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Summary

Background A family history of atopy, and cord blood immunoglobulin E concentration,
have been shown to be predictors of atopic disease in children. Several studies have
suggested that parental atopy may be related to newborn immunoglobulin E.

Objective The purpose of our analysis was to evaluate whether parental history of allergic
disease was associated with cord blood immunoglobulin E concentration.

Methods The study subjects were from a defined population of 777 newborns delivered
between 1987 and 1989. The mothers of these children completed a questionnaire during
pregnancy concerning themselves and the child’s father, including parental history of
physician diagnosis of allergic diseases (allergies, hay fever and asthma). Total immuno-
globulin E levels were quantitated in cord blood samples with an enzyme-linked
immunoassay.

Results Median cord blood immunoglobulin E concentration was higher among infants
whose mothers had a history of atopic disease, particularly for those with a history of asthma
(P<0.022) and allergen immunotheraf3«0.016) vs infants whose mothers had no history

of any atopic disease. Comparing all babies with a maternal history of asthma, to babies
where neither parent had a history of any atopic disease, the median cord blood
immunoglobulin E was significantly higher (0.36 IU/mL vs 0.21 1U/nf£0.009). This
association was found only among female infants (0.49 IlU/mL vs 0.20 IlURr{Q.001).
Conclusion Maternal, but not paternal, history of atopic disease was associated with an
elevated immunoglobulin E among newborns. For maternal asthma, this association was
only evident in infant girls.

Keywords: cord blood IgE, family history, Carter effect, epidemiology

Clinical and Experimental Allergyol. 26, pp. 624—-629. Submitted 27 April 1994; revised
3 July 1995; accepted 3 September 1995.

IgE levels are related to the development of allergic disease
and asthma in childhood [10-19]. Because of these associa-
The familial nature of allergic disease is well known. tions it seems probable that parental history of allergic
Family history of atopic disease has been shown to be disease would be related to cord blood immunoglobulin E
relatively sensitive, but non-specific predictor of allergic (IgE) concentration. Michegt al. [10] found that mothers,
diseases in children living in westernized countries [1-6].but not fathers, with a high serum IgE, had babies with
Further, increasing serum concentration of IgE is generalljhigher cord IgE levels. Magnussehal.reported data from
associated with increasing risk of clinical allergic disease ina Belgian population of newborns showing that elevated
children and adults [2,7-9] and some have reported that cordord blood IgE was associated with a maternal history of
allergies [15]. One South African study has reported that a
Correspondence: Dr C. C. Johnson, Biostatistics, Research Epidemiolog{?m"y hls_tory of atopy in first degr_ee_ relatives Of_ Whlte
and Medical Informatics, One Ford Place, 3E Detroit, Michigan 48202,newborn infants (mother, father or sibling) was statistically
USA. associated with elevated cord IgE [20]. We used data from a
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large, population-based, prospective study of children to Similarly, the concentration of IgA was measured by
evaluate whether reported parental history of atopic diseadeLISA to evaluate possible contamination of the cord sera
was associated with cord blood IgE concentration. with maternal blood. Sera with IgA values of39 ug/mL
were considered potentially contaminated with maternal
blood and excluded from analyses [21].

Delivery data such as gender, as well as type of delivery,
The data used in this analysis were collected as part of ahirth weight and length, and complications, were abstracted
ongoing study evaluating environmental determinants ofrom the newborn’s medical record. In the case of multiple
allergic diseases in a population of children followed from pregnancies or births during the study period, only one child
birth. Selection of the study cohort has been previouslyper family was eligible for study.
described in detail [21]. Briefly, all women 18 years and
older, with a prenatal appointment at one of seven clinic -
serving the northern suburbs of Detroit Michigan, USA,SSI"’WS“C""I methods
were approached for study recruitment. To be eligible, &Cord blood IgE concentrations were positively skewed,
woman had to be a member of the Health Alliance Planindicating non-normality. The IgE values were transformed
health maintenance organization and have an estimated dat&a natural logarithm, yielding geometric means, but the
of confinement between 15 April 1987 and 31 August 1989data still exhibited non-normality. Therefore medians were
with delivery planned for one of the three hospitals servingcompared, using the nonparametric Wilcoxon Rank Sum
the health maintenance organization patients. Additionallytest. (The geometric means are also provided to allow
women had to reside within an area surrounding the cliniccomparison with other studies.) We analysed the cord IgE
as defined by contiguous postcodes. concentrations among newborns whose mothers or fathers

Research nurses recruited women during midterm prereported a history of each atopic condition vs newborns with
natal visits. At this time, the women completed a self-the specified parent having none of these conditions.
administered questionnaire concerning themselves and théocussing on asthma, this analysis was repeated stratifying
babies’ fathers. The following independent variables wereby parental smoking status. Differences in cord blood IgE
collected in this manner: demographics, selected lifestylamong newborns for whom both parents had asthma, versus
characteristics including current smoking behaviours, and single parent with asthma, were compared with newborns
parental history of physician diagnosis of allergic disease$or whom neither parent had a history of asthma or any
(allergies, hay fever and asthma), as well as bronchitis andtopic disease. This analysis was repeated stratifying by
emphysema. In addition, the mother was asked if she hamfant gender.
ever been clinically evaluated by an allergist, had allergy
skin tests, or allergic immunotherapy.

The a priori dependent variables for this analysis
included the newborn’s cord IgE level and gender. AtOf the 1194 pregnant women potentially eligible for inclu-
delivery a cord blood sample was obtained. The serunsion in the study, 1090 (91%) were contacted; 953 (87%)
was separated and stored-a20°C until assay. Total IgE agreed to participate. Cord blood was obtained and tested
levels were quantitated as previously described with arfrom 847 newborns (89%); others were not collected due to
enzyme-linked immunoassay (ELISA) [21]. This assay iseventual miscarriage or stillbirth, complications at delivery,
a biotin-avidin amplified ELISA. The antibody used in both change of hospital for delivery, or inadvertent lack of
the capture and detecting steps was affinity-purified antispecimen collection. Six of the bloods with high IgE
human IgE (Kirkegaard & Perry Laboratories, Gaithers-concentrations were found to have high IgA levels; these
burg, MD, USA). When the anti-IgE was used as thespecimens were considered to be contaminated with mater-
detecting antibody, it was biotin-labelled. nal blood and excluded. Ninety-two per cent={ 777) of

Standard curves were constructed from appropriate diluthe remaining 841 mothers classified themselves as white;
tions of a patient serum that had been standardized againsince there were insufficient numbers in the other
the US reference standard. The average net optical densigthnic groups, all analyses were restricted to whites. The
produced by unknown samples was converted to internamean maternal and paternal ages, with their standard devia-
tional units (1U) of IgE by calculation from the computer- tions (sp), were 28.7 ¢p 4.4) and 31.0 yearssg 5.5),
fitted standard curve. Six internal standards were includedespectively. Nearly all parents (96%) had a high school
with each assay run. The routine sensitivity of the assay wasducation, and over a third were college graduates. At the
0.02 1U/mL of IgE, and the average interassay coefficient otime of questionnaire administration, 82.0% of the
variation was 17.6%, an acceptable magnitude as we wemothers and 74.9% of the fathers were reported to be non-
measuring extremely low IgE levels. smokers.

Materials and methods

Results
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Nearly a third of the mothers and a quarter of the fathersve examined the relationship between parental history of
had a history of a physician diagnosis of allergies (Table 1)asthma and cord IgE by smoking status. Table 2 reveals that
Less than 10% were documented to have a history ofhe positive association of maternal history of asthma with
asthma. Fifteen per cent of the mothers had had an allergielevated cord IgE is evident only among babies of non-
disease diagnosed by an allergist, and 53% of these womemoking mothersK < 0.006); indeed compared with non-
gave a history of receiving allergen immunotherapy. smokers, median IgE was lower among babies whose

Cord blood IgE level was not related to educational statusnothers or fathers had a history of asthma and were smokers.
of parents, length of gestation, gender of baby, birth weight oHowever, reclassifying those who smoke as negative for
length, or APGAR scores. Table 1 compares the mediahistory of asthma, or excluding them from the analysis, did
levels of cord blood IgE among newborns whose mothers onot noticeably alter the overall association between maternal
fathers had a positive history in each of the differentasthma and higher cord blood IgE concentrations.
categories of atopic disease to those newborns whose The median cord IgE was compared between those babies
mothers and fathers, respectively, had a negative historfor whom both parents were positive for a history of asthma
of any atopic disease. For each maternal atopic diseases those babies for whom both parents had negative histories
related category, the median cord IgE was higher fo(Table 3). There was no difference, (0.19 IU/mL vs 0.21 1U/
children whose mother had a positive response. This differmL, respectively), although the number of children with two
ence was statistically significant for a history of any allergy,positive parents numbered only six. Similar analyses (both
asthma, or allergen immunotherapy. The cord blood IgBparents positive asthma history, maternal history only, and
values were somewhat lower in babies whose fathers hadaternal history only, vs negative parental history) are
reported history of any allergie$® (< 0.081) or hay fever presented for male and female infants separately. The
(P < 0.082), and nearly identical for those babies with andassociation of a positive maternal history and higher cord
without fathers with asthma. IgE concentration was only apparent, and markedly so,

Respiratory symptoms resulting from cigarette smokingamong the female babies (0.491U/mL vs 0.20IU/mL,
may be misdiagnosed as allergic symptoms, or smoking® < 0.001).
may aggravate allergic symptoms and bring them to clinical
attention. Smokers with chronic cough may also be mis-
classified as having asthma. Because of the possibility thal
smoking status may have influenced disease classificatiohye expected to find that parental history of atopic disease

iscussion

Table 1. Comparison of cord blood IgE levels among newborns, by matemal {77) and paternaln(= 772) history of physician-
diagnosed atopic diseases

Positive history No history of any atopic disease*
Geometric Median Geometric Median
mean cord  cord blood mean cord cord blood
n blood IgE IgE Range** n  blood IgE IgE Range** P-value
Maternal
Physician diagnosis of any
allergy 240 0.23 0.25 0.03-1.23 491 0.19 0.21 0.01-1.27 0.043
Physician diagnosis of hay fever 124 0.22 0.24 0.01-1.10 491 0.19 0.21 0.01-1.27 0.224
Physician diagnosis of asthma 56 0.26 0.33 0.05-1.25 491 0.19 0.21 0.01-1.27 0.022
Allergist confirmation of atopic
disease 118 0.22 0.24 0.02-1.10 491 0.19 0.21 0.01-1.27 0.317
History of immunotherapy 63 0.28 0.31 0.06-1.10 491 0.19 0.21 0.01-1.27 0.016
Paternal
Physician diagnosis of allergies 185 0.18 0.19 0.01-1.18 452 0.21 0.22 0.02-1.20 0.081
Physician diagnosis of hay fever 143 0.16 0.19 0.01-0.99 452 0.21 0.22 0.02-1.20 0.082
Physician diagnosis of asthma 49 0.22 0.23 0.04-1.35 452 0.21 0.22 0.02-1.20 0.645

*The comparison group is defined as children for whom the respective parent had a negative history of asthma or any allergy.
** Range runs from 5th to 95th percentile of data.
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Table 2. Cord blood IgE levels among newborns, by parental history of asthma and current parental smoking behaviour*

Positive history of asthma No history of any atopic disease**

Geometric Median Geometric Median
mean cord  cord blood mean cord  cord blood
n blood IgE IgE Range™ n  blood IgE IgE Range™ P-value

Non-smokers
Maternal history of asthma 51 0.29 0.34 0.05-1.25 392 0.20 0.22 0.01-1.35 0.006
Paternal history of asthma 37 0.26 0.23 0.06-1.41 326 0.20 0.22 0.02-1.25 0.329
Smokers~~
Maternal history of asthma 5 0.12 0.09 0.05-0.52 98 0.18 0.19 0.01-0.99 0.197
Paternal history of asthma 11 0.21 0.20 0.01-0.64 123 0.22 0.20 0.05-1.05 0.289

*Four newborns are excluded as one of their parents had an unknown smoking status (one father with a history of asthma and one mother
and three fathers with negative histories of asthma or any atopic disease).

**The comparison group is defined as children for whom the respective parent had a negative history of asthma or any atopic disease.
" Range runs from 5th to 95th percentile of data.

~~Smokes one or more cigarettes a day at time of survey.

would be associated with an increased cord blood IgBEpaternal history of any allergy or hay fever and the lack of
concentration, suggesting an inherited tendency toward an association with paternal history of asthma, which has
higher basal serum IgE concentration. The significant assdeen suggested in other studies [10,15], is intriguing.
ciation between positive maternal histories for atopic dis- Perhaps this apparent difference in the influence of
eases and higher cord IgE concentrations supported thimaternal vs paternal allergic disease history is an example
expectation. However, the inverse associations betweeof the ‘Carter effect’, first described in childhood pyloric

Table 3. Cord blood IgE levels among newborns, by parental history of asthma and gender of baby*

Positive history of asthma No parental history of any atopic disease**
Geometric Median Geometric Median
mean cord cord blood mean cord cord blood
n blood IgE IgE Range™ n  blood IgE IgE Range™ P-value

All babies
Both parents with history 6 0.18 0.19 0.06-0.32 618 0.19 0.21 0.01-1.20 0.706
Maternal history only 48 0.28 0.36 0.05-1.25 618 0.19 0.21 0.01-1.20 0.009
Paternal history only 42 0.23 0.26 0.04-1.35 618 0.19 0.21 0.01-1.20 0.274
Male infants (n= 344)
Both parents with history 5 0.18 0.18 0.06-0.32 297 0.22 0.23 0.02-1.40 0.543
Maternal history 21 0.18 0.25 0.01-0.47 297 0.22 0.23 0.02-1.40 0.976
Paternal history 22 0.25 0.29 0.04-1.35 297 0.22 0.23 0.02-1.40 0.282
Female infants (r= 369
Both parents with history 1 0.20 0.20 0.20-0.20 321 0.18 0.20 0.01-0.99 0.966
Maternal history 27 0.40 0.49 0.05-2.10 321 0.18 0.20 0.01-0.99 0.001
Parental history 20 0.21 0.22 0.05-1.81 321 0.18 0.20 0.01-0.99 0.638

*Two mothers with a positive asthma history had children with fathers with an unknown history of asthma; these couples’ newborns were

excluded.
**The comparison group is defined as children with both parents having a negative history of any atopic disease.
" Range runs from 5th to 95th percentile of data.
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stenosis [22]. The Carter effect is considered to be evidencever a 6 year period, and have usually had the opportunity to
in favour of a polygenic mode of inheritance, and is collect information from both parents. We have found the
characterized by the finding that, in a condition in which data regarding parental history of atopic disease and smok-
the sex ratio differs from unity, the condition is found to be ing behavior to be remarkably consistent.
more common among the relatives of the less frequently The children in this cohort are being followed through
affected sex. Carter proposed the scenario of polygenitheir seventh birthday, at which time they are undergoing a
inheritance in which the predisposing genes are distributedlinical examination, pulmonary function testing, and skin
equally among males and females, but the number of gendests. Future analyses will allow us to assess whether both
required to produce manifestations of disease is higher iparental history of atopic disease and cord IgE level are
one sex. Thus, the condition would be less common in onassociated with the later development of asthma or other
sex, but affected individuals of that sex would have moreallergies in these children.
predisposing genes, which they would have a higher prob-
ability of transmitting to their offspring. Happle and Schny- acknowledgements
der demonstrated the Carter effect for asthma and atopic
dermatitis [23]. In the case of allergic disease, affectedSupported by Grant Al24156 from the National Institutes of
women may have inherited more genes and thus be mord€alth and by the Fund for Henry Ford Hospital.
likely than affected men to pass a sufficient number of genes The authors acknowledge the work of those who made
to their children. If cord blood IgE level can be considered athis study possible: Shirley Blocki and Geraldine Birg, study
marker for the later development of atopic disease, which i§urses, Judith McCullough, Laboratory Research Co-
more common in boys, the Carter effect could explain thedrdinator, Cathey Strauchman and Nonna Akkerman, data
finding that mother's history of clinical disease, but not co-ordinators, and Susan McGuinness, who prepared the
fathers, is associated with higher cord IgE. Another possimanuscript.
bility is that atopic mothers may transplacentally pass
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