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Abstract
Background— Low intakes of dietary antioxidants may contribute to increases in asthma and
allergy.

Objective— We investigated the association of maternal total intakes (foods + supplements) of 10
antioxidant nutrients during pregnancy with wheezing and eczema in 2-y-old children.

Design— Subjects were 1290 mother-child pairs in an ongoing cohort study. Maternal dietary and
supplement intakes were assessed by using a validated food-frequency questionnaire administered
in the first and second trimesters. Antioxidant nutrient intakes were calculated, and the mean for each
nutrient was considered to be the exposure during pregnancy. The outcomes of interest were any
wheezing by the child during either the first or second year of life, recurrent wheezing in both years,
and eczema in either the first or second year.

Results— No association was observed between maternal total intake of any antioxidant nutrient
and eczema. In multivariate logistic regression models, the highest quartile compared with the lowest
quartile of maternal total intakes of vitamin E [odds ratio (OR): 0.70; 95% CI: 0.48, 1.03] and zinc
(OR: 0.59; 95% CI: 0.41, 0.88) was inversely associated with any wheezing at 2 y of age (P for trend
= 0.06 and 0.01 over quartiles of intake for vitamin E and zinc, respectively). Similar results were
obtained for recurrent wheezing at 2 y of age with vitamin E (OR: 0.49; 95% CI: 0.27, 0.90) and zinc
(OR: 0.49; 95% CI: 0.27, 0.87) (P for trend = 0.05 and 0.06 over quartiles of intake for vitamin E
and zinc, respectively).

Conclusion— Our results suggest that higher maternal total intakes of antioxidants during
pregnancy may decrease the risks for wheezing illnesses in early childhood.
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INTRODUCTION
Asthma and allergies are important public health problems in industrialized countries. Asthma
affects >14 million persons (1) and is the most common chronic disease of childhood in the
United States (2). Although the increases in asthma prevalence during past decades may have
stabilized in some countries (3–5), recent data from the United States (1,6) and other countries
(7,8) suggest that the prevalence continues to rise. In addition, striking increases in the
prevalence of asthma and allergies are documented between affluent and nonaffluent countries
worldwide (9).

No clear reasons are available for the increase in prevalence of asthma and allergies in
developed countries, but it is likely that a changing environment and the behaviors associated
with a “Westernized” lifestyle contribute to the problem. For example, fewer infections in early
childhood may predispose a child to the development of asthma and allergies (10). Other factors
implicated in the development of these conditions include family history (11), obesity (12),
and exposure to allergens (13), all of which may increase the risk of asthma and allergies,
although exposure to endotoxins (14), farm animals (15), and pets (16) may decrease the risk.
In addition to these exposures, it was suggested that changes in diet associated with a Western
lifestyle—in particular, diets that are deficient in antioxidants—may explain some of these
trends (17,18). It is postulated that lower dietary intakes of antioxidants lead to lesser
antioxidant defenses in the lung and greater susceptibility to airway inflammation and asthma
(18).

Most published studies that examine associations of antioxidant intake with asthma and
asthma-related phenotypes (19) were conducted in adult populations and in populations with
established disease. Because most cases of asthma are diagnosed before the age of 6 y (20), it
is important to examine exposures in the prenatal (21) and early childhood (22) periods to
understand the inception of disease. Maternal diet during pregnancy is a potentially modifiable
exposure that has already been shown to influence birth outcomes (23), but it has not been
adequately studied with respect to the development of asthma and allergies. Thus, the aim of
the current study was to investigate, in a large cohort study with detailed maternal dietary
information, the association between maternal intakes of antioxidants during pregnancy with
wheezing and eczema in the children in the first 2 y of life.

SUBJECTS AND METHODS
Population and study sample

Study subjects were enrolled from April 22, 1999, to July 31, 2002, in Project Viva, a
prospective, observational cohort study of gestational diet, pregnancy outcomes, and offspring
health. Recruitment occurred at 8 obstetric offices of Harvard Vanguard Medical Associates,
a multispecialty, managed-care group practice in the Boston, MA, area. Recruitment and
retention procedures were previously reported (24). The flow of participants through the
screening, enrollment, and analysis phases of the current study is shown in Figure 1. Women
with singleton pregnancies were eligible for the study if they entered prenatal care within the
first 22 wk of gestation, intended to continue their obstetric care at Harvard Vanguard Medical
Associates, and were able to answer questionnaires in English. Exclusion criteria included
multiple gestation, inability to answer questions in English, plans to move out of the area before
delivery, and >22 wk gestation at the initial prenatal clinic appointment.

All participants gave written informed consent. Study protocols were approved by the Human
Subjects Committees of Harvard Pilgrim Health Care, Brigham and Women’s Hospital, and
Beth Israel Deaconess Medical Center.
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We obtained information directly from participants and from medical records as detailed
previously (24). A trained research assistant met each participant after her initial clinical
prenatal visit, at an average of ≈10 wk of gestation, and again at 26–28 wk of gestation. At
each visit, an assistant interviewed the participant and gave her a series of questionnaires to
complete and mail to the study office. Within 72 h after delivery, an assistant interviewed the
mother at the hospital and performed anthropometric measurements on the newborn. Data
collected from interviews and questionnaires included demographics (neonate sex, maternal
marital status, and race), socioeconomic status (education and household income), and
reproductive history (maternal gravidity, prepregnancy height and body mass index, and
smoking status). Questionnaires that inquired about infant health, feeding, and the home
environment were administered when the child was 6 mo, 1 y, and 2 y of age. Of the 2128
delivered neonates in Project Viva, we excluded 228 participants because of missing first- and
second-trimester diet assessment data and an additional 37 participants with a gestation of <34
completed weeks. Mothers of 368 of the remaining 1863 children either did not provide
informed consent for child follow-up through age 2 y or missed the 2-y follow-up questionnaire
appointment. Of the remaining 1495 children, 181 were lost to follow-up, and 24 have not yet
exited the 2-y time window, which left a sample for analysis of 1290 participants.

Dietary assessment
We assessed maternal diet by using semiquantitative food-frequency questionnaires (FFQs)
validated for use during pregnancy (25) and used in several of our previous studies of maternal
diet and offspring outcomes (26–28). The FFQ used at the first visit reflected intakes in the
first trimester; the time referent was “during this pregnancy”—ie, from the date of the last
menstrual period until the assessment, at an average of ≈10 wk of gestation. To assess vitamin
and supplement intakes during the first trimester, we administered a separate interview that
queried dose, duration, and brand or type of multivitamin, prescribed prenatal vitamins, and
supplements use by the mother. The FFQ used at the second visit (26–28 wk of gestation)
reflected intakes during the second trimester; the time referent was “during the past 3 mo.” The
second trimester instrument was the same as that for the first trimester except that we assessed
the use of vitamins or supplements as part of the subject-completed FFQ. To calculate intake
of nutrients, we used the Harvard nutrient-composition database, which contains food
composition values from the US Department of Agriculture, supplemented by other data
sources (29). All nutrients were adjusted for total energy intake by using the nutrient residuals
method (30). Mean nutrient intakes from the first and second trimesters were used as the
exposure in the analyses. If a participant completed only 1 FFQ, then nutrients calculated from
that questionnaire were taken as the exposure of interest. Of the 1290 participants, 1135 (88%)
completed both FFQs, 96 (7.4%) completed the first-trimester FFQ only, and 59 (4.6%)
completed the second-trimester FFQ only.

Definition of 2-y outcome variables
We ascertained the wheezing outcomes from questions from the first- and second-year
questionnaires: “Since your child was born/was 12 mo old, has he/she ever had wheezing (or
whistling in the chest)?” Any wheeze was defined as a positive response to the question at either
the first- or second-year questionnaire. Recurrent wheeze was defined as positive responses to
the questions in both the first- and second-year questionnaires. If the child had a positive
response to either question but a negative response on the other questionnaire, the child was
excluded from the analysis for recurrent wheezing, which made the comparison group for both
wheezing outcomes the children who never wheezed in the first 2 y of life. Respiratory
infections were defined as a positive response to any of the 3 parts of a question on either the
first- or second-year questionnaire: “Since your child was born/was 12 mo old, have you been
told by a health care professional (such as a doctor, physician assistant, or nurse practitioner)
that your child has (a) bronchiolitis; (b) pneumonia; (c) bronchitis, croup, or any other

Litonjua et al. Page 3

Am J Clin Nutr. Author manuscript; available in PMC 2007 September 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



respiratory infection?” Eczema was defined as a positive response to the question on either the
first- or second-year questionnaire: “Have you ever been told by a health care professional
(such as a doctor, physician assistant, or nurse practitioner) that your child has eczema?”

Demographic, birth, parental conditions, and other variables
Parental demographic information and health history information were collected by interview
and self-administered questionnaires (24). Newborn birth weight data were obtained from
hospital records. Multivitamin intake in the first year was determined by the questions on the
6-mo and 1-y questionnaires. At 6 mo, mothers were asked, “Since your baby was born, has
your baby taken any multivitamin drops such as Tri-Vit (Tri-Vi-Sol) or Poly-Vi-Sol? Other
vitamins or supplements?” At 1 y, mothers were asked, “In the past month, has your child taken
any of the following vitamins or supplements? Multivitamin drops such as Tri-Vit (Tri-Vi-Sol)
or Poly-Vi-Sol (Yes/No); Other vitamins or supplements?” Duration of breastfeeding was
ascertained from detailed questions on the 1-y questionnaire.

Statistical analysis
We examined the associations of each nutrient with each outcome by using bivariate logistic
regression models. Nutrients that had significant associations with either wheezing or eczema
outcome in the bivariate logistic regression models were then taken forward to multivariate
models. To assess the multivariate association between maternal antioxidant intake and the 2-
y outcomes, we first performed bivariate analyses to determine the nonnutrient characteristics
associated with these outcomes by using logistic regression. Variables that were significantly
(P < 0.05) associated with any of the 3 outcomes were included in the respective multivariate
model. For the wheezing and the respiratory infections, these variables included birth weight,
neonate sex, maternal age, maternal prepregnancy body mass index, breastfeeding duration,
the number of children <12 y old in the home, postnatal passive smoke exposure, family
income, and maternal and paternal asthma. For eczema, maternal and paternal asthma were
replaced with maternal and paternal eczema. In addition, models for the individual nutrients
and individual nonnutrient variables were created to test for any potential confounders of the
relation between nutrient and outcome. We defined a confounder as a variable that causes >8%
change in the estimate when entered into the model. None of the nonnutrient variables caused
a change of >8% in the estimate for the antioxidant nutrient in these models; thus, no variable
other than those listed earlier was included in the multivariate analyses. Additional multivariate
models were created to adjust for maternal intakes of fruit and vegetables (because these are
main sources of antioxidants in the diet) and the infant’s intake of multivitamins in the first
year (because this is a potential confounder of the maternal diet–infant outcome relation).

To determine the most parsimonious models, variables that were not significant in the full
multivariate models were removed, and the subsequent models were compared with the full
models by using likelihood ratio tests. Statistical analyses were performed with the use of SAS
statistical software (version 8.2; SAS Institute Inc, Cary, NC).

RESULTS
The characteristics of the participants are presented in Table 1. Three hundred seventy-six
(32.4%) children had any wheezing in the first 2 y of life, whereas 136 (13.1%) children had
recurrent wheezing. Four hundred ten (31.9%) children had eczema. Fifty-one percent of the
children were boys, and 75.6% were white. The mean age of the mothers on entry into the
cohort was 32.6 y, 73.2% of the mothers had at least a college education, 62.6% of the mothers
lived in households with an annual income of >$70 000, and only 9.5% of the mothers smoked
during pregnancy. Of the mothers, 16.4% had asthma and 19.6% had eczema, whereas, of the
fathers, 14.5% had asthma and 14.3% had eczema. A comparison of subjects in the analysis
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and those who were excluded is also presented in Table 1. Because we excluded premature
neonates from this current analysis, subjects in the cohort had higher birth weights than did
excluded subjects. Furthermore, higher proportions of minority ethnic groups, younger
mothers, subjects with shorter duration of breastfeeding, subjects with a low family income,
subjects with low educational attainment, and smoking mothers were found in the excluded
subjects. No differences in the proportions of maternal asthma and paternal asthma between
the 2 groups were observed. For parental eczema, the proportion of maternal and paternal
eczema was lower in the group that was excluded from this analysis.

The distributions of maternal intakes of nutrients are presented in Table 2. For most of the
nutrients, a wide distribution of intake was observed, particularly when supplements were
included. Most of the women met the recommended minimum daily requirements for folate
(400 ìg/d; 31, 32), zinc (15 mg; 33), vitamin C (85 mg/d; 34), and vitamin E (15 mg/d; 34),
when total intakes (foods + supplements) were considered. However, if antioxidant intakes
from foods only were considered, >50% of the women would not have met the recommended
minimum daily requirements for both folate and zinc.

We did not find any associations between any of the nutrients and eczema in the children at 2
y of age. Neither maternal intakes of fruit and vegetables nor infant multivitamin intake was
independently associated with any of the outcomes. However, total intakes of vitamin C,
vitamin E, zinc, folic acid, lutein + zeaxanthin, β-carotene, and copper were associated with
both wheezing outcomes. The results of the analyses of the wheeze outcomes at 2 y of age are
presented in Table 3. For any wheezing, total intakes of vitamin C, vitamin E, zinc, folic acid,
lutein + zeaxanthin, β-carotene, and copper were associated with lower risks in univariate
models. In a multivariate model adjusted for potential confounders, maternal intakes of zinc
in the highest quartile remained protective for any wheezing [odds ratio (OR): 0.59; 95% CI:
0.41, 0.88; P = 0.01], and a trend was observed toward a protective effect for maternal intakes
of vitamin E in the highest quartile (OR: 0.70; 95% CI: 0.48, 1.03; P = 0.06). Additional
adjustment for multivitamin intake in the first year of life did not change these associations.
For recurrent wheezing, similar findings were noted in univariate models. In multivariate
models, maternal intakes in the highest quartile of vitamin E (OR: 0.49; 95% CI: 0.27, 0.90)
and zinc (OR: 0.49; 95% CI: 0.27, 0.87) remained inversely associated with recurrent wheezing
(all P < 0.05 when compared with lowest quartile of intake). Because most of the antioxidants
in the diet come from fruit and vegetables, we ran additional models that adjusted for maternal
intakes of fruit and vegetable as a way of adjusting for other antioxidants. The results of these
additional models did not differ significantly from the models presented in Table 3. Similar
results were also obtained when the analysis was stratified by maternal asthma.

Maternal intakes of lutein + zeaxanthin in the highest quartile compared with the lowest quartile
were inversely associated with the presence of respiratory infections in the 2-y-old children
(OR: 0.56; 95% CI: 0.37, 0.85; P = 0.01 for trend across quartiles) in a multivariate model that
adjusted for potential confounders. Total maternal intakes of all the other antioxidants—in
particular, vitamin C, vitamin E, and zinc—were not associated with respiratory infections in
the children.

Because antioxidants come from both foods and supplements (mostly in the form of
multivitamin preparations), we examined separately the effects of vitamin E and zinc from
foods and those from from supplements (Table 4). Vitamin E intakes from both foods and
supplements were inversely associated with both wheezing outcomes, and the contribution of
supplements appeared to be more strongly associated with the outcomes. Zinc intakes from
both foods only and supplements only were inversely associated with any wheezing with
similar effect estimates. Higher zinc intake from supplements only was also inversely
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associated with recurrent wheezing. The separate effects of antioxidants from foods only and
from supplements only did not remain statistically significant in multivariate models.

DISCUSSION
We found that higher maternal intakes of the antioxidants vitamin E and zinc during pregnancy
were associated with lower risks of wheezing illnesses in 2-y-old children. These effects were
independent of several potential confounders, including maternal asthma status, breastfeeding,
and infant multivitamin intake in the first year. Antioxidant nutrients from both foods and
supplements contributed to these effects. We did not find any association of maternal
antioxidant intake with childhood eczema.

As is true for many longitudinal cohorts, participants from racial minorities and
socioeconomically disadvantaged groups have a higher rate of dropout and missing data than
do white participants, who are more likely to come from the middle or high socioeconomic
class. However, it is not likely that these discrepancies introduced significant bias into our
results, because groups that are socioeconomically disadvantaged have lower intakes of
antioxidants in their diets (35,36) and are more likely to have children who wheeze and who
develop asthma than are groups with higher socioeconomic status (37).

Many studies have investigated the effects of dietary antioxidants on asthma and asthma-related
phenotypes, as reviewed by McKeever and Britton (19). However, most of these studies were
conducted in adult populations. Few studies in children have shown a beneficial effect of
intakes of either antioxidant vitamins or fruit and vegetables on lung function (38,39) and
wheezing symptoms (38,40–42). Two previous studies have investigated the effects of prenatal
exposure to antioxidants and wheezing in childhood. Martindale et al (43) examined maternal
intakes and serum concentrations of antioxidants in a cohort of 1374 mother-infant pairs. They
found that higher intakes of vitamin E were associated with lower risks of wheezing by age 2
y. Our findings validate their results for vitamin E intake in pregnancy and also find a protective
effect of zinc. Although Martindale et al (43) also found a protective effect of vitamin E against
eczema among atopic mothers, we did not find any effects of any antioxidant on eczema, even
when stratifying for maternal eczema. The reason for the differences in findings between the
current study and that of Martindale et al (43) is unclear. A study by Shaheen et al (44) showed
that higher cord blood concentrations of selenium and iron were inversely associated with
wheezing in young children. However, the effects were not strong, and differences in
measurement of the trace elements in the earlier specimens and the later specimens in that study
may have dampened the results.

The mechanisms by which maternal intakes of vitamins E and zinc may reduce the risk of
wheezing in young children are presumably the effects of those intakes on the developing
immune system (45). Cord blood mononuclear cells from neonates born to mothers with high
dietary intakes of vitamin E had lower proliferative responses to antigen stimulation than did
cells from neonates born to mothers with lower intakes of vitamin E during pregnancy (46).
Vitamin E (47) suppresses interleukin 4 gene expression and protein concentrations in
peripheral blood T cells. Subsequent to treatment with both vitamins C and E, human dendritic
cells became resistant to phenotypic and functional changes after stimulation with
proinflammatory cytokines (48). Zinc is an essential component of DNA-binding proteins with
zinc fingers, as are copper and zinc superoxide dismutase and several proteins involved in DNA
repair. Thus, zinc plays an important role in transcription factor function, antioxidant defense,
and DNA repair (49). Zinc deficiency can lead to decreased Th1 cytokine secretion (45) and
promotion of Th2 cytokine responses (44). Although we did not assess immune function in the
children, a previous study in our cohort suggests that maternal antioxidant intake during
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pregnancy is inversely associated with cord blood lymphoproliferative responses to allergens
(50), a finding that is similar to earlier results (46).

An alternative nonimmune mechanism by which vitamin E may reduce wheezing in young
children is its effect on lung function. Antioxidant supplementation may protect against
exposures that may lead to oxidative stress, thus counteracting the effects of these adverse
exposures on lung function (51). For zinc, deficiencies during pregnancy increase the risk of
fetal growth restriction and low birth weight (52), and these conditions were associated with
wheezing and asthma (53). Furthermore, zinc is found in abundance in the airway epithelium,
and it acts as an antioxidant and an antiapoptotic agent and participates in antiinflammatory
processes (54). In adults, serum zinc has been inversely associated with wheezing symptoms
(55). Several studies also reported associations among low hair, serum, or plasma zinc
concentrations and established asthma or allergy (56–58). Our study, however, is the first to
directly link maternal intake of zinc with wheezing in young children.

Antioxidants from foods and from supplements appeared to contribute to the overall effect of
each of the nutrients on the wheezing outcomes. The fact that these separate effects were not
significant after control for potential confounders likely implies that it is the total intakes of
these nutrients, rather than the individual sources, that are important.

Tobacco smoke is a main source of environmental antioxidants. Exposure to environmental
tobacco smoke was associated with wheezing in our analysis, and we adjusted for this exposure.
However, there were too few homes with this exposure (n = 92) to enable us to investigate any
effect modification. When we repeated the analyses on the homes without exposure to smoking,
the results did not change.

Because much of the wheezing that occurs in early life is due to respiratory infections
(specifically, viral respiratory infections), we also investigated the effects of maternal
antioxidant intakes on diagnosed childhood respiratory infections. Although we saw a
protective effect of maternal intakes in the highest quartile of lutein + zeaxanthin, no association
was observed between the other antioxidants—in particular vitamin C, vitamin E, or zinc—
and respiratory infections. Thus, it is likely that the effects of these antioxidants on wheezing
were not due to prevention of respiratory infections in the children. We recognize, however,
that we did not have rigorous ascertainment of respiratory infections.

We recognize several other limitations in our study. First, we asked about children’s wheezing
symptoms only once in the first year and once in the second year. Thus, we are unable to assess
frequency of wheezing in each year with confidence because of potential recall error. However,
it is likely that participants who responded affirmatively to the wheezing questions had children
who had clinically significant wheezing illnesses. Because we found consistent associations
between maternal antioxidant intake and both wheezing outcomes gives us confidence that we
captured the clinically important wheezing symptoms. We used wheezing symptoms as our
outcome for this analysis because a diagnosis of asthma in early childhood is difficult. Although
we recognize that not all wheezing illnesses in early childhood equate to asthma, children who
experience recurrent wheezing episodes are more likely to develop asthma than are children
with transient wheezing episodes (59,60). Further follow-up of this cohort with the planned
collection of markers of atopy will allow us to make more definite conclusions about the
association between maternal antioxidant intake and the development of asthma and allergies
in those mothers’ children.

For maternal dietary assessment, we did not have serum markers of individual nutrients.
However, the FFQ that we used for this study has been validated in pregnancy (25).
Furthermore, we assessed maternal diet at 2 points in the pregnancy, and the use of multiple
assessments of diet was shown to dampen the effects of measurement error and variation
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because of changes in diet over a specified time (61). Furthermore, we believe that the 2
assessments provide a better representation of diet throughout the pregnancy. The other
strength of our study is that we gathered detailed information about breastfeeding and
multivitamin intake in infancy, and we adjusted for the effects of these exposures.

In summary, we found that higher maternal intakes of antioxidant nutrients during pregnancy
—in particular, vitamin E and zinc—are associated with lower risks of wheezing illnesses in
2-y-old children. Continued follow-up of our cohort will help determine whether these effects
will translate to a lower risk of asthma as the children grow older.
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FIGURE 1.
Project Viva participant flow sheet.
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TABLE 1
Participant characteristics

Characteristics In analysis n = 1290 Excluded subjects1n
= 838

P

Child’s sex
 Male [n (%)] 658 (51.0) 438 (52.3) 0.57
 Female [n (%)] 632 (49.0) 400 (47.7)
Birthweight (kg) 3.53 ± 0.512 3.35 ± 0.68 < 0.0001
Race-ethnicity
 White [n (%)] 975 (75.6) 424 (52.0)
 Black [n (%)] 134 (10.4) 214 (26.3)
 Hispanic [n (%)] 69 (5.4) 85 (10.4) < 0.0001
 Asian [n (%)] 63 (4.9) 57 (7.0)
 Other [n (%)] 48 (3.7) 35 (4.3)
Number of other children in the home younger than 12 y
 >1 [n (%)] 675 (53.9) 256 (50.8) 0.24
Breastfeeding duration
 None [n (%)] 139 (11.6) 84 (23.1)
 >0 to <4 mo [n (%)] 269 (22.5) 152 (41.9) < 0.0001
 4 to <10 mo [n (%)] 387 (32.3) 90 (24.8)
 >10 mo [n (%)] 402 (33.6) 37 (10.2)
Multivitamin intake in the first year
 Yes [n (%)] 239 (19.1) 60 (11.9) 0.0003
Eczema in the first 2 y of life3
 Yes [n (%)] 410 (31.9) —4
 No [n (%)] 875 (68.1)
Any wheezing at 2 y5
 Yes [n (%)] 376 (32.4) —3
 No [n (%)] 785 (67.6)
Recurrent wheezing at 2 y4
 Yes [n (%)] 136 (13.1) —3
 No [n (%)] 902 (86.9)
Lower respiratory tract infection at 2 y5
 Yes [n (%)] 327 (25.7) —3
 No [n (%)] 944 (74.3)
Maternal age (y) 32.6 ± 4.8 30.6 ± 5.6 < 0.0001
Maternal prepregnancy BMI (kg/m2) 24.5 ± 5.1 25.5 ± 6.2 < 0.0001
Highest educational level
 High school or some college [n (%)] 346 (26.8) 398 (48.8)
 College graduate [n (%)] 491 (38.1) 252 (30.9) < 0.0001
 Postgraduate degree [n (%)] 452 (35.1) 165 (20.3)
Maternal smoking during pregnancy [n (%)] 122 (9.5) 133 (15.9) < 0.0001
Passive smoke exposure in the home (h/w) 0.26 ± 1.31 0.20 ± 1.02 0.32
Household income
 ≤$40 000 [n (%)] 139 (10.8) 153 (18.3)
 >$40 000 to $70 000 [n (%)] 278 (21.6) 156 (18.6) < 0.0001
 >$70 000 [n (%)] 807 (62.6) 337 (40.2)
 Missing 66 (5.1) 192 (22.9)
Maternal asthma
 Yes [n (%)] 211 (16.4) 137 (16.4)
 No [n (%)] 1079 (83.6) 701 (83.7) 0.996
Maternal eczema
 Yes [n (%)] 253 (19.6) 116 (13.8) 0.0006
 No [n (%)] 1037 (80.4) 722 (86.2)
Paternal asthma
 Yes [n (%)] 187 (14.5) 102 (12.2) 0.13
 No [n (%)] 1103 (85.5) 736 (87.8)
Paternal eczema
 Yes [n (%)] 184 (14.3) 50 (6.0) < 0.0001
 No [n (%)] 1106 (85.7) 788 (94.0)

1
Numbers do not always add up to 838 because of varied numbers of missing data for each variable.

2
x̄ ± SD (all such values).

3
There were not enough numbers with information to make valid comparisons. Most had missing information for these variables.

4
For the recurrent wheezing variable, children who wheezed in either the first year only or the second year only were excluded from the analyses.

5
Numbers do not add up to 1290 because of missing data.
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TABLE 3
Associations between maternal antioxidant intakes and child outcomes at 2 y of age1

Any wheezing in the first 2 y (n = 1161) Recurrent wheezing in the first 2 y (n = 1038)2

Nutrients Univariate model Multivariate model3 Univariate model Multivariate model4

Vitamin C
 1 1.00 1.00 1.00 1.00
 2 0.82 (0.58, 1.15)5 0.93 (0.65, 1.35) 1.02 (0.63, 1.65) 1.05 (0.62, 1.77)
 3 0.65 (0.46, 0.93)6 0.84 (0.58, 1.22) 0.85 (0.52, 1.40) 1.04 (0.60, 1.78)
 4 0.67 (0.47, 0.94)6 0.79 (0.54, 1.15) 0.56 (0.32, 0.97)6 0.75 (0.41, 1.36)
 P for trend7 0.01 0.2 0.03 0.4
Vitamin E
 1 1.00 1.00 1.00 1.00
 2 0.71 (0.51, 1.01) 0.90 (0.62, 1.31) 0.60 (0.37, 0.98) 0.79 (0.47, 1.34)
 3 0.67 (0.48, 0.95)6 0.84 (0.58, 1.22) 0.68 (0.43, 1.10) 0.90 (0.54, 1.52)
 4 0.52 (0.36, 0.74)6 0.70 (0.48, 1.03) 0.36 (0.20, 0.62)6 0.49 (0.27, 0.90)6

 P for trend7 0.0004 0.06 0.0007 0.05
Zinc
 1 1.00 1.00 1.00 1.00
 2 0.77 (0.55, 1.08) 0.89 (0.61, 1.29) 0.56 (0.34, 0.92) 0.61 (0.35, 1.06)
 3 0.67 (0.47, 0.94)6 0.85 (0.59, 1.24) 0.73 (0.46, 1.17) 0.89 (0.53, 1.49)
 4 0.49 (0.34, 0.70)6 0.59 (0.41, 0.88)6 0.41 (0.24, 0.69)6 0.49 (0.27, 0.87)
 P for trend7 < .0001 0.01 0.004 0.06
Lutein + zeaxanthin
 1 1.00 1.00 1.00 1.00
 2 1.00 (0.72, 1.41) 1.20 (0.83, 1.73) 1.02 (0.63, 1.67) 1.35 (0.79, 2.32)
 3 0.85 (0.60, 1.20) 1.12 (0.77, 1.63) 0.96 (0.59, 1.56) 1.59 (0.92, 2.74)
 4 0.65 (0.45, 0.93)6 0.84 (0.56, 1.25) 0.52 (0.30, 0.90)6 0.91 (0.49, 1.67)
 P for trend7 0.01 0.4 0.03 0.9
Folic acid
 1 1.00 1.00 1.00 1.00
 2 0.94 (0.67, 1.32) 1.13 (0.78, 1.64) 0.77 (0.48, 1.24) 0.93 (0.55, 1.58)
 3 0.63 (0.44, 0.89)6 0.79 (0.54, 1.16) 0.58 (0.35, 0.95)6 0.75 (0.43, 1.28)
 4 0.64 (0.45, 0.91)6 0.89 (0.60, 1.31) 0.46 (0.27, 0.78)6 0.68 (0.38, 1.22)
 P for trend7 0.002 0.2 0.002 0.1
α-Carotene
 1 1.00 1.00 1.00 1.00
 2 0.77 (0.54, 1.09) 0.87 (0.60, 1.26) 0.98 (0.60, 1.60) 1.22 (0.71, 2.09)
 3 0.82 (0.58, 1.16) 1.00 (0.69, 1.45) 0.74 (0.43, 1.25) 1.01 (0.57, 1.80)
 4 0.75 (0.53, 1.06) 0.92 (0.63, 1.34) 0.88 (0.53, 1.45) 1.26 (0.72, 2.21)
 P for trend7 0.2 0.8 0.4 0.6
β-Carotene
 1 1.00 1.00 1.00 1.00
 2 1.01 (0.71, 1.41) 1.28 (0.88, 1.88) 0.85 (0.52, 1.37) 1.24 (0.72, 2.13)
 3 0.85 (0.60, 1.20) 1.21 (0.82, 1.77) 0.76 (0.46, 1.24) 1.23 (0.72, 2.13)
 4 0.71 (0.50, 1.02) 0.98 (0.66, 1.47) 0.58 (0.34, 0.97)6 1.01 (0.56, 1.81)
 P for trend7 0.04 0.9 0.04 0.9
β-Cryptoxanthin
 1 1.00 1.00 1.00 1.00
 2 0.80 (0.57, 1.13) 0.82 (0.57, 1.18) 1.36 (0.82, 2.24) 1.33 (0.78, 2.28)
 3 0.72 (0.51, 1.02) 0.81 (0.56, 1.18) 0.95 (0.56, 1.63) 0.97 (0.55, 1.72)
 4 0.92 (0.66, 1.30) 0.97 (0.67, 1.41) 1.05 (0.62, 1.78) 1.28 (0.73, 2.26)
 P for trend7 0.5 0.9 0.7 0.7
Lycopene
 1 1.00 1.00 1.00 1.00
 2 1.27 (0.90, 1.80) 1.50 (1.02, 2.19) 0.88 (0.53, 1.46) 1.06 (0.62, 1.83)
 3 1.26 (0.90, 1.79) 1.67 (1.14, 2.45) 1.01 (0.62, 1.64) 1.40 (0.82, 2.40)
 4 0.83 (0.58, 1.19) 0.96 (0.64, 1.42) 0.70 (0.42, 1.17) 0.75 (0.42, 1.33)
 P for trend7 0.3 0.9 0.3 0.6
Copper
 1 1.00 1.00 1.00 1.00
 2 0.78 (0.55, 1.10) 0.93 (0.64, 1.35) 0.63 (0.38, 1.03) 0.75 (0.43, 1.30)
 3 0.71 (0.50, 1.01) 0.91 (0.62, 1.34) 0.67 (0.41, 1.09) 1.02 (0.60, 1.75)
 4 0.69 (0.49, 0.99)6 0.90 (0.61, 1.33) 0.57 (0.34, 0.95)6 0.90 (0.51, 1.59)
 P for trend7 0.03 0.6 0.04 1.0

1
Calorie-adjusted nutrients, including supplements, are in quartiles of intake, with the first quartile being the lowest and the fourth quartile being the

highest.
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2
One hundred twenty-three children who were reported to wheeze on either the first- or second-year questionnaire only were excluded from the recurrent

wheezing analyses.

3
Adjusted for sex, maternal age, maternal asthma, paternal asthma, family income, passive smoke exposure, breastfeeding, and other children <12 y old

in the home.

4
Adjusted for body weight, sex, maternal age, maternal prepregnancy BMI, maternal asthma, paternal asthma, family income, passive smoke exposure,

breastfeeding, and other children <12 y old in the home.

5
Odds ratio; 95% CI in parentheses (all such values).

6
P < 0.05 for the comparison with the lowest quartile of intake.

7
P for trend obtained from trend test (Wald) in logistic regression models.
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TABLE 4
Associations of nutrients from foods only and from supplements only with wheezing outcomes at 2 y of age1

Any wheezing (n = 1161) Recurrent wheezing (n = 1038)

Nutrients Foods only Supplements only Foods only Supplements only

Vitamin E
 1 1.00 1.00 1.00 1.00
 2 0.75 (0.53, 1.06)2 0.86 (0.61, 1.21) 0.66 (0.40, 1.07) 0.83 (0.52, 1.33)
 3 0.67 (0.47, 0.95)3 0.70 (0.50, 0.99)3 0.58 (0.35, 0.95)3 0.50 (0.30, 0.84)3
 4 0.69 (0.49, 0.98)3 0.63 (0.45, 0.90)3 0.61 (0.37, 1.01) 0.56 (0.34, 0.93)3

 P for trend4 0.03 0.006 0.04 0.006
Zinc
 1 1.00 1.00 1.00 1.00
 2 0.85 (0.60, 1.19) 0.98 (0.70, 1.37) 0.70 (0.43, 1.17) 0.94 (0.58, 1.50)
 3 0.60 (0.42, 0.85)3 0.67 (0.47, 0.95)3 0.65 (0.40, 1.07) 0.59 (0.35, 0.98)3
 4 0.60 (0.42, 0.85)3 0.63 (0.45, 0.90)3 0.68 (0.42, 1.12) 0.51 (0.30, 0.87)3

 P for trend4 0.0008 0.002 0.1 0.004

1
Nutrients are in quartiles of intake, with the first quartile being the lowest and the fourth quartile being the highest.

2
Odds ratio; 95% CI from univariate logistic regression models in parentheses (all such values).

3
P < 0.05 for the comparison with the lowest quartile of intake from logistic regression models.

4
P for trend obtained from trend test (Wald) in logistic regression models.
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