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Maternal smoking does not influence cord
serum IgE or IgD concentrations

Dennis R. Ownby, MD,* Christine Cole Johnson, PhD,** and
Edward L. Peterson, PhD** Derroit, Mich.

Increased cord blood IgE concentrations have been related to atopic risk in children, and a
previous study reported increased cord blood IgE concentrations in smoking mothers. These
associations suggest a relationship between maternal smoking during pregnancy and atopic risk.
To evaluate this question, we prospectively studied parental smoking and cord blood IgE and
IgD concentrations in a geographically defined group of women belonging to a health
maintenance organization. Cord blood samples were obtained from 847 infants born to these
women. Cotinine concentrations were measured in 114 cord blood samples to evaluate the
veracity of the maternal smoking histories. Smoking during the prenatal period was reported by
144 mothers (17%) and 204 fathers (25%). Decreased birth weight and length were associated
with maternal smoking (p < 0.001 for both), confirming previous studies. Neither maternal nor
paternal smoking was found to be associated with IgE level in univariate or multivariate
analyses. Maternal and paternal smoking was associated with IgD (p = 0.03 and p = 0.06,
respectively) in univariate analysis. In multiple regression analysis controlling for potentially
confounding variables, the association between paternal, but not maternal, smoking and IgD

was sustained (p = 0.05 and p > 0.20, respectively). Our data do not demonstrate that
maternal or paternal smoking increases cord blood IgE. (J ALLERGY CLIN IMMUNOL

1991,88:555-60)
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Exposure to passive cigarette smoking has been
associated with an increased occurrence in children
of respiratory illness, including bronchitis, pneumo-
nia, otitis media, and wheezing,'? An Israeli study of
80 atopic wheezing babies suggested that parental
smoking leads to persistence of wheezing, although
there was no correlation between passive exposure to
smoke and an increase in IgE levels.* Other studies
have failed to demonstrate a relationship between pa-
rental smoking and childhood asthma.> Serum IgE and
IgD have been demonstrated to be higher in adult
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smokers versus that in nonsmokers,*® and animal stud-
ies indicate that exposure to tobacco smoke increases
serum IgE levels in rats.®

As cord blood IgE has been demonstrated to be
directly related to increased incidence of atopic dis-
ease in childhood,'™ ' a Swedish study investigated
the influence of parental smoking on cord blood levels
of both IgE and IgD.'"? Univariate and stratified anal-
yses indicted that maternal smoking was related to
higher IgE and IgD, especially in babies with a neg-
ative parental history of allergy. Paternal smoking did
not influence cord blood IgE, but was associated with
higher IgD among newborn infants with a negative
family history of disease. However, in a French study,
maternal smoking did not appear to influence the level
of cord serum IgE." This study examined the asso-
ciation of parental smoking during pregnancy and cord
blood IgE and IgD in a large, population-based, pro-
spective study of newborn infants.

MATERIAL AND METHODS

This investigation is part of an ongoing prospective study
evaluating environmental determinants of childhood aller-
gies. All women scheduled for a prenatal appointment at
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one of seven medical facilities in Macomb and Oakland
Counties north of Detroit, Mich., were potentially eligible
for recruitment into the study. To be eligible, subjects had
to reside within an area defined by contiguous zip codes,
have an estimated date of confinement between April 15,
1987, and August 31, 1989, and plan to deliver at one of
three hospitals. Study subjects were also required to belong
to a health maintenance organization (Health Alliance Plan)
to increase the probability of continued care and to facilitate
access to medical records.

Nurses recruited eligible subjects during midterm prenatal
visits. During these prenatal contacts, standardized ques-
tionnaires were completed concerning demographics, pa-
rental allergies, and smoking habits. Women younger than
18 years were excluded, as were subjects who anticipated
placing their baby with adoptive parents and parents who
knew they were moving out of the study area. Only one
child was enrolled per family. All facets of this research
have been approved by the Henry Ford Health System Hu-
man Rights Committee.

At the time of delivery, a cord blood sample was ob-
tained. The serum was separated as soon as possible and
stored at —20° C until assay. Total IgE levels were quan-
titated as previously described with an enzyme-linked im-
munoassay.' Briefly, this assay is a biotin-avidin amplified
ELISA with a fluorescent substrate. The antibody used in
both the capture and detecting steps was affinity-purified
antihuman IgE (Kirkegaard & Perry Laboratories, Gaith-
ersburg, Md.). When the anti-IgE was used as the detecting
antibody, it was biotin labeled.

Standard curves were constructed from appropriate di-
lutions of a patient serum that had been standardized against
the U.S. reference standard. The average net fluorescent
units produced by unknown samples were converted to units
of IgE (international units) by calculation from the com-
puter-fitted standard curve. Six internal standards were in-
cluded with each assay run. The routine sensitivity of the
assay was 0.02 IU/ml of IgE, and the average interassay
coefficient of variation was 17.6%.

IgD was assayed in an analogous ELISA, except that
antihuman IgD (Calbiochem, San Diego, Calif.) was sub-
stituted for the anti-IgE. The standard curve for the IgD
was constructed from appropriate dilutions of a commercial
standard (Calbiochem). The calibration of the commercial
standard had been confirmed in this assay by comparison
to World Health Organization standard 67/37." The results
of IgD are expressed in international units per milliliter,
consistent with the World Health Organization standard
(11U equals 1.42 pg of IgD)." Similarly, the concentration
of IgA was measured by ELISA to evaluate possible con-
tamination of the cord sera with maternal blood. Sera with
IgA values of >30 pg/ml were considered potentially con-
taminated and excluded from analyses.'s "

A previous pilot study of 200 cord bloods yielded a dis-
tribution of IgE in which the highest 25% were =0.56
IU/ml (unpublished data). This cut point was selected to
define high versus low IgE categories. Samples with initial
IgE values of >0.3 IU/ml were retested once or twice and
classified as high if two of the three results were =0.56
IU/mi.
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To assess the validity of the smoking histories obtained
from the mothers, cotinine was measured with a commercial
assay (Coti-Traq Assay, Serex, Inc., Tenafly, N.J.} in 114
of the cord blood samples. The 114 samples were a stratified
sample chosen to assure nearly equal proportions of samples
from nonsmokers, light smokers, and heavy smokers. The
cotinine assay was performed according to the manufactur-
er’s instructions, and sensitivity was 0.01 pg/ml of
cotinine.

Statistical methods

The variable for IgE was treated in two ways: first, as a
continuous variable, and second, as a binary variable, clas-
sifying samples into high and low IgE categories. The two
definitions result in analyses that address slightly different
questions. If there is a linear relationship between smoking
and cord blood IgE, the continuous variable is more appro-
priate. If, in contrast, a threshold effect is present, the binary
variable is appropriate. Both effects were considered pos-
sible, and hence, IgE was analyzed with both approaches.
There was no natural cut point for the IgD values; thus,
IgD was analyzed only as a continuous variable. Since IgE
and IgD distributions were highly positively skewed, these
variables were transformed with a natural logarithm. The
exponentiated mean value of log-transformed data is, by
definition, the geometric mean, and this value is reported
throughout.

Parents’ and babies’ demographic, delivery, and smoking
data (nonsmoker or smoker) and IgD values were compared
with standard univariate tests. The log-transformed values
of IgE and IgD were approximately normal; therefore para-
metric procedures were used. We used 0.05 throughout as
the level of significance. All p values are two-sided. Mean
values are presented plus or minus the standard deviation
of the mean.

To assess the relationship of IgD and IgE to parental
smoking status, multiple linear and logistic regression tech-
niques were used. Adjustments were made for covariates
believed to be important a priori. Various models both ad-
justing and not adjusting for the other parents’ smoking
status were examined.

It is likely that an inverse relationship exists between a
history of allergic diseases and smoking. For this reason, it
is possible that adjusting for a history of allergic diseases
might mask the effect of smoking. The regression models
were run both with and without an adjustment for parental
history of allergic disease variables. A model was also ex-
amined with only those infants with negative biparental
allergic histories.

RESULTS

The study nurses approached 1194 eligible women,
and 953 consented to participate in the study. Cord
bloods were not obtained from 106 deliveries for a
variety of reasons, including miscarriage, stillbirth,
delivery or medical complications, change of physi-
cian or hospital, or loss of a specimen. The mothers
refusing to participate and mothers for whom cord
blood samples were not obtained did not differ from
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TABLE 1. Birth weight and length of infants studied
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Smoking mothers

Nonsmoking mothers

p

N Mean SD N Mean SD Value

Birth weight* (kg) 139 3.20 0.50 668 3.52 0.52 <0.001
Birth length* (cm) 118 51.60 2.69 626 52.90 2.52 <0.001

*The numbers do not total 841 because data were missing for some infants.

the 847 women for whom cord blood was obtained at
delivery with respect to age, race, and estimated date
of confinement. Of the 847 cord blood samples, the
IgE level was =0.56 IU/ml in 147 blood samples.
Six samples with IgE =0.56 IU/ml also had ele-
vated IgA concentrations (=39 pg/ml) and were ex-
cluded because of the possibility of contamination
with maternal blood, yielding a total sample size of
841.

The demographics of the childrens’ parents revealed
that the average age of the mothers was 28 years + 4
years and that of the fathers was 31 years * 6 years.
Considering maternal race, 92% of the women were
white, 2% black, and 6% were classified as “other,”
mostly subjects of Middle Eastern and Asian Indian
descent. More than 90% of the parents had high school
degrees, with a third of the mothers and nearly half
the fathers having a college degree.

Twenty-five percent of the fathers were current
smokers and 75% were nonsmokers. Seventeen per-
cent of the mothers were current smokers and 83%
were nonsmokers. There were 417 male and 424 fe-
male births, resulting in a ratio of 1:1. The average
gestational age was 39.6 weeks (range, 36 to 43
weeks).

The cord serum cotinine measurements were com-
pared to the maternal smoking histories. In 90% of
the self-reported, nonsmoking mothers, no cotinine
was detected in the cord serum, whereas cotinine was
detectable in 78% of the cord blood samples of the
self-reported smoking mothers. The cord serum co-
tinine levels were also significantly correlated with the
number of cigarettes smoked per day (r = 0.47;
p < 0.0001).

The geometric mean cord serum IgE level in the
841 subjects was 0.21 IU/ml (range, <0.01 to 7.4
IU/ml). Approximately 95% of the cord serum IgE
values lay in the range 0.02 to 2.08 IU/mil. The use
of the cut point of 0.56 IU/ml results in classifying
141 subjects (17%) as having high IgE and 700 (83%)
subjects as having low IgE values.

The geometric mean cord serum IgD level was 0.14
IU/ml (range, <0.01 to 2.2 TU/ml) with 95% of the
observations lying between 0.03 and 0.72 IU/ml. IgD

levels were associated with IgE levels with a corre-
lation between the two of 0.18 (p < 0.001).

Maternal and paternal age and education, maternal
marital status, mean gestation, American Pediatric
Gross Assessment Record scores at 1, 5, and 10 min-
utes, birth weight and length, hospital of birth, birth
order of baby, and number of previous pregnancies
did not differ between those babies with high versus
low IgE. Considering IgE in the continuous scale (log-
transformed) also resulted in no statistically significant
associations with any of the variables listed above.

IgE was not significantly related to the child’s sex
with 17% of both male and female infants having high
IgE levels (p= 0.99). The results were the same com-
paring the geometric means, with male (0.22 IU/ml)
and female (0.20 IU/ml) infants having similar re-
sults.

A difference in IgE was found when the ethnic
distributions of babies with low versus high IgE were
compared. White babies had 16% high IgE values
compared to 32% for babies classified as black and
other (p = 0.01). This resuit held when the geometric
mean of IgE was compared for white babies, 0.20
IU/ml, to the geometric mean for babies classified as
black or other, 0.36 IU/ml (p = 0.01).

The analyses of IgD demonstrated no statistically
significant results for the variables listed previously
for IgE. As with IgE, there was no relationship be-
tween the child’s sex and IgD levels. The geometric
mean for male and for female infants was 0.14
IU/ml (p = 0.75). There was also no relationship
between IgD levels and the child’s race. Those chil-
dren classified as white had a geometric mean IgD of
0.14 IU/ml, whereas the children classified as black
or other had a geometric mean of 0.15 1U/ml
(p = 0.58).

Birth weight and length were assessed by the re-
ported smoking status (yes/no) of the mother during
pregnancy. Babies of smokers were of statistically
significant lower weight and shorter in length than
babies of nonsmoking mothers (Table I).

The frequency of high cord serum IgE concentra-
tions was not significantly related to paternal smoking,
16% in smoking and 17% in nonsmoking fathers. The
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TABLE li. Comparison of mean cord serum IgE and IgD (units per millimeter) by parent and
smoking status*®
Smoking mother (N = 144) Nonsmoking mother (N = 696)
Log Log
Geometric —_—_— Geometric _—
Variable mean Mean SD mean Mean SD p Value
IgE 0.202 —1.60 1.20 0.210 —-1.56 1.17 0.70
Igh 0.162 —-1.82 0.89 0.138 -1.98 0.89 0.03
Smoking father (N = 204) Nonsmoking father (N = 623)
IgE 0.205 —1.59 1.09 0.209 -1.57 1.20 0.85
Igh 0.155 —1.87 0.80 0.136 -1.99 0.82 0.06

*Means and standard deviations are of the log-transformed values of IgE and IgD.

same was true comparing the geometric mean cord
serum IgE concentrations between smoking fathers,
0.21 IU/ml, and nonsmoking fathers, 0.21 IU/ml
(p = 0.85) (Table II). Sixteen percent of the infants
of mothers who smoked had high cord blood IgE levels
compared to 17% for infants of nonsmoking mothers
(p = 0.77). The geometric mean cord serum IgE con-
centrations are 0.20 IU/ml and 0.21 IU/ml for smok-
ers and nonsmokers, respectively, and these values
are not statistically different with p = 0.70. Repeat-
ing these analyses with only the children of nonatopic
parents again demonstrated no significant differences
(N = 348,p = 0.78 and p = 0.99 for maternal and
paternal smoking, respectively).

Maternal smoking was significantly associated with
cord serum IgD levels. Infants of mothers who smoked
had a higher geometric mean IgD of 0.16 IU/ml,
compared to nonsmoking mothers, 0.14 IU/ml;
p = 0.03. Paternal smoking was marginally related
to IgD. Fathers that smoked had infants with higher
geometric mean IgD levels than nonsmoking fathers
(0.15 IU/ml versus 0.14 IU/ml; p = 0.06).

The following potentially confounding variables
were included in multiple regression models of pa-
rental smoking versus IgE and IgD levels: child’s sex,
birth weight, birth length, paternal history of allergies
or asthma, maternal history of allergies or asthma,
maternal visit to an allergist, history of skin testing,
or immunotherapy.

The test for significance of maternal smoking and
IgE level in the linear regression model was not sig-
nificant, adjusting for the covariates listed above and
either adjusting for or not adjusting for paternal smok-
ing (p values are 0.37 and 0.23, respectively). Sim-
ilarly, there are no statistically significant effects for
paternal smoking either adjusting for maternal smok-
ing (p = 0.85) or not adjusting for maternal smoking,

and IgE (p = 0.90). The results of the logistic regres-
sion (with the classification scheme for IgE levels)
were similar. The regression model, fit without ad-
justing for parental history of allergies, demonstrated
no significant association of IgE with either maternal
(p = 0.26) or paternal smoking (p = 0.33) adjust-
ing for one another.

Multiple regression analysis of IgD levels indicated
a statistically significant relationship with paternal
smoking. The p values for paternal smoking were 0.05
adjusting for, and 0.03 not adjusting for, maternal
smoking. Considering only parents without any his-
tory of allergies, the association between IgD and
paternal smoking was marginally significant with
p = 0.07 (adjusting for maternal smoking). No sim-
ilar relationship was found relating maternal smoking
to cord serum IgD levels, with p values >0.20 level
for all comparisons.

DISCUSSION

In 1986, Magnusson'? reported from Sweden that
maternal smoking was associated with increased cord
blood concentrations of IgE and IgD. More impor-
tantly, infants born with elevated cord blood IgE were
at increased risk of developing allergic disease. These
findings were based on 186 cord blood samples and
a retrospective survey collecting information on
smoking. Magnusson’s findings suggest that smoking
cessation during pregnancy would result in a reduced
prevalence of childhood allergic disease. Other in-
vestigators have failed to find an association between
cord blood IgE and maternal smoking."

In this present study, we did not find a significant
association between maternal smoking and cord blood
IgE concentration or IgD when we were controlling
for other variables. Our prospectively studied popu-
lation consists of 841 subjects, representative of mid-
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dle-class women from suburban Detroit. We do not
believe that we are missing a significant association,
since we have used both univariate and multivariate
statistical strategies in this large population. We also
repeated the analysis with only infants of nonatopic
parents, as described by Magnusson,'? and again
found no evidence for elevated cord blood IgE from
maternal smoking. In the multivariate analysis, we
considered the same variables that Magnusson re-
ported to influence the effect of smoking on IgE and
IgD: maternal and paternal histories of allergy, pa-
rental smoking, and the child’s sex. We also evaluated
the possible influence of birth length and weight, since
these were reduced in infants of smoking mothers. A
major strength of our study is that the sample size was
sufficient to support multivariate analysis of the
data.

We do not believe that the different results are be-
cause of different analytical methods for measuring
the immunoglobulin concentrations for several rea-
sons. The geometric mean IgE and IgD values are
similar in both studies. Both IgE assays were evaluated
in a blinded study designed to test the ability of assays
to measure the small quantities of IgE present in cell
cultures (assay numbers 15 and 19 in the reference).'®
The observed sensitivity of our ELISA was slightly
greater than that of the particle counting immunoassay
used by Magnusson, 0.05 versus 0.10 ng/ml, and the
accuracy of the assays, when duplicate samples were
measured containing 0.5 ng/ml of IgE was similar,
0.19 and 0.49 ng/ml for the ELISA compared to 0.23
and 0.22 ng/ml for the particle counting immuno-
assay.

A critical issue is the accuracy of the smoking his-
tories. In the present study, the smoking histories were
obtained prospectively, and the histories were vali-
dated in a subset of 114 cord blood samples by use
of a cotinine assay. The presence or absence of de-
tectable cotinine was highly associated with the moth-
ers’ self-reported smoking behavior. The discrepan-
cies between cotinine measurements and smoking his-
tories were mostly the lack of detectable cotinine in
21 of 94 smoking mothers. This may be due to in-
sufficient assay sensitivity or an absence of smoking
before or during labor. The magnitude of the corre-
lation between the serum cotinine levels and the num-
ber of cigarettes reportedly smoked is similar to that
found by other investigators.'® As in Magnusson’s
study, we detected a highly significant association be-
tween smoking and a lower birth weight, and in ad-
dition, we found decreased birth length. The cotinine
results and the differences in birth weights and lengths
support the accuracy of the self-reported smoking be-
havior.
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We also observed significantly higher cord blood
IgE concentrations in nonwhite compared to white
infants. In one limited study, no racial differences
were detected in cord blood IgE concentrations,”
whereas other studies are consistent with our obser-
vation of higher cord blood IgE concentrations in non-
white infants.?'- ** This finding suggests that if cord
blood IgE levels are to be used to predict the risk of
allergy, racial differences will need to be considered.

In agreement with Magnusson’s study, we found a
weak but consistent association between paternal
smoking and cord blood IgD concentration; however,
we could not find a plausible explanation for this ob-
servation. This observation in two studies is intriguing
and perhaps results from a relationship between pa-
ternal smoking and another variable related to cord
blood IgD.

This lack of association between maternal smoking
and cord blood IgE is in agreement with our previous
study demonstrating no association between parental
smoking and allergen-specific IgE concentrations in
older children.? It is also in agreement with other
prospective studies that failed to find an association
between maternal smoking and allergic disease.’

We plan to follow this cohort of children until they
are 4 years of age to learn if there is an association
between parental smoking and the onset of allergic
sensitization and respiratory disease.

We acknowledge the invaluable assistance with this study
provided by Gerri Birg, LPN, Shirley Blocki, RN, Judith
McCullough, Cathey Strauchman, BA, and the professional
staff of the Henry Ford Hospital, Department of Obstetrics
and Gynecology.
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