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ABSTRACT

Previous reports have implicated maternal ethanol ingestion as a cause of immunoglobulin
abnormalities in children. We investigated the relationship between self-reported alcohol in-
gestion in 98 women during pregnancy and serum cord Immunoglobulin E (IgE). We found
that mean cord IgE concentrations were significantly lower among newborns born to drink-
ing mothers (0.15 IU/ml) than nondrinking mothers (0.27 IU/ml), p < 0.05. The difference
of serum cord IgE means remained significant among infants with a positive family history
of allergic disease, 0.15 IU/ml for infants of drinking mothers and 0.40 IU/ml of nondrink-
ing mothers. There was a significant trend for lower mean cord IgE with increasing ethanol
ingestion (p < 0.05). Maternal alcohol drinking should be considered a potential influence
on cord blood IgE concentrations at birth.

INTRODUCTION

Many studies have reported adverse effects of maternal alcohol consumption on fetal growth and
immunological development in animals.(1_3) However, few studies have explored the relationship be-

tween prenatal alcohol consumption and immune parameters in humans. Animal models have demonstrated
that ethanol ingestion throughout fetal development critically impairs thymus development. A reduction in
circulating lymphoid cells and a depletion of lymphocytes from the thymus and spleen have been shown
in both animal and human studies/1_5) The impact of these changes on host defenses has not yet been es-

tablished.
Immunologie abnormalities have been reported in children with fetal alcohol syndrome (FAS). Johnson

et al. reported decreased concentrations of IgG, IgA, or IgM in children with FAS.(4) Ammann et al. re-
ported four infants with DiGeorge syndrome associated with maternal alcoholism.*5' To our knowledge,
only one study investigated the association between maternal intake of alcohol during pregnancy and serum
cord immunoglobulin E (IgE) concentrations.'6' A Denmark study found that maternal ethanol consump-
tion during pregnancy was significantly associated with elevated IgE concentrations. A significant dose-re-
lated increase in the odds ratio was also demonstrated after controlling for the infants' sex, birth weight and
length, month of birth, atopic family history, and the mothers' smoking habits during pregnancy. To fur-

'Department of Emergency Medicine and 2Allergy Research Laboratory, Henry Ford Hospital, and 3Division of
Biostatistics and Research Epidemiology, Henry Ford Health Sciences Center, Detroit, Michigan 48202.

193



GRZYBOWSKI ET AL.

ther examine this potential association, we examined the relationship between ethanol ingestion during preg-
nancy and serum cord IgE concentrations in a prospective population-based study.

MATERIALS AND METHODS

The current study population is derived from an ongoing prospective investigation following a cohort of
children from birth to assess the relationship between environmental allergen exposure and childhood al-
lergies and asthma. The details of recruitment for the Childhood Allergy Study have been previously de-
scribed.(7) In brief, pregnant women residing within a suburban Detroit area defined by contiguous zip codes,
whose expected dates of confinement were between April 15, 1987 and August 31, 1989, were recruited.
Eligible women were also required to be at least 18 years of age and be members of a large health main-
tenance program (Health Alliance Plan). This research was approved by the Henry Ford Hospital Human
Rights Committee.
Trained nurse interviewers contacted the women during midterm prenatal visits. One child per family

was enrolled. Standardized questionnaires were completed regarding demographics, current smoking habits,
and physician-diagnosed parental history of asthma, seasonal rhinitis, and allergies. Selected demographic
characteristics included maternal age, race, and educational status. To obtain pilot data for another study,
we added questions about alcohol consumption to the questionnaire on March 23, 1989. Therefore, alcohol
consumption data were obtained from women with expected dates of delivery during the last 5 months of
the 28 1/2-month enrollment period. Each woman was asked, "During this pregnancy, how often do you
drink beer, wine or liquor?" Responses were classified as "about everyday," "3-5 times a week," "about
once a week," "less than once a week," "less than once a month," or "never."
Infant delivery data, including date of birth, gender, and birth weight and length, were abstracted from

medical records. At the time of delivery, serum cord specimens were collected, separated, and stored at
-20°C until assayed. Total IgE and IgA levels in the cord sera were quantitated as described previously
using an enzyme-linked immunoassay.(7) Six serum samples with IgA levels above 30 ¿ig/ml were excluded
because of probable contamination by maternal blood.(7_9) The routine sensitivity of the assay was 0.02
IU/ml of IgE and the average interassay coefficient of variation was 17.6%.(7)

Statistical methods
For statistical analyses, the following variables were dichotomized: race (white/nonwhite), education (high

school education or less/post high school education), and smoking status (yes/no). Parental allergic disease
was defined as physician-diagnosed asthma, hay fever, or atopic dermatitis. The baby was classified as hav-
ing a positive family allergy history if either parent reported having any form of allergic disease. Alcohol
consumption was examined dichotomously (no ethanol consumption/any ethanol consumption) and by level
of consumption (no ethanol ingestion/less than one drink per month/more than one drink per month).

Serum cord IgE levels were positively skewed; therefore, the IgE values were transformed via natural
logarithm, and the geometric mean is reported throughout. Maternal demographic variables, infant delivery
data, and IgE values were compared between drinkers and nondrinkers with chi-square and two-sided
Student's t tests. Fishers exact test and Welch's t test were used when indicated by the data. Least-squares
regression was used to evaluate the trend in mean cord blood IgE values with ethanol ingestion.

RESULTS

Of 1,194 eligible women contacted for the study during the entire recruitment period, 953 (80%) con-
sented to participate. Cord sera were obtained from infants of 740 (88%) of the 841 women enrolled dur-
ing the first 23 1/2 months and from 101 (90%) of the 112 enrolled during the last five months.
Of the 101 women who were interviewed during the last 5 months of the enrollment period and for whom

valid cord sera were available for the newborns, one woman refused to answer the question assessing al-
cohol consumption, and two women were inadvertently administered a questionnaire without the alcohol
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Table 1. Newborn Characteristics by Gender
(Mean and Standard Deviation N = 98)

Males Females
(N = 48) (N = 50)

Weight (kg)a 3.7 ± 0.6 3.5 ± 0.5
Length (cm)b 52.9 ± 2.9 52.0 ± 2.6
LogIgEc -1.3 ±1.5 -1.7 ±2.6
IgE mean (IU/ml)d 0.27 0.19

3p £ 0.05 comparing males to females.
bDifferences are not significant between males and females

(p>0.13).
The mean and standard deviations are the log-transformed

values of IgE.
dGeometric mean; p = 0.20 comparing males to females.

questions, yielding a sample size of 98. The 98 women averaged 1 year older (1.3 years, p ^ 0.01) than
the 740 women interviewed during earlier enrollment, but they did not differ significantly in terms of race
(p = 0.35), education (p = 0.07), smoking status (p = 0.26), and allergic disease history (p = 0.91).
The newborns' mean IgE concentration in the serum cord was 0.23 IU/ml (range, S 0.01 to 2.30 IU/ml).

Forty-nine percent of the infants were males. Male infants weighed significantly more than the females (p <
0.05), but differences in length and IgE concentrations between males and females were not significant
(Table 1).
The mean age of the mothers in the present study was 30 ± 4.3 years and for the fathers, 32 ± 4.9 years.

The mothers were 90% white, 70% had a post-high school education, 13% smoked, and 24% had a history
of allergic disease. Paternal prevalence of allergic disease was 21%. None of the mothers reported drink-
ing daily, 2.0% drank 2-5 times a week, 3.1% drank about once a week, 5.1% drank less than once a week,
22.5% drank less than once a month, and 67.3% stated they never drank during their pregnancy. Mean
serum cord IgE levels were higher among newborns with positive parental allergy histories (0.30 IU/ml)
than those infants without allergy histories (0.17 IU/ml), p ^ 0.05 (Table 2).
Mothers who drank any alcohol during their pregnancy were older by almost 3 years than those who did

not drink (32 versus 29 years, p s 0.01). Fewer drinkers had histories of atopic disease (9.4 versus 30.3%,
p < 0.05). Drinking did not vary significantly by race, level of education, or current smoking status. Infant
birth weight and length did not differ by maternal drinking status. However, infants of mothers who con-
sumed ethanol during pregnancy had significantly lower cord IgE levels (0.15 IU/ml) than infants of moth-
ers who did not consume ethanol at all (0.27 RJ/ml), p £ 0.01 (Table 3).
Among the 44 babies with a family history of allergic disease, the mean serum cord IgE was significantly

lower among newborns born to mothers who drank during their pregnancy (0.15 IU/ml) than those born to
nondrinking mothers (0.40 IU/ml) (p < 0.05). For the 54 babies without a family history of allergic disease,

Table 2. Comparison of Mean Cord IgE by Parental History of
Allergy

Allery history Log IgE3 IgE (lU/mlf
status (mean ± SD) (geometric mean)

Positive history (N = 44) -1.2 ± 1.5 0.30
Negative history (N =54) -1.8 ± 1.3 0.17

"The mean and standard deviations are the log-transformed values of IgE.
bp £ 0.05 for differences in log IgE between infants with positive and nega-

tive histories of parental allergies.
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Table 3. Comparison of Mean Weight, Length,
and Cord Serum IgE by Drinking Status

Drinkers
(N = 32)

Nondrinkers
(N = 66)

Weight (kg)a
Length (cm)a
Log IgEb
IgE (IU/ml)c

3.6 ± 0.6
52.8 ± 2.6
-1.9 ± 1.0

0.15

3.6 ± 0.6
52.3 ± 2.9
-1.3 ± 1.5

0.27

"Differences are not significant between drinkers and
nondrinkers (p a 0.34).
•The mean and standard deviations are the log-trans-

formed values of IgE.
cp :£ 0.05 for differences in geometric mean IgE con-

centrations between drinkers and nondrinkers.

the relationship of means was in the same direction, 0.14 IU/ml for children of drinking mothers versus 0.19
IU/ml for children of nonthinking mothers, but this difference was not statistically significant.

Least-squares regression revealed an overall significant trend for lower mean cord IgE with increasing ethanol
ingestion (Table 4). We also tested for trend stratifying by history of allergy. The trend was marginally signif-
icant among infants with a positive family history of allergy (p = 0.052). Those infants with a negative family
history of atopic disease had decreasing mean serum cord IgE values, but the test was not significant.

DISCUSSION

In 1994, Bjerke and co-authors reported from Denmark that maternal ethanol ingestion during pregnancy
was associated with increased serum cord concentrations of IgE after controlling for potential confounders.(6)
These findings were based on predelivery questionnaires collecting information on ethanol ingestion and
serum cord samples among a prospective cohort of 2,631 infants. Their finding suggests that ethanol is one

factor that may influence fetal IgE synthesis and subsequent development of allergic diseases.
In this present study, we found a significant trend for lower mean cord IgE with increasing ethanol in-

gestion, contrary to Bjerke's findings.® This trend suggests a biological effect. The seemingly more dra-
matic pattern in infants with a positive family history of allergies may reflect the greater range of IgE val-
ues within this group or a greater effect of ethanol on the developing infant predisposed toward higher IgE

Table 4. Trends in Mean Serum Cord IgE with Increasing Ethanol Ingestion

Ethanol consumption

Total population
(N = 98)

Geometric
mean

N IgE? 95% CI

Positive parental allergy
history
(N = 44)

Geometric
mean

N IgE" 95% CI

Negative parental allergy
history
(N = 54)

Geometric
mean

N IgE 95% CI

Denied any ethanol ingestion 66 0.27 0.19, 0.40
Less than 1 drink per month 22 0.16 0.11,0.25
More than 1 drink per month 10 0.11 0.06,0.22

33 0.40
0.19
0.09

0.23, 0.70
0.12, 0.30
0.03, 0.26

33
14
7

0.19
0.15
0.12

0.12, 0.30
0.08, 0.29
0.05, 0.29

"Least-squares regression trend for lower mean cord IgE with increasing ethanol ingestion for the total population (p
0.05) and among babies with a family history of allergic disease (p = 0.052).
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concentration. However, genetic predisposition/10-12' independent of alcohol consumption, may also in-
fluence umbilical serum cord IgE concentrations and atopic risk of infants/10-13-14' Studies have shown that
a child's risk of becoming allergic increases if both parents are allergic and increases further if both par-
ents have the same form of allergic disease/6'8' Therefore, it is possible that the high serum cord IgE con-

centrations of infants with positive parental histories of atopy may relate to the degree of IgE producing
potential of the infant.

Several reports suggest that alcohol may affect the developing human fetal immune system/1-5' Ammann
et al. reported four infants with DiGeorge syndrome born to mothers who were described as chronic alco-
holics/5' Ammann et al. also noted the clinical similarities between FAS and DiGeorge syndrome in terms
of facial changes, cardiac, renal, and CNS malformations, and immune defects/5' Johnson et al. reported
abnormally low levels of serum IgG, IgA, or IgM in 9 of 13 infants with FAS/4' Serum IgE levels were

not evaluated/4' Children with FAS are also at increased risk of infection/4,5'
Even though alcohol consumption was only assessed during the final 5 months of the study, there is no

evidence that the 98 women meeting study criteria in the final 5 months differed significantly from the 740
previously enrolled women except that they were 1 year older. There was no significant correlation in the
entire larger study population (n = 838) between maternal age and serum cord IgE level (data not shown).
An obvious difference between the study group and the entire Childhood Allergy Study cohort is that the

data for the former group were collected during a limited time period rather than over 29 months and all
seasons. The mean IgE concentration of the current study sample was not significantly different from that
of the 740 babies from earlier enrollment (data not shown); however, the mean cord IgE concentration was

higher in all babies, including the study babies, born in the spring and summer compared to the fall and
winter babies (0.25 versus 0.18 IU/ml, p ^ 0.001). While the development of hypersensitivity to specific
allergens or diagnosis of asthma has been related to season of birth in some studies/10-15' serum cord IgE
was not associated with season of birth in a Swedish study/16' Since no maternal alcohol exposure data
were collected on the previously enrolled infants to assess the association between maternal alcohol con-
sumption and seasonality, we cannot exclude the possibility that the observed depression of cord IgE with
maternal alcohol intake is conditional on time of year.
A strength of this study is that it is prospective and population-based. However, alcohol consumption

was self-reported. A critical issue is the accuracy of the ethanol ingestion history. Pregnant women may
under report alcohol consumption/17-18' and there is no convenient, biologic marker to independently ver-

ify reported consumption. Previous case reports showing decreased immunoglobulin concentrations in chil-
dren with FAS probably involved higher levels of in utero alcohol exposure since none of the children in
this study had evidence of FAS. However, one would presume that the women are generally classified cor-

rectly relative to each other. Further, it is reasonable to assume that the classification error in drinking fre-
quency is not systematically associated with serum cord IgE level.

Another limiting factor is the sample size in the current study, which may contribute to the discrepancy
in study results concerning the association of ethanol and serum cord IgE concentrations. However, as in
Bjerke's study/6' males infants had higher IgE concentrations than female infants, although we found no

statistically significant difference. Compared to Bjerke's study, the proportion of biparental atopic disease
is significantly higher (p < 0.001). This disparity may reflect a difference in the atopic diseases used to de-
fine parental atopic history.

We have found an association between maternal drinking and decreased mean cord serum IgE concen-

trations. Biologic mechanisms regarding the alcohol-induced decrease in serum cord IgE concentrations are

unknown. This finding is consistent only with previous reports of decreased immunoglobulins in children
with FAS. We do not know whether maternal drinking will affect the risk of allergic disease in children.
These observations deserve further study.
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