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ABSTRACT

Asthma and allergic diseases have increased worldwide; however, etilogic factors for this increase are still poor. Prenatal
consumptions of fatty acids are hypothesized, although few clinical trials in developing countries have been performed. This
study was designed to identify predictors of immunoglobulin E (IgE) levels in cord blood of Mexican newborns. Total IgE was
measured in umbilical cord blood from 613 infants whose mothers participated in a double-blind randomized controlled trial
of 400 mg of docosahexaenoic acid or placebo from 18 to 22 weeks gestation through delivery. During pregnancy, information
on sociodemographic characteristics, environmental exposures, and perceived maternal stress were obtained; a maternal blood
sample was also collected to determine atopy via specific IgE levels. Logistic regression models were used to identify the main
prenatal predictors of detectable total IgE levels in cord blood. IgE was detectable in cord blood from 344 (53.7%) infants; the
main predictors in multivariate analyses were maternal atopy (odds ratio [OR] = 1.69; 95% CI, 1.19-2.42; p < 0.05) and
pesticide use in the home (OR = 1.49; 95% CI, 1.04-2.14; p < 0.05). When stratified by maternal atopy, season of birth was
a significant predictor in the atopic group only (OR = 2.48; 95% CI, 1.00-6.16; p < 0.05), and pesticide use was a significant
predictor for infants born to nonatopic mothers (OR = 1.64; 95% CI, 1.07-2.51; p < 0.05). No differences were seen in the
proportion of infants with detectable IgE by treatment group. Prenatal supplementation with omega-3 polyunsaturated fatty
acid did not alter the detectable cord blood IgE levels. Maternal atopy and pesticide use during pregnancy are strong predictors

of cord blood IQE levels in newborns. Clinical trial NCT00646360, www.clinicaltrials.gov.
(Allergy Asthma Proc 34:e27-e34, 2013; doi: 10.2500/aap.2013.34.3688)

Asthma and allergic diseases have been increasing
in modern industrialized societies." The World
Allergy Organization reports that over the past 30
years, the prevalence of allergic diseases has increased
significantly; 400 million people worldwide have aller-
gic rhinitis and 300 million have asthma,®> with esti-
mated economic costs exceeding those of tuberculosis
and acquired human immunodeficiency virus/immu-
nodeficiency syndrome together.” The prevalence of
allergic rhinitis in Latin American is 7% in adults* and
in Mexico, asthma was among the top 20 causes of
illness in 2006 and in Morelos State it holds the 15th
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place, with an incidence rate in the general population
of 295.77 per 100,000 inhabitants.”

Allergic diseases result from an interaction between
a genetic predisposition and environmental factors to
produce high levels of IgE, which can activate the
immune system.' Maternal (history of atopy), environ-
mental (passive smoke exposure and season of birth),
and lifestyle (alcohol and caffeine consumption, to-
bacco use) factors have all been associated with in-
creased cord blood IgE levels."® Although measure-
ment of total IgE in cord blood and its predictive value
as a risk factor for atopy and/or asthma has been
evaluated, results are discordant and remain difficult
to compare because of different cutoff values used and
differing definitions of atopy.”' In addition, not all
asthma is associated with atopy, especially in develop-
ing countries."' The predictors of cord blood IgE may
differ by maternal atopic status.

Maternal consumption of omega-3 polyunsaturated
fatty acid (n-3 PUFA) has been promoted as modifying
neonatal immune responses.'> However, the biological
mechanisms involved are not clearly understood. The
present study made use of a randomized clinical trials
in which mothers took n-3 PUFA or placebo during
pregnancy to identify the main prenatal predictors of
total IgE levels in cord blood of newborns and to
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determine whether these were influenced by n-3 PUFA
supplementation.

MATERIALS AND METHODS

Study Design and Study Population

The study included a subset of mother—child who
participated in the large randomized clinical trial
(NCT00646360 “Effect of Prenatal Supplementation
with Omega 3 Fatty Acids in the Infant’s Neurobehav-
ioral Development”). The methods of the clinical trial
have been previously reported.”>'* For the present
report 613 pairs of mother—child with complete infor-
mation and cord blood IgE determination available
were included in the analysis (Fig. 1). The study pro-
tocol was approved by Emory University’s Human
Investigations Board, the Ethic Committee of Instituto
Nacional de Salud Publica, and the Instituto Mexicano
del Seguro Social General Hospital’s Human Subjects
Boards. All procedures were explained to the partici-
pants, who signed an informed consent form.

Data Collection

During the prenatal period a general questionnaire
was used to collect data on sociodemographic charac-
teristics, health history, maternal stress, environmental
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exposures, and obstetric history and, as mentioned
previously, the details have been described previ-
ously.’*!* Also, we collected blood samples to deter-
mine maternal-specific IgE levels in plasma and con-
ducted anthropometric measures during pregnancy.
During home visits an environmental exposure and
stress questionnaire was administered. The stress ques-
tionnaire is validated and is designed to measure the
degree to which situations in one’s life are appraised as
stressful, through the evaluation of 14 items.'* At de-
livery an umbilical cord blood sample was taken by
highly trained study personnel to determine total IgE
levels in newborns, using a standardized procedure to
minimize potential contamination by maternal blood;
also, we obtained determinations of total IgE levels in
a subsample of maternal blood at delivery to evaluate
the no concordance with the results of infants (data not
shown).

Biomarkers

Maternal-specific IgE levels to 10 common allergens
(milk, cat, egg, dust mite, wheat, Alternaria, grasses
(Bermuda grass and Timothy grass), and pollen
(mountain cedar and ragweed) were determined using
the CAP technique (Pharmacia Diagnostic, Uppsala,
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Sweden). CAP IgE-specific levels were defined as
follows: 0, <0.35 IU/mL, negative; 1, 0.35-0.69, very
low; 2, 0.70-3.49, moderate; 3, 3.50-17.49, moderate
to high; 4, 17.50-49.99, high; 5, 50-100, very high.
Maternal atopy was defined as a CAP class of =1 for
one or more of the allergens tested.'” Measurements
of total IgE levels in cord blood samples were deter-
mined with the CAP system (Pharmacia Diagnostic),
with a detection limit of 0.1 IU/mL, and for this
study, we handle the total IgE levels in cord blood as
a dichotomous variable, considering cutoff detection
levels used. Some authors have noted that the range
of values of total IgE level between 0.67 and 1.31
IU/mL have been shown to be predictors of atopy
during childhood, especially in infants from atopic
families'®!'”; however, we realized determinations in
newborns, where the concentrations may be very
low and can not be detected when considering cutoff
point for childhood.

Statistical Analysis

First, a descriptive analysis of the data was con-
ducted. We compared baseline characteristics for study
population according to intervention and placebo
groups. For our intention-to-treat analysis we included
all children randomly assigned to our study groups.
We then ran bivariate logistic regression models to
explore the association between detectable cord blood
total IgE (binary variable) and the main covariates
including maternal age, body mass index, type of de-
livery, overweight, stress level during pregnancy, ma-
ternal and parental smoking, passive smoke exposure
during the pregnancy, pesticide use at home, season of
birth, and maternal atopy. We used multivariate lo-
gistic regression models to identify the main prena-
tal determinants of detectable levels of total IgE in
cord blood considering the variables that were bio-
logically plausible and statistically significant in the
bivariate analysis. We also tested for interactions
between selected variables and for pesticide use and
mother atopy and pesticide use and treatment group
in the multivariate analysis. The final multivariate
model was obtained considering significance level of
0.05 and the biological plausibility and was stratified
by maternal atopy. All analyses were conducted us-
ing Stata software Version 9.2 (Stata Corp., College,
Station, TX).

RESULTS

Data from 613 mother—child pairs are included in
this study. The sociodemographic characteristics of the
study population and the comparability with those not
included are presented in Table 1. There were no sig-
nificant differences between participants and nonpar-
ticipants and between treatment groups (Tables 1 and 2).
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The mean maternal age at time of randomization was
26 years; 196 (32%) were atopic and 225 (36.7%) were
primigravidas. Three hundred twenty-nine (53.7%) of
the infants were boys, 309 (50.4%) were born by Cesar-
ean section, with the highest percentage of births oc-
curring in winter (29.5%) followed by summer (24.3%),
autumn (23.52%), and spring (22.7%; Table 1).

Total IgE was detectable in cord blood of 344 (56.1%)
infants of the samples (Table 1). Table 3 shows the
results of bivariate and multivariate analyses on pre-
dictors of detectable cord blood total IgE levels. In the
bivariate analyses, significant associations were ob-
served between detectable cord blood IgE levels and
pesticide use or sprayed pesticide at home during
pregnancy (odds ratio [OR] = 1.44; 95% CI, 1.03, 2.03),
maternal atopy (OR = 1.75; 95% CI, 1.23, 2.49), and
season of birth (OR = 1.64; 95% CI, 1.03, 262 for spring
compared with summer). Neither treatment group nor
socioeconomic levels were predictors of detectable
cord blood IgE (Table 2). In multivariate analyses
(Table 3) only maternal atopy (OR = 1.69; 95% CI,
1.19-2.42) and pesticide use (OR = 1.49; 95% CI, 1.04—
2.14) remained significant predictors of cord blood to-
tal IgE levels.

Results of analyses stratified by maternal atopy are
shown in Table 4. In the multivariate analysis, we
observed significant associations between detectable
cord blood IgE and birth in spring (OR = 2.48; 95% CI
1.00, 6.16) in children from atopic mothers and pesti-
cide use or spayed at home (OR = 1.64; 95% CI 1.07,
2.51) in children from nonatopic mothers (Table 4).

DISCUSSION

Detectable levels of total IgE were found in 56% of
Mexican infants. The most important prenatal deter-
minants were maternal atopy and pesticide use in
the home during pregnancy. The effect of pesticides
was restricted to infants born to nonatopic mothers.
Prenatal supplementation with n-3PUFA did not al-
ter the likelihood of detectable cord blood total IgE
and did not modify the prenatal predictors of detect-
able IgE.

Many studies have reported an association between
family history of atopy®”'>'®**° and maternal IgE
levels'®** with total IgE levels in cord blood, suggest-
ing that familial factors are important in stimulating
the developing fetal immune system to produce IgE.**>**
The season of birth seems to influence the risk of
developing allergic sensitization and atopic diseases;
however, the results of studies linking IgE levels in
cord blood and month of birth have produced incon-
sistent results.”” We found a positive influence on IgE
detectable levels in infants born in spring (March to
June in Mexico), which is consistent with findings by
Kimpen and collaborators (Ecuador) who observed a
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Table 1 Baseline characteristics of the total study population (n = 1041)

Variables Included* Nonincluded# p Value
n = 613 n = 428
Treatment group
DHA 303 176 0.217
Placebo 310 183
Mother’s age (yr; mean ([range])§ 26.0 (22.7,29.5) 26.1 (22.6, 30.5) 0.419
Mother’s BMI (mean [range])§ 25.5(23.0, 28.5) 25.7 (23.2,28.1) 0.998
Overweight mother (BMI > 25 [n %]){ 0.659
No 272 (44.4) 184 (43.0)
Yes 341 (55.6) 244 (57.0)
Socioeconomic level (1 %) 0.260
Low 198 (32.3) 134 (31.4)
Medium 211 (34.4) 131 (30.7)
High 204 (33.3) 162 (37.9)
Atopic mother by specific IgE (IU/mL; n %)q 0.482
Nonatopic (<0.35) 417 (68.0) 237 (65.8)
Atopic (0.35) 196 (32.0) 123 (34.2)
Child’s gender 0.417
Female (n %)q 284 (46.3) 176 (49.0)
Male 329 (53.7) 183 (51.0)
Birth weight, (kg; mean [range])§ 3.20 (2.98, 3.50) 3.15 (2.94, 3.45) 0.326
Detectable total IgE in cord blood (1 %) 0.621
Nondetectable(<0.1 IU/mL) 269 (43.9) 51 (41.5)
Detectable((0.1 IU/mL) 344 (56.1) 72 (58.5)
Season of birth (n %)q 0.214
Summer 149 (24.3) 77 (21.4)
Autumn 144 (23.5) 78 (21.7)
Winter 181 (29.5) 102 (28.3)
Spring 139 (22.7) 103 (28.6)
Birth order (1 %){ 0.324
First baby 225 (36.7) 170 (39.7)
>1 388 (63.3) 258 (60.3)
Type of delivery (1 %) 0.473
Vaginal 304 (49.6) 169 (47.2)
Cesarean 309 (50.4) 189 (52.8)
Pesticides use or sprayed at home (1 %){ 0.167
No 198 (32.3) 61 (25.9)
Yes 415 (67.7) 175 (74.2)
Someone smokes in home (1 %)q 0.498
No 361 (58.9) 145 (61.4)
Yes 252 (41.1) 91 (38.6)

*n = 613 were included in the present study.

#n nonincluded varies from 123 to 428 within the studied variables for missing values.

§Mann-Whitney test.

Tx°-test.
BMI = body mass index; DHA = docosahexaenoic acid.

seasonal trend in the concentration of IgE levels in cord
blood, with a peak near the end of April.*”

Previous studies have reported associations between
exposure to environmental contaminants and compo-
nents of the asthma/atopic phenotype. Reichrtova et al.?®
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reported an association between exposure to organo-
chlorine compounds, including pesticides, and ele-
vated levels of cord blood IgE in industrialized regions
of Slovakia. In addition, Hoppin et al. reported that
organophosphates can induce airway hyperreactivity,
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Table 2 Baseline characteristics of the study population by treatment group (n = 613)

Variables DHA n = 303 Placebo n = 4310 p Value
Mother’s age (yr; mean ([range])* 26.3 (22.7,29.5) 26.4 (22.6, 30.5) 0.774
Mother’s BMI (mean [range])* 26.2 (23.0, 28.5) 25.8 (23.2,28.1) 0.272
Overweight mother (BMI > 25 [n %])# 0.524
No 132 (43.4) 141 (45.5)
Yes 171 (56.6) 169 (54.5)
Socioeconomic level (1 %)# 0.232
Low 99 (32.6) 100 (32.3)
Medium 111 (36.5) 100 (32.3)
High 93 (30.9) 110 (35.4)
Atopic mother by specific IgE (IU/mL; n %)# 0.178
Nonatopic (<0.35) 212 (69.7) 207 (66.8)
Atopic (0.35) 91 (30.3) 103 (33.2)
Child’s gender 0.117
Female (n %)# 131 (43.5) 151 (48.9)
Male 172 (56.5) 159 (51.1)
Birth weight (kg; mean [range])# 3.20 (2.98, 3.50) 3.22(2.94, 3.45) 0.291
Detectable total IgE in cord blood (1 %)# 0.234
Nondetectable(<0.1 IU/mL) 142 (46.8) 127 (41.0)
Detectable((0.1 IU/mL) 161 (53.2) 183 (59.0)
Season of birth (n %)# 0.468
Summer 76 (25.3) 74 (23.9)
Autumn 73 (23.9) 72 (23.3)
Winter 92 (30.59) 85 (27.5)
Spring 62 (20.3) 79 (25.3)
Birth order (1 %)# 0.396
First baby 106 (34.8) 120 (38.7)
=1 197 (65.3) 190 (61.3)
Type of delivery (1 %) 0.148
Vaginal 159 (52.7) 145 (47.1)
Cesarean 144 (47.3) 165 (52.9)
*Mann-Whitney test.
#)’-test.

BMI = body mass index; DHA = docosahexaenoic acid.

potentially at doses below those causing acetylcholin-
esterase inhibition and that certain metabolites of pes-
ticides modulated endotoxin-induced macrophage ac-
tivation through inhibition of nuclear factor kB
activation.”” The primary metabolites of some pesti-
cides have also been reported to enhance the endotox-
in-induced interferon vy response in human blood cell
cultures, suggesting that the pesticides, in combination
with endotoxin, may lead to an increased type 1 im-
mune response.” Singh and Jiang®' have observed an
increase in levels of proinflammatory cytokines, in-
cluding tumor necrosis factor «, interferon v, and in-
ducible nitric oxide synthase in rats treated with or-
ganophosphate insecticide. In the present study we
found a positive association between use of pesticides
during pregnancy and detectable levels of total IgE
that was restricted to infants born to nonatopic moth-
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ers. We did not have information on the type of pesti-
cide used; however, our results are consistent with the
reported association of household chemicals with
wheeze in early life that was restricted to nonatopic
children.

There is a precedent for the effects of chemical expo-
sure during pregnancy being restricted to nonatopic
subjects. The Avon Longitudinal Study of Parents and
Children tested a composite index of household chem-
ical use during pregnancy, including cleaning prod-
ucts, personal care products, and pesticides. Children
born to mothers who used more chemicals during
pregnancy had more wheezing during early childhood
and lower lung function at the age of 7 years.’” This
association was only seen in nonatopic children. Fur-
ther research will be required to understand how these
results ties in with our data showing an increase in
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Table 3 Main prenatal predictors of total IgE detectable levels* (n = 613) in cord blood

Variables n Bivariate OR (95% CI) Multivariate OR (95% CI)

Treatment group

Placebo 310 1.00 1.00

DHA 303 0.79 (0.57, 1.08) 0.80 (0.58, 1.11)
Mother’s atopy by specific IgE

Nonatopic 417 1.00 1.00

Atopic 196 1.75(1.23, 2.49)# 1.69 (1.19, 2.42)#
Child’s gender

Female 284 1.00 1.00

Male 329 1.22 (0.88, 1.68) 1.28 (0.92,1.78)
Birth order

First baby 225 1.00 1.00

=1 388 0.92 (0.66, 1.29) 0.98 (0.70, 1.38)
Season of birth

Spring 139 1.64 (1.03, 2.62)# 1.60 (0.99, 2.58)

Summer 149 1.00 1.00

Autumn 144 1.34 (0.85,2.12) 1.44 (0.89,2.31)

Winter 181 1.44 (0.93,2.22) 1.53 (0.98, 2.40)
Pesticide use or sprayed home

No 198 1.00 1.00

Yes 415 1.44 (1.03, 2.03)# 1.49 (1.04, 2.14)#
Socioeconomic level

Low 198 1.00 —

Medium 211 0.87 (0.59, 1.28)

High 204 1.10 (0.74, 1.63) —
*>0.1 IU/mL.
#p = 0.05.

OR = odds ratio; DHA = docosahexaenoic acid; IgQE = immunoglobulin E.

detectable cord blood IgE in exposed infants but only if
they were born to nonatopic mothers. One possibility is
that the effects of atopic personal status or maternal
atopy on detectable IgE levels in cord blood are strong
and may mask the effects of household chemicals and
pesticides.

A growing body of evidence suggests that maternal
consumption of PUFAs has beneficial effects on im-
mune function and neonatal inflammatory reac-
tions.'*?%3373% The suggestion has also been made that
low levels of n-3PUFA in cord blood might be associ-
ated with the development of atopy in children, noting
that a possible mechanism could be through the regu-
lation of CD23 that influences IgE synthesis.”® How-
ever, in the present study, we did not observe a signif-
icant difference in the proportion of infants with
detectable cord blood IgE between those born to moth-
ers in the docosahexaenoic acid treatment and placebo
groups and we did not observe any modification in the
prenatal predictors of detectable IgE by treatment
group. In a supplementation study conducted in Aus-
tralia, infants whose mothers received n-3PUFA had
lower IL-13 levels in plasma (p < 0.05) compared with
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the control group but no significant differences were
found in levels of IgE.>"*®

Some methodological considerations must be taken
into account when interpreting our results. First, we
excluded some participants with incomplete data from
the analyses, which could lead to a possible selection
bias. However, we did not observe differences on main
characteristics between included versus nonincluded
subjects and the reasons for exclusion were not related
to the hypothesis of the study or had any connection
with treatment assignment. Second, we could not in-
clude in the analysis levels of exposure to allergens
during pregnancy, an important determinant of IgE.
However, adjusting the analyses for pets, mice, or
cockroaches did not modify our results.

In summary, our results support the growing evi-
dence that maternal atopy and environmental expo-
sures may influence IgE levels in cord blood. Our data
add to the body of evidence suggesting that exposure
to household chemicals, including pesticides during
pregnancy, can have adverse health consequence for
the infants and suggest that pregnant women should
be advised to avoid exposure to these chemicals. This
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Table 4 Main prenatal predictors of total IgE detectable levels*(n = 613) in cord blood stratified by atopic

mother
Variables Atopic (n = 196) Nonatopic (n = 417)
n Bivariate OR Multivariate OR n Bivariate OR Multivariate OR
(95% CI) (95% CI) (95% CI) (95% CI)
Treatment group
Placebo 105 1.00 1.00 205 1.00 1.00
DHA 91 0.77(0.45,1.31) 1.09 (0.59, 1.99) 212 0.87 (0.6, 1.25) 0.71 (048, 1.04)
Child’s gender
Female 93 1.00 1.00 191 1.00 1.00
Male 103 0.79 (0.46, 1.36) 1.25 (0.68, 2.30) 226 1.26(0.88,1.82) 1.29 (0.87,1.92)
Birth’s order
First baby 69 1.00 1.00 156 1.00 1.00
=1 127  1.81(1.04,3.15)# 1.39 (0.74, 2.64) 261  0.76 (0.52,1.1) 0.87 (0.58, 1.31)
Season of birth
Spring 49  0.83(0.36,1.91) 2.48 (1.00, 6.16)# 90  0.59(0.35,1.01) 1.36 (0.77,2.42)
Summer 44 1.00 1.00 105 1.00 1.00
Fall 46  0.76 (0.35, 1.64) 1.38 (0.58, 3.30) 98 0.76 (0.44,1.32) 1.53 (0.86, 2.72)
Winter 57  0.88(0.42,1.87) 1.49 (0.65, 3.42) 124 0.9 (0.53,1.52) 1.55 (0.91, 2.65)
Pesticide use or
sprayed
home
No 54 1.00 144 1.00 1.00
Yes 142 1.15(0.6,2.21) 1.26 (0.63, 2.49) 273 1.50 (1.03, 2.26) 1.64 (1.07, 2.51)#
*> 0.1 Ul/mL.
#p = 0.05.

OR = odds ratio; DHA = docosahexaenoic acid; IgQE = immunoglobulin E.

should be a general recommendation and not be re-
stricted to nonatopic women.
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