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Abstract

Introduction: It has been suggested that human in utero exposure to heavy metals

such as selenium can reduce the prevalence of childhood asthma and allergic

diseases. However, data on this topic are scarce. The objective of the present study

was to assess the putative associations between maternal selenium level during

pregnancy and the risk of asthma, wheezing, allergic rhinitis, and atopic dermatitis

in children from the EDEN birth cohort by the age of 1 and 3 years.

Methods: Plasma selenium concentrations were measured in maternal blood

during mid-pregnancy (24–28 weeks of gestation) in 861mothers. Cohort children

were followed up from birth to 3 years using health questionnaires filled out by the

parents for asthma, wheezing, allergic rhinitis, and atopic dermatitis. Maternal

plasma selenium was related to the childhood outcomes by the age of 1 and 3 years.

Results: Our results showed a significant negative association between a high

maternal plasma selenium level during pregnancy and the risk of wheezing in the

child by the age of 1 and 3 years. However, maternal plasma selenium during

pregnancy was not associated with the prevalence of asthma, allergic rhinitis or

atopic dermatitis.

Conclusions: The results of this study suggest that the level of fetal exposure to

maternal selenium could have an influence on the risk of wheezing in infancy and

potentially on the risk of developing asthma later in life.

Introduction

Over the last 20 years, the prevalence of asthma and allergic

disease has increased in most developed countries [1, 2]. It is

becoming increasingly clear that exposure to certain factors

in utero and/or during the first few years after birth can

influence the development of asthma and allergic diseases,

and thus might explain the observed increase in prevalence.

We are all exposed to many chemicals present in the

environment, which enter the body by inhalation, food

consumption and/or skin contact. Some studies have found

that maternal exposure to heavy metals during pregnancy

influences the newborn’s height, weight [3], neurological

development [4], and immune development [5]. Other

studies have demonstrated that the fetus is indeed exposed to

the environmental and dietary pollutants with which the
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mother is in contact during pregnancy. Indeed, it has been

proven that heavy metals, including selenium, cross the

placental barrier [6, 7].

It has been suggested that heavy metals such as

selenium [8–10] which are mainly ingested in food) reduce

the risk of developing asthma and allergic diseases. However,

data on this topic are scarce. When designing the present

study, we hypothesized that high fetal exposure to selenium

could decrease the risk of asthma and common allergic

diseases in the child.

Hence, the objective of the present study was to examine

the association between maternal level of plasma selenium

during pregnancy and the risk of asthma, wheezing, allergic

rhinitis, and atopic dermatitis in children from the EDEN

birth cohort by the age of 1 and 3 years of age.

Materials and Methods

The study population

Mother–child pairs were recruited in the EDEN (Etude

des D�eterminants pr�e et post natals du d�eveloppement et de

la sant�e de l0Enfant) Prospective Birth Cohort Study [11].

Two thousand and two pregnant women were recruited

from February 2003 to January 2006, before their 24th week

of gestation in two French university hospitals in the cities of

Poitiers and Nancy [11]. In total, 1899 mother–child pairs

with complete data at birth were available. Our investigation

was conducted in 861 mother-newborn pairs for whom a

maternal blood sample collected during pregnancy was

available, for whom selenium in plasma was measured and

who completed the health questionnaires up to age 3.

Ethics statement

The study received approval from the ethics committee

(CCPPRB)ofKremlinBicêtre on12December 2002 and from

CNIL (Commission Nationale Informatique et Libert�e), the

Frenchdata privacy institution. The studywas approvedon12

December 2002. Written consent was obtained from the

mother for herself at the beginning of the study and fromboth

parents for the newborn child after delivery.

Assays of maternal selenium concentration

Maternal samples of venous blood were collected between the

24th and 28th weeks of amenorrhea. EDTA tubes were used to

collect blood for the plasma selenium assay. The blood tubes

were prepared within an hour of sample collection. After

aliquoting, all biological material was frozen at �808C. After
centrifugation at 3000 rpm for 5min, maternal plasma was

aliquoted and frozen at �808C for later analysis. Maternal

plasma selenium concentration (expressed in mg/L) was

assayed using spectrofluorimetry with 2,3-diaminonaphtalene;

the latter compound binds selenium to form a fluorescent

complex (excitation: 364 nm; emission: 523nm). Plasma

selenium data were available for 861 women.

Study variables

Health-related variables

The parents completed a questionnaire including questions

on asthma and wheezing at the age of 1, 2 and 3, on allergic

rhinitis at the age of 2 and 3, based on the validated phase I

questionnaire from the International Study of Asthma and

Allergies in Childhood (ISAAC) [1], and on doctor diagnosed

atopic dermatitis. Asthma was defined as parental report of

doctor-diagnosis of asthma plus either one ormore attacks of

wheeze or asthma medication in the last 12 months. Wheeze

was defined as present if the parents answered ‘‘yes’’ to the

question ‘‘Has your child had wheezing or whistling in the

chest in the preceding 12 months?’’. Allergic rhinitis was

defined as sneezing, nasal congestion, or rhinitis, other than

with respiratory infections, accompanied by eye itching and

tearing during the previous 12 months [12]. Finally, parents

reported atopic dermatitis diagnosed by a doctor. The

responses at age of 1, 2, and 3 years were incorporated into

calculated lifetime prevalence of wheezing, asthma, atopic

dermatitis and allergic rhinitis at age 3.

Other variables

We collected information on potential confounding factors

related to the health-related variables in children, including

the child’s gender, birthweight, gestational age, season of

birth, the number of older siblings (0, 1–2, �3), exclusive

breastfeeding for at least 4 months, the mother’s age when

the child was born (classified as<25, 25–34, and>34 years),

pre-pregnancy maternal body mass index (BMI, classified as

18.5–24.9, 25.0–29.9, 30.0–34.9, and 35.0–39.9 kg/m2),

parental history of allergy (physician-diagnosed allergic

diseases, including asthma, allergic rhinitis, atopic dermatitis

and food allergies), the mother’s and father’s educational

level (primary or below, secondary or tertiary, the household

income (�2300 euros per month vs. >2300 euros per

month, based on the median income of the study

population), the city of residence (Nancy or Poitiers),

tobacco use during pregnancy, the child’s exposure to

tobacco smoke in the environment from 0 to 3 years of age

and residence in damp housing from 0 to 3 years of age.

Statistical analyses

Categorical variables were expressed as the number (%) and

continuous variables were expressed as the mean� standard

deviation (SD). The study population was compared with
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the rest of the cohort without selenium measurements by

applying a chi-squared test (for categorical variables) or a

Mann–Whitney U test (for continuous variables).

The mean selenium concentrations were compared

according to maternal educational level, BMI, age, socio-

professional category and tobacco use during pregnancy by

applying Student’s test (for binary variables) or an analysis of

variance (ANOVA, for factors with more than two modes).

We used logistic regression models to investigate the

associations between health-related variables and selenium

exposure defined in tertiles (first tertile: low exposure, i.e., the

reference value; 2nd tertile: moderate exposure; 3rd tertile:

high exposure) or as a continuous variable. We estimated the

odds ratio (OR) [95% confidence interval (CI)] for each

health-related variable in the child by the age of 1 and 3.

In order to identify potential confounding factors,

bivariate analyses were performed for each health-related

variable. Firstly, we selected variables associated with a

health event that had a p-value <0.30. Secondly, factors

that changed the value of the OR by at least 20% were

selected and included in multivariate models. In addition

to the confounding factors included in the models by

virtue of their statistically significant association with a

health-related variable, we selected a number of adjust-

ment variables on the basis of their documented relation-

ship with asthma and allergic diseases (i.e., independently

of their association with fetal exposure to heavy metals or

with health-related variables). These included the child’s

gender [13, 14], the pre-pregnancy maternal BMI [15], the

birthweight [16], the season of birth [17, 18], the number

of older siblings [19], and exclusive breastfeeding for at

least 4 months [20].

Hence, we adjusted the logistic regression models with the

following factors: maternal age, pre-pregnancy maternal

BMI, maternal active smoking during pregnancy, environ-

mental exposure of the child to tobacco smoke (from 0 to

3 years of age), residence in damp housing (from 0 to 3 years

of age), maternal atopy, the child’s gender, birthweight,

season of birth, exclusive breastfeeding for at least 4 months,

the number of older siblings, the mother’s educational level

and the household income. Adjustment for the father’s

atopic status or educational level did not modify the results

significantly.

Lastly, to study the modulation of the effect of maternal

selenium level on the child’s health-related variables by

maternal atopy, we stratified the population by maternal

history of asthma and allergies and tested the interaction

terms (maternal selenium�maternal atopy). No effect

modification by maternal atopy was observed (interaction

terms were not significant).

All statistical analyses were performed using SAS software

(version 9.3, SAS Institute Inc., Cary, NC). The threshold for

statistical significance was set to p< 0.05.

Results

Characteristics of the study population

Table 1 presents the characteristics of the women and

children in the main analysis (for whom selenium measure-

ments were performed, n¼ 861) and those of who were not

included (without selenium measurements, n¼ 1038). Our

population did not differ significantly from the rest of the

cohort with respect to all characteristics, except for the city of

residence, and season of birth (Table 1).

Figure 1 shows the distribution of maternal plasma

selenium concentration. The median level and interquartile

range (IQR) were 97.6 and 33.70mg/L. The mean plasma

selenium concentration and standard deviation were 98.79

and 26.56mg/L.

By the age of 1, 6.73% of the children had asthma, 22.69%

had wheezing, and 26.48% had atopic dermatitis. By the age

of 3, 9.23% of the children had current or previous asthma,

33.98% had wheezing, 10.86% had allergic rhinitis, and

32.40% had atopic dermatitis.

Relationships between maternal characteristics
and selenium level

The mean plasma selenium concentration was 97.50mg/L in

Poitiers and 100.25mg/L in Nancy (Table 2). Women aged

more than 34 years had a slightly higher mean concentration

of selenium than in younger women, and women who never

smoked during pregnancy presented a slightly higher mean

concentration than those who did, although the differences

were not statistically significant.

Associations between maternal selenium level
and health-related variables in the child by the
age of 1 and 3

An analysis of the associations between selenium levels (in

tertiles) and the health-related variables revealed a signifi-

cant, negative association between a high maternal plasma

selenium level and the risk of wheezing in the child at 1 and

3 years (Table 3). After multivariable adjustment, the

previously observed significant inverse associations persisted

(by age of 1: OR¼ 0.74 (95%CI¼ 0.47–0.92), p¼ 0.03; by

age of 3: OR¼ 0.89 (95%CI¼ 0.61–1.00), p¼ 0.05). Fur-

thermore, an analysis of maternal selenium concentration as

a continuous variable revealed in the unadjusted models, a

significant negative association between plasma selenium

concentration and the risk of wheezing by 1 year (OR¼ 0.94

(95%CI¼ 0.90–0.99), p¼ 0.04) and a trend toward a

negative association by 3 years (Table 3). However, the

latter results were borderline-significant (p¼ 0.06 by age of

1) after adjustment for potential confounding factors

(Table 3).
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There were no other significant relationships between

selenium level (whether in tertiles or as a continuous

variable) and the other health-related variables by 1 and

3 years of age.

Discussion

Main findings

Our results showed a significant negative association

between high maternal plasma selenium level during

pregnancy and the child’s risk of wheezing by the ages of

1 and 3. However, we did not find any associations between

maternal plasma selenium level during pregnancy and

asthma, allergic rhinitis, and atopic dermatitis. It may

suggest that the disease prevalence is influenced by factors

that could not be evaluated in this study, such as the child’s

diet and its exposure to other environmental factors.

Our results echo the few available literature reports of a

beneficial effect of high fetal exposure to selenium on

wheezing in infancy [8–10]. Devereux et al. [8] evidenced a

link between the pregnant woman’s selenium status and the

child’s risk of wheezing at 2 years but not at 5 years. As in the

present study, Thomson et al. [10] did not observe any

association between maternal selenium status and the risks

of asthma, allergic rhinitis and atopic dermatitis. Lastly,

Shaheen et al. [9] did not find any association between fetal

exposure to high selenium levels and postnatal atopic

dermatitis.

Potential mechanisms

There are three putative explanations for selenium’s

influence on the risk of wheezing during early childhood.

Firstly, a number of animal studies have shown that

maternal selenium deficiency is associated with impaired

lung development [21]. When the mother lacks selenium,

oxidative stress is not adequately controlled and can

therefore cause morphological and histological damage to

the neonatal lung. Hence, selenium may have a beneficial

effect on airway development and may protect against

wheezing in infancy. In fact, it has been shown that an

elevated risk of wheezing may be related to low airway

caliber in the very early stages of postnatal life—a factor

that can be decreased even further by viral infections or

postnatal exposure to aeroallergens or tobacco smoke [22,

23]. Secondly, it has been reported that selenium can

modulate inflammatory and immune responses by influ-

encing not only phagocytosis but also lymphocyte

activation, proliferation and differentiation [24]. A

number of research studies have suggested that low

selenium levels favor the differentiation of T-helper (Th)

cells towards the Th2 phenotype associated with asthma

and allergic disease [25–27]. Thirdly, the predominance of

childhood wheezing associated with viral infections [28]

prompted Broome et al. [25] to show that low selenium

levels are linked to rapid viral replication and delayed viral

clearance (due to a weak, delayed proliferative response by

CD3þ T lymphocytes and low release of interferon

Table 1. Characteristics of the mothers and newborns in our study
population with selenium measurements (n¼ 861) and in the rest of the
population without selenium measurement (n¼ 1038).

Mean� SD or frequency (%)

Variable
Without data
(n¼ 1038)

With data
(n¼ 861) p-value†

Mothers
Study centre, %
Poitiers 53.49 45.79
Nancy 46.51 54.21 0.0008

Age (years), mean� SD 30.22� 4.82 29.72� 4.96 0.07
<25, % 13.44 17.06
25–34, % 69.48 68.35
>34, % 17.08 14.59 0.10

BMI (kg/m2), mean� SD 26.40� 4.58 26.29� 4.47 0.72
Normal, % 45.20 45.76
Overweight, % 37.54 37.18
Moderately obese, % 11.83 12.00 0.96
Severely obese, % 5.43 5.06

Educational level, %
Primary or below 5.93 7.96
Secondary 60.80 62.35
Tertiary 33.27 29.69 0.10

Household income >2300
euros per month, %

55.83 49.94 0.06

Tobacco use during
pregnancy, %

27.00 31.05 0.11

Maternal atopy 31.93 32.71 0.72
Duration of pregnancy
(WA), mean� SD

39.27� 1.69 39.17� 1.80 0.24

Newborns
Gender (female), % 48.09 46.66 0.54
Birthweight (kg),
mean� SD

3.28� 0.50 3.28� 0.52 0.71

Premature birth, %‡ 5.64 6.32 0.54
Presence of siblings, %
0 46.65 46.16
1–2 48.28 49.65
�3 5.07 4.19 0.61

Season of birth, %
Summer 24.79 32.75
Autumn 21.89 20.82
Winter 23.23 19.06
Spring 30.11 27.37 0.001

Exclusive breastfeeding for
at least 4 months, %

13.39 13.39 0.82

�WA, weeks of amenorrhea.
†The p-value in a chi-squared test (for categorical variables) or a
Mann–Whitney U test (for continuous variables), statistically significant
p-values are displayed in bold.
‡<37 weeks of amenorrhea.
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gamma). Moreover, it has been demonstrated that changes

in interferon gamma production during the first year of life

predispose children to recurrent episodes of wheezing

(from the preschool age up until adolescence) [29].

Furthermore, selenium has a significant role in decreasing

the oxidative stress induced by viral infection [30].

Accordingly, it is possible that low maternal selenium

levels affect the child’s immune functions—making it

vulnerable to viral infections and thus increasing the risk of

respiratory symptoms in infancy.

Given the phenotypic and physiopathological heteroge-

neity of asthma, there is still no consensual definition of this

condition in general or of childhood asthma in particular.

Despite the fact that we did not find an association between

maternal selenium status during pregnancy and asthma (as

defined according to certain criteria) in the child under

3 years, we cannot conclude that selenium has no influence

on the development of asthma during childhood and

adolescence. Furthermore, the presence of wheezing in early

infancy (often favored by viral infections and environmental

factors such as tobacco smoke, aeroallergens, etc.) can

contribute to the subsequent development of asthma in

childhood and adolescence [31]. In fact, many longitudinal

studies have demonstrated that in most cases of asthma in

adolescents and young adults, the first symptoms of the

disease (such as wheezing) appeared during the preschool

years [32–34]. It has been also shown that 90% of cases of

wheezing in infancy are associated with a viral infection of

the respiratory tract [35].

Hence, by contributing to the alteration in the immune

response that predisposes to bronchial obstruction during

acute respiratory infections, selenium deficiency might be a

risk factor for wheezing in the early postnatal period and for

the subsequent development of asthma.

Strengths and limitations

One of the strengths of our study was its measurement of

selenium levels in the mother’s blood during pregnancy,

which reflects fetal exposure. In the general population,

exposure to selenium is essentially dietary (i.e., via the

ingestion of liquids and foods such as nuts, eggs, dairy

products, poultry, meat, vegetables, etc.). Hence, maternal

plasma selenium is a good marker of the mother’s dietary

intake of this oligo-element. Most of the recent data on the

role of selenium in human nutrition concern its beneficial

effects on longevity [36, 37], cognitive function [38], and

immune function [39].One study limitation relates to the fact

that we did not assay selenium concentrations at several

different time points during pregnancy. It would have been

interesting to study the association between the health-related

variables and maternal selenium concentrations during the

first trimester of pregnancy. In fact, the fetal lung begins to

develop at the very start of the first trimester, with the

embryonic and pseudoglandular phases [40]. Secondly, we

were unable to assay the plasma concentrations of glutathione

peroxidases, selenoprotein P or heme oxygenase—all of

Figure 1. Distribution of selenium levels in maternal plasma (mg/L).
Plasma selenium levels are indicated on the x-axis and percentages of
mothers are indicated on the y-axis. IQR, interquartile range; SD, standard
deviation.

Table 2. Selenium concentration and selected maternal characteristics

Maternal plasma selenium
concentration (mg/L)

Variable Mean� SD� p��

Study centre
Poitiers 97.50 � 24.95
Nancy 100.25 � 28.29 0.05

Educational level
Primary or below 94.4 � 23.91
Secondary 98.73 � 26.95
Tertiary 100.67 � 26.96 0.14

BMI
Normal 100.24 � 26.59
Overweight 97.91 � 27.30
Moderately obese 95.84 � 25.84
Severely obese 101.38 � 23.79 0.38

Age (years)
<25 94.46 � 25.91
25–34 99.67 � 26.45
>34 101.68 � 26.52 0.06

Maternal atopy
No 99.77 � 27.65
Yes 96.41 � 23.77 0.32

Tobacco use during pregnancy
No 99.67 � 26.24
Yes 96.81 � 27.25 0.06

Household income
�2300 euros per month 98.20 � 25.47
>2300 euros per month 99.38 � 27.63 0.28

�SD, standard deviation.
��The p-value in a Student's test or an ANOVA.
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which involved in the antioxidant defense system [41].

Thirdly, we did not take into account the child’s diet, with the

exception of breastfeeding. Lastly, the child’s health-related

data were reported by the parents on a questionnaire, which

might have created classification bias. However, these

questionnaires were based on validated ISAAC question-

naires, which doubtless helped to reduce this source of bias.

Conclusion

The results of the present, prospective study suggest that the

level of fetal exposure to maternal selenium could have an

influence on the risk of wheezing in infancy and potentially

on the risk of developing asthma later in life. This

association, if causal, may have implications for primary

prevention (e.g., dietary interventions during pregnancy).

Until recently, predisposition to allergy was considered to be

the main reason for the link between wheezing in early

postnatal life and the subsequent development of

asthma [42]. There is now evidence to suggest that the

susceptibility to viral infections (linked to selenium

deficiency, amongst other things) is an additional risk factor

for the link between wheezing in infancy and the develop-

ment of asthma later in life [31]. Lastly, a better

understanding of the mechanisms and factors involved in

the development of the asthma might provide us with new

approaches for the prevention and treatment of asthma and

other obstructive pulmonary diseases.
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Atopic dermatitis
By 1 year 1.33 [0.91–1.95] 0.18 1.00 [0.99–1.01] 0.25 1.44 [0.86–2.16] 0.62 1.00 [0.99–1.01] 0.24
By 3 years 0.98 [0.68–1.40] 0.04 1.00 [0.99–1.01] 0.78 1.17 [0.80–1.72] 0.30 1.00 [0.99–1.02] 0.73

Allergic rhinitis
By 1 year na na na na
By 3 years 0.96 [0.57–1.62] 0.04 1.00 [0.99–1.01] 0.74 0.99 [0.57–1.74] 0.63 1.00 [0.99–1.01] 0.51

�OR, odds ratio; CI, confidence interval.
†Adjusted for maternal age, pre-pregnancy maternal BMI, tobacco use during pregnancy, exposure of the child to environmental tobacco smoke (from
birth to 3 years of age), residence in damp housing (from birth to 3 years of age), maternal atopy, the child's gender, the season of birth, birthweight,
exclusive breastfeeding for at least 4 months, the number of older siblings, the mother's educational level, and the household income; na: data not
available.
§p, p-value.
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