Classification of Primary Care [30] as recurrent episodes
of reversible acute bronchial obstruction with wheeze
and/or dry cough.

Total immunoglobulin E measurements

Between 3 and 5 days postpartum, blood samples were
collected on a filter paper by using a heel prick to measure
the concentration of total IgE. The analysis of total IgE
was performed according to the method described by
Stapel et al. [31]. In brief, total IgE was determined with
an immunoradiometric assay. Absorbed material was cut
and eluted by incubation with PBS-T (PBS/Tween-20
(0.1% v/v)) for 16 h under constant rotation. Eluates were
separated from filter paper by centrifugation. Determina-
tion of total IgE in eluted blood spots was performed using
Sepharose-immobilized reagents and 125I-labelled anti-
IgE, raised in sheep (‘in house’-developed tests). Test
results were expressed in IU/mL (1 IU representing ap-
proximately 2.4 ng of total IgE).
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The detection limit of the assay was (depending on the
size of the blood spot) 0.2 IU/mL and the cut-off levels
chosen for elevated total IgE were 0.5, 0.6, 0.7, 0.8, and
0.9 IU/mL.

Potential confounders and effect modifiers

Number of siblings was documented at inclusion. Gender,
birth season, birth weight, and gestational age were
registered at the moment the infant was born. Prenatal
smoking by the mother was registered by use of a ques-
tionnaire after the infant was born.

Information concerning maternal intake of vitamin
supplements during pregnancy was collected by use of a
questionnaire, which was completed by the mother when
the infant was 6 months of age. With this questionnaire
information was obtained concerning the intake of several
dietary products like milk, eggs, fish, fruit, and vitamin
supplements during pregnancy. The questionnaire con-
tained 16 items. Mothers where asked, whether they had
consumed more, equal, or less of the questioned products
during their pregnancy than before their pregnancy.

Statistical methods

To get an impression of the distribution of total IgE, a
scatter plot was generated for the high- and low-risk
group. To be able to generate a scatter plot, all values that
were below the detection limit were set at 0.01 IU/mL.
Mann—Whitney’s U-test was performed to compare the
median total IgE values in the high- and low-risk groups.

As the total IgE levels were not normally distributed,
even after logarithmic transformation, the remaining
analyses were carried out with the total IgE level dichot-
omized at different cut-off levels. The w2-test and Stu-
dent’s t-test were used to examine the bivariate
relationships of (the presence or absence of) first-degree
familial predisposition of asthma with the potential con-
founders and/or effect modifiers. These tests were also
used to examine the bivariate relationships between the
dependent variable total IgE and the independent variable
first-degree familial predisposition of asthma as well as
the potential confounders and/or effect modifiers gender,
family size, birth season, prenatal smoking by the mother,
birth weight, pregnancy duration, and maternal diet dur-
ing pregnancy. In a backward multiple logistic regression
analysis the simultaneous contributions of the indepen-
dent variables to the presence of total IgE 3–5 days
postpartum were evaluated as follows. Firstly, all variables
that could potentially act as confounder were entered in
the model. Then linearity was checked for birth weight
and pregnancy duration (as these variables were contin-
uous). Finally, stepwise backward regression analyses
were performed, in which the least significant variable
was dropped one by one. As the variables family size, birth

season, and maternal intake of vitamin supplements
during pregnancy differed for the high- and low-risk
group, these variables were kept in the models. First order
interactions between first-degree familial predisposition
of asthma with birth season, family size and maternal
intake of vitamin supplements during pregnancy were
checked. P-values less than 0.05 were considered to be
statistically significant. Statistical analyses were per-
formed using the Statistical Package for the Social
Sciences (SPSS) version 11.0.

Ethical approval

Ethical approval for this study was obtained from the
ethics committees of the participating institutes. All
participants gave written, informed consent.

Results

In Table 1, the asthma status of first-degree family
members in high-risk infants is shown. The demographic
characteristics of the study population are shown in Table
2. For the infants for whom complete data were not
available, the demographic characteristics were compar-
able with those of the analysed group. Five infants from
the high-risk group and 14 infants from the low-risk
group were premature at birth (o 37 weeks). A statisti-
cally significant difference between the high- and low-
risk groups was detected for family size (infants from the
high-risk group had more siblings), birth season (in the
low-risk group most births were in spring and summer)
and maternal intake of vitamin supplements during preg-
nancy (more low-risk than high-risk mother consumed
vitamin supplements). Total IgE levels ranged from o 0.2
to 23.2 IU/mL (median o 0.2 IU/mL) in the high-risk
group versus o 0.2 to 7.97 IU/mL (median o 0.2 IU/mL)
in the low-risk group. Seventy-one per cent of the high-
risk infants and 70% of the low-risk infants had undetect-
able total IgE levels (median (total IgE) o 0.2 IU/mL,
geometric mean o 0.2 IU/mL). Using the Mann–Whit-
ney’s test, there was no statistically significant difference
in total IgE between high- and low-risk infants (P = 0.47)
(Fig. 1).

Table 1. Asthma status in first-degree family members of high-risk
infants

N (%)

Mother with asthma, n (%) 50 (29.4)
Father with asthma, n (%) 32 (18.8)
Sibling with asthma, n (%) 31 (18.2)
Mother and father with asthma,, n (%) 15 (8.8)
Mother and sibling with asthma, n (%) 21 (12.4)
Father and sibling with asthma, n (%) 16 (9.4)
Mother and father and sibling with asthma, n (%) 5 (2.9)
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Using bivariate analysis, a statistically significant high-
er proportion of infants with increased levels of total IgE
was found in the group with maternal asthma at a total IgE

cut-off level of 0.6, 0.7, 0.8, and 0.9 IU/mL (Table 3). In
comparison with other birth seasons there was the ten-
dency that infants born in autumn had more often
increased levels of total IgE at all total IgE cut-off levels
except 0.9 IU/mL. There also was a tendency that infants
with three or more siblings had more often detectable total
IgE levels than infants with two or less siblings. However,
this did not reach statistical significance. Maternal intake
of vitamin supplements during pregnancy resulted statis-
tically significantly more often in decreased total IgE
levels in infants at a total IgE cut-off level of 0.9 and
0.8 IU/mL compared with when no vitamin supplements
were consumed by pregnant women (Table 3). No effect
was seen from all other food components studied. Boys
had more often detectable total IgE at all total IgE cut-off
levels than girls, however, this was not statistically sig-
nificant. Moreover, the same association was seen in the
group of infants with maternal asthma. In this group there
was again a tendency of increased total IgE in boys
compared with girls, which was not statistically signifi-
cant (data not shown). No differences were found between
total IgE at birth and prenatal smoking by the mother,
birth weight, and gestational age at any total IgE cut-off
level studied (Table 3).

In Table 4 the results of the multiple logistic regression
analysis are shown. In this table only the variables for
which the high- and low-risk group differed are reported.
Maternal asthma (vs. no asthma in first-degree family
members) remained statistically significantly associated
with increased total IgE at a cut-off level of 0.6, 0.7, 0.8,
and 0.9 IU/mL (Table 4). Paternal asthma as well as asthma
in siblings had no statistically significant contribution to
the level of total IgE. Number of siblings was retained in
the presented models for comparison, given the interest
paid to this variable in literature. At a cut-off level of 0.5
to be born in autumn and winter (vs. to be born in spring)
were statistically significantly associated with increased
total IgE, whereas at a cut-off level of 0.6 IU/mL to be born
in summer and autumn (vs. to be born in spring) were
statistically significantly associated with increased total
IgE (Table 4). Maternal intake of vitamin supplements
during pregnancy remained statistically significant at a
total IgE cut-off level of 0.9 IU/mL, but not at a cut-off
level of 0.8 IU/mL (Table 4).

Discussion

Elevated total IgE levels were more often found in high-
risk newborns than in low-risk newborns. The high- and
low-risk group differed in family size, birth season, and
maternal consumption of vitamin supplements during
pregnancy, which made those variables potential con-
founders in this study. After controlling for these and
other potential confounders, multiple logistic regression
analysis revealed that maternal asthma and born in

Table 2. Demographic characteristics of the study population

High-risk
group

Low-risk
group

P-
value

N 170 300
Mother’s age (years) (�SD) 31 (� 3) 31 (� 4) 0.73
Father’s age (years) (�SD) 33 (� 4) 34 (� 4) 0.31
Gender, n (%)

Male 85 (50.0) 157 (52.3) 0.63
Female 85 (50.0) 143 (47.7)

Birth weight in grams (�SD) 3494 (� 488) 3457 (� 580) 0.48
Gestational age in weeks (� SD) 39.9 (� 1.5) 39.8 (� 1.7) 0.62
Birth season, n (%)

Spring 39 (22.9) 90 (30.0) 0.002
Summer 42 (24.7) 101 (33.7)
Autumn 34 (20.0) 55 (18.3)
Winter 55 (32.4) 54 (18.0)

Siblings, n (%)
0 64 (37.6) 136 (45.3) 0.04
1 66 (38.8) 124 (41.3)
2 31 (18.2) 32 (107)
X3 9 (5.3) 8 ( 2.7)

Prenatal maternal
smoking, n (%)

19 (11.9) 32 (10.7) 0.77

Maternal intake of
vitamin supplements
during pregnancy, n (%)

81 (50.0) 188 (63.0) 0.06
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Fig. 1. Total newborn IgE levels in high-risk (HR) infants and low-risk
(LR) infants. Seventy-one per cent of the HR infants as well as 70% of the
LR infants had undetectable IgE levels. In the HR as well as in the LR
group the median total IgE level was o 0.2 IU/mL.
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autumn remained associated with elevated total IgE,
whereas maternal intake of vitamin supplements during
pregnancy remained associated with decreased total IgE.
We found that the odds ratio for detectable total IgE in
high-risk newborns with maternal asthma compared with
low-risk newborns increased with increasing total IgE cut-
off levels, indicating that the higher the total IgE cut-off
level, the better high-risk newborns could be distin-
guished from low-risk newborns. Paternal asthma as well
as asthma in siblings had no contribution to the level of
total IgE in newborns.

Our study is the first that used a GP registered popula-
tion. Accordingly, we had the advantage that an impres-
sion could be obtained of the newborn total IgE pattern in
a primary care population. We expected that a GP had a
comprehensive overview of asthma in a family, as in the
Netherlands, in almost all cases, all family members share
the same physician and the GP registers prospectively
whether a family member has asthma.

A disadvantage of this selection procedure may be that
in some cases a sibling below 6 years could not have been
given a definite asthma diagnosis. Another important
point is the chance of underestimation of the asthma risk
because of the selection procedure used. When asthma in
siblings is involved in defining ‘high risk’, an under-
estimation of the risk in smaller families compared with
larger families will exist. However, when the definition of
high risk is exclusively based on asthma in the parents, the
underestimation might be even more pronounced. To

account for the mentioned possible underestimation of
the risk in our design, we controlled for family size in the
multiple logistic regression analysis.

It has been suggested that cord-blood may be contami-
nated with maternal blood and that high levels of cord-
blood total IgE could be due to this contamination [12, 15,
32]. Lilja et al [32] showed that in 50% of infants with
cord-blood total IgEX0.9 kU/L the total IgE concentra-
tions decreased below this value on days 4–5 and that
there was a correlation between maternal total IgE and
cord-blood total IgE concentrations. In order to prevent
for maternal contamination we collected capillary heel
blood for total IgE detection at days 3–5 after birth.

We found that maternal asthma was associated with
elevated total IgE at all total IgE cut-off levels studied
except 0.5 IU/mL. An association between maternal asth-
ma and total IgE in newborns was also found by two other
study groups [15, 16]. In other studies, an association was
found between maternal atopy and total IgE in newborns
[11, 12, 14]; however, one study failed to do so [13]. In
most studies the total IgE cut-off level that was chosen
differed, which makes comparison difficult. We examined
our data at various total IgE cut-off levels. A total IgE cut-
off level of 0.9 IU/mL was chosen because this cut-off
level represents the clinical cut-off level, a cut-off level of
0.5 IU/mL was chosen to be able to better compare our
findings with those of others, as this cut-off level was used
in most studies. We chose the cut-off levels 0.6–0.8 IU/mL
to investigate a possible dose–response relationship.

Table 4. Summary of backward multiple logistic regression analyses

Adjusted OR
(95% CI), 0.5 IU/mL

Adjusted OR
(95% CI), 0.6 IU/mL

Adjusted OR
(95% CI), 0.7 IU/mL

Adjusted OR
(95% CI), 0.8 IU/mL

Adjusted OR
(95% CI), 0.9 IU/mL

No asthma 1.00 1.00 1.00 1.00 1.00
Maternal asthma 1.67 (0.94–2.95) 2.06 (1.15–3.68)� 1.89 (1.03–3.45)� 2.22 (1.17–4.22)� 2.99 (1.50–5.93)��

Paternal asthma and/or
sibling asthma

0.97 (0.49–1.91) 1.19 (0.60–2.39) 1.05 (0.50–2.17) 1.12 (0.51–2.48) 1.53 (0.65–3.60)

Sibling’s
0 1.00 1.00 1.00 1.00 1.00
1 0.72 (0.43–1.21) 0.72 (0.42–1.24) 0.77 (0.44–1.36) 0.79 (0.42–1.47) 0.65 (0.33–1.29)
2 0.68 (0.31–1.49) 0.66 (0.29–1.49) 0.81 (0.35–1.84) 0.77 (0.31–1.92) 0.54 (0.19–1.53)
X3 1.59 (0.51–4.94) 1.76 (0.56–5.50) 2.12 (0.67–6.63) 2.72 (0.85–8.72) 2.11 (0.60–7.36)

Birth season
Spring 1.00 1.00 1.00 1.00 1.00
Summer 1.96 (1.00–3.83) 2.12 (1.05–4.29)� 1.77 (0.86–3.64) 1.54 (0.70–3.40) 1.35 (0.58–3.16)
Autumn 2.46 (1.19–5.08)� 2.53 (1.18–5.42)� 2.13 (0.97–4.64) 2.02 (0.87–4.70) 1.42 (0.57–3.58)
Winter 2.07 (1.02–4.21)� 2.07 (0.98–4.38) 1.88 (0.88–4.01) 1.80 (0.80–4.07) 1.47 (0.62–3.52)

Maternal intake of vitamin
supplements during pregnancy

0.68 (0.43–1.09) 0.70 (0.43–1.15) 0.69 (0.41–1.14) 0.60 (0.35–1.05) 0.53 (0.29–0.97)�

�Po 0.05, ��Po 0.01.
All variables that were studied in the bi-variate analyses were entered in the multiple logistic regression models. With a stepwise backward regression
procedure all variables that had no statistically significant effect on IgE were dropped one by one. With each step it was checked whether the omitted
variable was a confounder. As the number of siblings, birth season, and maternal intake of vitamin supplements during pregnancy differed between the
high- and low-risk group they were kept in the models.
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Birth season was also associated with detectable new-
borns total IgE, which agrees with others [16–18, 20]. There
is however no agreement on the season that most affects
newborns total IgE. We found the highest percentage of
elevated total IgE in the autumn in high risk as well as in
low-risk infants. In the high-risk group, a more or less
cyclic pattern of birth season and newborn total IgE was
observed. Halonen et al. [18] and Kimpen et al. [20] found
in an unselected population a cyclic sinusoidal pattern of
month of birth with total IgE with the highest values in
spring [18, 20] as well as in winter [21] and the lowest
values in autumn. Hansen et al. [17] found the lowest
values in october, but no cyclic total IgE pattern through-
out the year. Kaan et al. [16] and Bjerke et al. [21] found the
highest proportion of newborns with detectable total IgE in
winter and late autumn, respectively. These seasonal differ-
ences between the study groups are probably partly be-
cause of the climate differences throughout the world.

We asked mothers whether they consumed several food
components during their pregnancy and tested whether
these were associated with newborn total IgE. None of the
components showed a relationship with newborn total
IgE, except the consumption of vitamin supplements.
Unfortunately, information concerning the frequency
and duration of vitamin supplements intake as well as
the composition of the vitamin supplements was not
collected. The consumption of vitamin supplements re-
mained significant in the multiple logistic regression
analysis. However, at this moment we are not able to give
a satisfactory explanation for this finding, therefore
further research is necessary to confirm this observation.

Although more male than female newborns had detect-
able total IgE, there was no significant effect of gender on
total newborn IgE in the group as a whole as well as in the
group with maternal asthma, which is in accordance with
some other studies [15, 16]. However, in other studies an
association of gender and total newborn IgE was found [12,
13, 17–19]. A difference of these studies with our study and
the studies of Kaan et al. [16] and Johnson et al. [15] was
that the size of the study populations in the former studies
was larger, which might be responsible for the differences
found. We saw no effect of prenatal maternal smoking and
gestational age. However, only 10% of the mothers smoked
during pregnancy and 19 infants were pre-term. Therefore,
we were not able to assess the effects of these phenomena
on total newborn IgE.

There are several studies in which maternal atopy or
asthma and birth season have been shown to affect total
IgE in newborns. With this primary-care study we tried to
add another piece of the puzzle. We confirm at different
total IgE cut-off levels, in a GP registered population
where we compared infants with a first-degree familial
predisposition of asthma to infants without this predis-
position, the results of former studies. We found an
association of total IgE in newborns with birth season

and maternal asthma but not with paternal or sibling
asthma, which confirms the idea that besides a genetic
pathway an environmental pathway plays a role.
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