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Background: Although sexual dimorphism in wheeze and
asthma prevalence are well documented, sex-specific risk factors
for wheeze and longitudinal wheeze phenotypes have not been
well elucidated.
Objective: By using a large prebirth cohort, this study aimed to
identify sex-specific risk factors for wheeze from birth through
midchildhood and identify distinct longitudinal wheeze
phenotypes and the sex-specific risk factors associated with
these phenotypes.
Methods: Mothers reported child wheeze symptoms over the
past year approximately yearly on 9 occasions starting at age
1 year. We identified sex-specific predictors of wheeze, wheeze
phenotypes, and sex-specific predictors of these phenotypes by
using generalized estimating equations, latent class mixed
models, and multinomial logistic analysis, respectively.
Results: A total of 1623 children had information on wheeze at 1
or more time points. Paternal asthma was a stronger predictor
of ever wheezing in boys (odds ratio [OR], 2.15; 95% CI,
1.74-2.66) than in girls (OR, 1.53; 95% CI, 1.19-1.96; P for sex
by paternal asthma interaction 5 .03), whereas being black or
Hispanic, birth weight for gestational age z score, and breast-
feeding duration had stronger associations among girls. We
identified 3 longitudinal wheeze phenotypes: never/infrequent
wheeze (74.1%), early transient wheeze (12.7%), and persistent
wheeze (13.1%). Compared with never/infrequent wheeze,
maternal asthma, infant bronchiolitis, and atopic dermatitis
were associated with persistent wheeze in both sexes, but
paternal asthma was associated with persistent wheeze in boys
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only (OR, 4.27; 95% CI, 2.33-7.83; P for sex by paternal asthma
interaction 5 .02), whereas being black or Hispanic was a
predictor for girls only.
Conclusion: We identified sex-specific predictors of wheeze and
longitudinal wheeze patterns, which might have important
prognostic value and allow for a more personalized approach to
wheeze and asthma treatment. (J Allergy Clin Immunol
2016;nnn:nnn-nnn.)
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Sexual dimorphism in wheeze and asthma prevalence and their
associated morbidities are well documented, with a higher male/
female ratio in childhood and a reversal of this ratio during
adolescence that persists into adulthood.1-7 It has been suggested
that dysynapsis and the relative collapsibility and size of airways
might predispose male infants to wheeze more than female
infants.8 Other hypotheses include female and male hormonal
influences9-11 and differences in consultation practices.12

Although several large cross-sectional and longitudinal studies
have identified risk factors for wheeze and asthma, few have
looked specifically at sex-specific risk factors. Instead, most
simply adjust for sex in their multivariate analytic models. The
identification of sex-specific risk factors has important implica-
tions for asthma prediction and prevention, as well as for our
understanding of the genetic determinants of asthma. Using a
large birth cohort of children with a parental history of allergy or
asthma and follow-up to age 14 years, we found that paternal
asthma and infant bronchiolitis were risk factors for wheeze in
boys only, whereas maternal asthma was a risk factor for both
sexes.13 Interestingly, the magnitude of the associations of
paternal asthma and infant bronchiolitis with wheeze in boys
persisted throughout childhood, suggesting that the long-term
effect of these factors on the longitudinal trajectory of wheeze
might also be sex specific.

Recently, trajectories of wheeze have been identified by using
longitudinal latent class analyses in large birth cohorts.14 These
trajectories are consistent with previously documented patterns,15

and a few studies have identified risk factors associated with these
trajectories.16-18 For example, in models including boys and girls,
parental asthma and aeroallergen sensitization were stronger
predictors of persistent wheeze, whereas early respiratory tract
infections, breast-feeding, and day care attendance were
predictors of early transient wheeze.17,18 However, sex-specific
risk factors, which are important from a prognostic point of
view, have not been examined.

By using a large birth cohort of children not selected for atopy
risk, this study examined sex-specific risk factors for wheeze from
birth through midchildhood. Furthermore, distinct longitudinal
phenotypes of wheeze were identified, and sex-specific risk
factors for these trajectories were examined.
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Abbreviations used
GEE: G
eneralized estimating equations
OR: O
dds ratio
METHODS

Subjects
Project Viva is a prospective prebirth cohort study the goal of which is to

examine associations of prenatal and perinatal factors with maternal and child

health.19 Mothers were recruited at their first prenatal appointment at Atrius

Harvard Vanguard Medical Associates, a multispecialty group practice in

Massachusetts. This cohort consisted of 2128 singleton live-born infants. At

in-person visits and onmailed questionnaires, mothers were invited to respond

to a questionnaire about the child’s health at birth, 6 months and 1 year of age,

and approximately 1-year intervals thereafter.
Ascertainment of wheeze and exposures
For this study, we used maternal reports of child wheeze for questionnaire

years 1 through 9 inclusively, corresponding approximately to yearly

assessments between the ages of 1 and 9 years. Wheeze was considered

present if the parent answered yes to the following question: ‘‘Since your child

was [age at last questionnaire], had he/she ever had wheezing (or whistling in

the chest)?’’ Children with at least 1 wheeze outcome available from

questionnaire years 1 through 9 were included (n 5 1623). We ascertained

most demographics data, parental medical history, and the child’s

characteristics through maternal reports at enrollment in the study or at the

child’s birth and assessed bronchiolitis and atopic dermatitis before 1 year of

age at questionnaire year 1. Environmental smoke exposure before age 1 year

was considered present if the parents reported that the child was exposed to at

least 1 hour of cigarette smoke per week on the 6-month or 1-year

questionnaires.
Statistical analysis
We performed a descriptive analysis of the baseline characteristics of the

entire cohort and by sex. We used generalized estimating equations (GEE) to

identify predictors of wheeze longitudinally stratified by sex and incorporating

all observed outcomes. An independent correlation structure was used, and

this model was compared with the unstructured and exchangeable structures

by using the quasi-Akaike information criterion. We included the following

exposures in the finalmodel based on our previous study and results from other

studies13,20-23: maternal and paternal asthma, household income (>$70,000/y

vs <_$70,000/y), child’s age at the time of wheeze ascertainment, child’s

race/ethnicity, season of birth, gestational length, birth weight for gestational

age z score, breast-feeding duration, environmental smoke exposure before

age 1 year, and bronchiolitis and atopic dermatitis before age 1 year. Given

the variation in age at the time of yearly questionnaires, we used the exact

age in years for each ascertainment time point for all analyses. Other

covariates that we considered but did not include in the final model were as

follows: maternal smoking during pregnancy, maternal and paternal eczema

and hay fever, and child care at 6 months of age. These did not independently

predict wheeze (parental eczema and maternal smoking during pregnancy),

were correlated with other variables in the model (maternal smoking during

pregnancy with environmental smoke exposure, child care attendance with

bronchiolitis, parental eczema, and hay fever with parental asthma), or both.

In a subanalysis we analyzed the age-specific effects of the covariates on

wheeze by stratifying the cohort by age (<5 and >_5 years) and sex. If the results

suggested an age-specific effect, we further examined the interaction between

age and those risk factors on wheeze.

Additionally, we applied latent class mixed modeling to identify distinct

phenotypes of wheeze. To increase the validity of the analysis, we included

only children who had at least 1 wheeze measure between 1 and 5 years and at

least 1 wheeze measure between 6 and 9 years of age. We initially performed

latent class mixed modeling stratified by sex to compare wheeze phenotypes
between boys and girls and assessed the goodness of fit for the number of latent

classes by using the Bayesian information criterion. Based on previous

literature,14,24 we specified 3, 4, and 5 latent classes, and 3 latent classes

provided the best fit. Because of the similarity of the latent classes in both

sexes, subsequently, we performed this analysis in the entire cohort using

the same parameters. We examined sex-specific risk factors for individual

patterns through multinomial logistic regression stratified by sex. Covariates

included in the multinomial logistic regression were the same as those for

the GEE analysis.

To optimize power, we imputed missing exposures in the final model. We

used Proc MI in SAS software (version 9.3; SAS Institute, Cary, NC) and

imputed 50 values for each missing observation to create 50 ‘‘completed’’

data sets. We combined multivariable modeling estimates by using Proc

MIANALYZE. Characteristics were similar in the unimputed and imputed data

sets (seeTables E1 andE2 in this article’sOnlineRepository atwww.jacionline.

org). Multiple imputation also did not substantially change the associations

resulting from our analyses. P values are 2-sided. We performed analyses

with SAS (version 9.3) and R (version 3.2.1; www.r-project.org) software.

We performed multiple imputation, GEE analysis, and multinomial logistic

regression with proc MI, proc GENMOD and MIANALYZE, and proc

LOGISTIC in SAS software, respectively. We performed longitudinal latent

class analysis with the package ‘‘lcmm’’25 in R software.
RESULTS
A total of 1623 children in Project Viva had at least 1 wheeze

outcome available for questionnaire years 1 through 9; 1574
(97.0%) had at least 1 wheeze measure between 1 and 5 years, and
1344 (82.8%) had at least 1 wheeze measure between 6 and
9 years (see Table E3 in this article’s Online Repository at
www.jacionline.org for detailed distribution of data availability
by questionnaire year). A total of 1295 children with at least 1
wheeze outcome available at 5 years or less and greater than
5 years were included in the latent class analysis. Baseline
characteristics of the children, their family history of atopy, and
important environmental exposures for these 2 subgroups are
presented in Tables I and II, respectively. These characteristics
are similar to those of the entire Project Viva cohort (n 5 2128,
see Table E4 in this article’s Online Repository at
www.jacionline.org). This is a predominantly white cohort
(64.6%), with 13.5% and 11.8% of children having a history of
maternal and paternal asthma, respectively. The prevalence of
bronchiolitis before age 1 year was statistically significantly
higher in boys (12.3% in girls and 17.2% in boys). The prevalence
of wheezewas higher in boys at each questionnaire year, although
it had a decreasing trend with time for both sexes, with possibly a
slight increase in prevalence at questionnaire year 9 (Fig 1).
Sex- and age-specific predictors of wheeze
Risk factors for wheeze among girls included being black (odds

ratio [OR], 2.36; 95% CI, 1.84-3.04), being Hispanic (OR, 3.24;
95% CI, 2.13-4.93), maternal asthma (OR, 1.92; 95% CI,
1.54-2.41), paternal asthma (OR, 1.53; 95% CI, 1.19-1.96),
bronchiolitis before age 1 year (OR, 3.51; 95% CI, 2.76-4.47),
and atopic dermatitis before age 1 year (OR, 1.72; 95% CI,
1.39-2.13;Table III). Thesewere also predictors ofwheeze in boys,
but the effects of being black (OR, 1.54; 95% CI, 1.23-1.93) and
Hispanic (OR, 1.63; 95% CI, 1.15-2.29) were less important,
whereas the effect of paternal asthma (OR, 2.15; 95% CI,
1.74-2.66) was more important. There was a significant statistical
interaction between sex and being black (P5 .002), sex and being
Hispanic (P5 .01), and sex and paternal asthma (P5 .03).
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TABLE I. Baseline characteristics of the Project Viva cohort

(children with >_1 wheeze outcome from questionnaire years 1-

9 [n 5 1623])

Total

(n 5 1623)

Girls

(n 5 778)

Boys

(n 5 845)

No. (%)

Maternal smoking status

Never 1119 (69.0) 545 (70.0) 575 (68.0)

Former 321 (19.8) 156 (20.1) 165 (19.5)

Smoked during pregnancy 183 (11.3) 77 (9.9) 105 (12.5)

Maternal asthma 219 (13.5) 110 (14.2) 109 (12.9)

Maternal hay fever 487 (30.0) 232 (29.8) 255 (30.1)

Maternal eczema 210 (12.9) 96 (12.4) 114 (13.4)

Paternal asthma 191 (11.8) 85 (10.9) 106 (12.6)

Paternal hay fever 430 (26.5) 209 (26.8) 221 (26.2)

Paternal eczema 96 (5.9) 42 (5.3) 55 (6.5)

Household income >$70,000/y 966 (59.5) 456 (58.6) 510 (60.3)

Child race/ethnicity

Black 254 (15.7) 114 (14.7) 140 (16.6)

Hispanic 86 (5.3) 35 (4.5) 51 (6.0)

White 1049 (64.6) 518 (66.5) 532 (62.9)

Other 233 (14.4) 111 (14.3) 122 (14.5)

Season of birth

Winter 410 (25.3) 199 (25.6) 211 (25.0)

Spring 430 (26.5) 207 (26.6) 223 (26.4)

Summer 426 (26.2) 201 (25.8) 225 (26.6)

Fall 357 (22.0) 171 (22.0) 186 (22.0)

Mean (SD)

Gestation length (wk) 39.5 (1.9) 39.5 (1.8) 39.4 (1.9)

Birth weight for gestational

age (z score)

0.20 (0.96) 0.18 (0.94) 0.21 (0.98)

Duration of breast-feeding (mo) 6.0 (4.6) 6.1 (4.6) 5.9 (4.6)

No. (%)

Environmental smoke exposure

before 1 y

149 (9.2) 71 (9.1) 78 (9.2)

Bronchiolitis before age 1 y 241 (14.9) 96 (12.3) 146 (17.2)

Atopic dermatitis before age 1 y 369 (22.8) 162 (20.8) 207 (24.5)

TABLE II. Baseline characteristics of children with at least 1

wheeze outcome at less than 5 years and 1 wheeze outcome at

5 years or older (n 5 1295)

Total

(n 5 1295)

Girls

(n 5 630)

Boys

(n 5 665)

No. (%)

Maternal smoking status

Never 910 (70.3) 456 (72.4) 454 (68.2)

Former 262 (20.2) 124 (19.6) 138 (20.8)

Smoked during pregnancy 123 (9.5) 50 (7.9) 73 (11.0)

Maternal asthma 166 (12.8) 85 (13.6) 80 (12.1)

Maternal hay fever 392 (30.2) 191 (30.3) 201 (30.2)

Maternal eczema 167 (12.9) 77 (12.3) 89 (13.4)

Paternal asthma 155 (12.0) 76 (12.0) 80 (12.0)

Paternal hay fever 343 (26.5) 171 (27.1) 173 (26.0)

Paternal eczema 79 (6.1) 36 (5.7) 43 (6.5)

Household income >$70,000/y 804 (62.1) 382 (60.7) 422 (63.5)

Child race/ethnicity

Black 172 (13.3) 82 (13.1) 90 (13.5)

Hispanic 52 (4.0) 21 (3.3) 31 (4.7)

White 881 (68.0) 433 (68.7) 448 (67.4)

Other 190 (14.7) 94 (14.9) 96 (14.4)

Season of birth

Winter 332 (25.6) 159 (25.2) 173 (26.0)

Spring 328 (25.3) 163 (25.9) 165 (24.8)

Summer 350 (27.0) 168 (26.7) 182 (27.4)

Fall 285 (22.0) 140 (22.2) 145 (21.8)

Mean (SD)

Gestation length (wk) 39.5 (1.8) 39.5 (1.8) 39.4 (1.8)

Birth weight for gestational

age (z score)

0.19 (0.97) 0.19 (0.93) 0.18 (0.99)

Duration of breast-feeding (mo) 6.4 (4.6) 6.4 (4.6) 6.4 (4.6)

No. (%)

Environmental smoke exposure

before age 1 y

109 (8.4) 55 (8.7) 54 (8.1)

Bronchiolitis before age 1 y 188 (14.5) 74 (11.7) 114 (17.1)

Atopic dermatitis before age 1 y 297 (22.9) 135 (21.4) 162 (24.3)
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Older age at outcome time point and greater gestational length
were associated with lower risk of wheeze in both sexes.
Environmental smoke exposure before 1 year was associated
with higher risk of wheeze in boys (OR, 1.45; 95%CI, 1.09-1.92),
although the effect size was similar in girls. Being born in the
summer and fall was associated with a lower risk of wheeze in
girls only. Although household income of greater than $70,000/y
was significantly associated with lower risk of wheeze in boys
(OR, 0.77; 95%CI, 0.64-0.92), effect sizes were similar, although
with CIs that straddled the null in the opposite sex. Longer
duration of breast-feeding was associated with lower wheeze risk
in girls (OR, 0.96 per month; 95% CI, 0.94-0.97).

In addition to stratification by sex, we also stratified the cohort
by age to examine the age-specific effects of risk factors in a
subanalysis (see Table E5 in this article’s Online Repository at
www.jacionline.org). The effect of infant bronchiolitis on wheeze
was greater among subjects aged less than 5 years compared with
those 5 years and older for both sexes (age by infant bronchiolitis
interaction: P < .0001 for both boys and girls), whereas paternal
asthma and atopic dermatitis before age 1 year were associated
with higher odds of wheeze in those 5 years and older among
boys only (age by paternal asthma interaction: P < .0001, age
by atopic dermatitis interaction: P 5 .01).

GEE analyses were performed by using an independent
correlation structure, which had a high goodness of fit (as
measured by using the quasi-Akaike information criterion) that
is comparable with the exchangeable structure and higher than
that of the unstructured model. Of note, GEE analysis provides
robust unbiased estimates even in case of misspecification of the
correlation structure.26
Longitudinal wheeze phenotypes and sex-specific

predictors of wheeze phenotypes
A total of 1295 subjects had at least 1 wheeze measure at

5 years or less and at least 1 wheeze measure at greater than
5 years and were included in the latent class analysis, with the
majority (n 5 1135 [87.6%]) having 5 or more observations.
Three distinct wheeze phenotypes were identified, and patterns
were similar in girls and boys: never/infrequent wheeze (n5 960,
74.1% overall; n 5 497, 78.9% in girls; and n 5 665, 69.6% in
boys), early transient wheeze (n 5 165, 12.7% overall; n 5 64,

http://www.jacionline.org


FIG 1. Prevalence of parent-reported wheeze in the past 12 months by age

stratified by sex. Curves are calculated by using local regression.

TABLE III. Predictors of wheeze stratified by sex*

Girls (n 5 778),

OR (95% CI)

Boys (n 5 845),

OR (95% CI)

Maternal asthma 1.92 (1.54-2.41) 1.80 (1.46-2.22)

Paternal asthma� 1.53 (1.19-1.96) 2.15 (1.74-2.66)�
Household income >$70,000/y 0.84 (0.68-1.02) 0.77 (0.64-0.92)

Child race/ethnicity (vs white)

Black� 2.36 (1.84-3.04) 1.54 (1.23-1.93)

Hispanic� 3.24 (2.13-4.93) 1.63 (1.15-2.29)

Other 1.22 (0.96-1.56) 1.03 (0.83-1.28)

Season of birth (vs winter)

Spring 0.93 (0.74-1.16) 1.05 (0.86-1.29)

Summer 0.65 (0.51-0.83) 0.85 (0.69-1.04)

Fall 0.72 (0.56-0.92) 1.09 (0.88-1.34)

Gestation length (wk) 0.94 (0.90-0.98) 0.95 (0.91-0.98)

Birth weight for gestational

age (z score)�
0.91 (0.82-1.00) 1.07 (0.98-1.15)

Duration of breast-feeding (mo)� 0.96 (0.94-0.97) 1.01 (0.99-1.02)

Environmental smoke exposure

before age 1 y

1.36 (0.97-1.90) 1.45 (1.09-1.92)

Bronchiolitis before age 1 y 3.51 (2.76-4.47)� 4.23 (3.40-5.25)�
Atopic dermatitis before age 1 y 1.72 (1.39-2.13) 1.54 (1.28-1.85)�
Child age at outcome (y) 0.94 (0.91-0.97) 0.92 (0.90-0.94)

*Multivariable model adjusted for all variables presented in the table.

�Statistically significant interaction with sex on wheeze.

�Statistically significant interaction with age on wheeze.

FIG 2. Longitudinal wheeze phenotypes for the entire study cohort.

Sex-specific wheeze trajectories were similar in boys and girls. Themajority

of subjects were in the never or infrequent wheeze group (n 5 960, 74.1%),

with minorities in the early transient wheeze group (n 5 165, 12.7%) and

persistent wheeze group (n 5 170, 13.1%).
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10.2% in girls; and n 5 101, 15.2% in boys), and persistent
wheeze (n 5 170, 13.1% overall; n 5 69, 11.0% in girls; and
n 5 101, 15.2% in boys). Consistent with the prevalence of
wheeze throughout the age categories, there were more boys in
the early transient wheeze and persistent wheeze groups. These
phenotypes were labelled based on their temporal pattern (Fig 2)
and based on patterns reported in the literature.

In the multinomial analysis infant bronchiolitis (OR of 4.84
[95% CI, 2.34-9.98] in girls and 10.17 [95% CI, 5.47-18.93 in
boys]) was associated with higher odds of early transient
wheeze in boys and girls compared with never/infrequent wheeze
(Table IV). Maternal asthma was also associated with early
transient wheeze in boys (OR, 3.59; 95% CI, 1.90-6.75) and
showed a borderline significance in girls (OR, 2.03; 95% CI,
0.97-4.25). Interestingly, the association of infant bronchiolitis
with early transient wheeze appeared greater in boys, although
the sex by infant bronchiolitis interaction was not statistically
significant (P 5 .15). The sex by maternal asthma and atopic
dermatitis interactions were also not significant (P 5 .41 and
.32, respectively). In girls only duration of breast-feeding (OR,
0.92; 95% CI, 0.86-0.98) and atopic dermatitis (OR, 2.06; 95%
CI, 1.04-4.09) were associated with a lower and higher odds of
early transient wheeze, respectively.

Although maternal asthma, infant bronchiolitis, and atopic
dermatitis were associated with increased odds of persistent
wheeze in both girls and boys (sex by maternal asthma
interaction: P 5 .76, sex by infant bronchiolitis interaction:
P 5 .25, and sex by atopic dermatitis interaction: P 5 .33),
paternal asthma was a predictor of persistent wheeze in boys
only (OR, 4.27; 95% CI, 2.33-7.83; P for sex by paternal asthma
interaction5 .02). Being black (OR of 3.23 [95% CI, 1.55-6.75]
in girls vs 1.50 [95% CI, 0.73-3.09] in boys) or Hispanic (OR of
3.60 [95% CI, 1.06-12.17] in girls vs 1.38 [95% CI, 0.47-4.08] in
boys) was a risk factor for persistent wheeze in girls but not boys,
with a statistically significant interaction between sex and being
black on wheeze (P 5 .02).

To further characterize the atopic phenotype within the
longitudinal wheeze phenotypes, we documented that the
presence of a positive specific IgE level to one of 5 inhalant
allergens (dust, cat, dog, cockroach, and mold) at age 3 years was
more than twice as high for those with persistent wheeze (45%)
compared with those with never/infrequent wheeze and early
wheeze (20% and 16%, respectively; see Table E6 in this article’s
Online Repository at www.jacionline.org). Similarly, the
prevalence of midchildhood (year 7) inhalant sensitization

http://www.jacionline.org


TABLE IV. Multinomial logistic regression for wheeze phenotypes stratified by sex (vs never/infrequent wheeze)*

Early transient wheeze Persistent wheeze

Girls (n 5 64) Boys (n 5 101) Girls (n 5 69) Boys (n 5 101)

Maternal asthma 2.03 (0.97-4.25) 3.59 (1.90-6.75) 2.13 (1.04-4.35) 2.21 (1.11-4.40)

Paternal asthma* 1.29 (0.59-2.83) 0.85 (0.35-2.09) 1.46 (0.68-3.15) 4.27 (2.33-7.83)

Household income >$70,000/y 0.78 (0.42-1.46) 0.85 (0.48-1.50) 0.72 (0.38-1.36) 0.72 (0.41-1.26)

Child race/ethnicity (vs white)

Black* 0.56 (0.21-1.53) 1.25 (0.57-2.76) 3.23 (1.55-6.75) 1.50 (0.73-3.09)

Hispanic 0.69 (0.13-3.59) 1.11 (0.35-3.53) 3.60 (1.06-12.17) 1.38 (0.47-4.08)

Other 0.83 (0.38-1.82) 1.27 (0.64-2.51) 1.39 (0.63-3.11) 0.96 (0.46-2.01)

Season of birth (vs winter)

Spring 0.93 (0.46-1.88) 1.74 (0.88-3.43) 0.98 (0.46-2.09) 0.87 (0.45-1.69)

Summer 0.54 (0.25-1.19) 1.36 (0.69-2.70) 0.85 (0.40-1.84) 0.82 (0.43-1.57)

Fall 0.52 (0.23-1.19) 1.30 (0.63-2.70) 0.67 (0.30-1.52) 0.86 (0.44-1.70)

Gestation length (wk) 0.93 (0.81-1.07) 1.05 (0.91-1.21) 0.97 (0.84-1.12) 0.92 (0.81-1.04)

Birth weight for gestational age (z score)* 0.76 (0.55-1.03) 1.13 (0.87-1.47) 0.83 (0.61-1.13) 1.11 (0.86-1.42)

Duration of breast-feeding (mo) 0.92 (0.86-0.98) 0.98 (0.92-1.03) 0.97 (0.91-1.03) 1.02 (0.97-1.08)

Environmental smoke exposure before age 1 y 1.73 (0.67-4.44) 1.02 (0.39-2.64) 1.96 (0.81-4.73) 2.16 (0.96-4.89)

Bronchiolitis before age 1 y 4.84 (2.34-9.98) 10.17 (5.47-18.93) 4.38 (2.03-9.45) 6.49 (3.29-12.79)

Atopic dermatitis before age 1 y 2.06 (1.04-4.09) 1.24 (0.69-2.23) 2.88 (1.54-5.38) 2.01 (1.16-3.49)

*Statistically significant interaction with sex on persistent wheeze.
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prevalence was 62%, 33%, and 40% among children with persis-
tent, early transient, and never/infrequent wheeze, respectively.
For both of these periods, inhalant sensitization prevalence is
up to 1.9 times in children with persistent wheeze compared
with the other wheeze phenotypes, whereas the prevalence of
sensitization is more similar among those with early transient
and never/infrequent wheeze. If food allergen sensitization and
any atopy (total IgE, >_100 IU/mL) are included in midchildhood,
the prevalence of sensitization is similar between the wheeze
phenotypes (see Table E6). For those with wheezing and current
asthma at year 7, the prevalence of any sensitization was similar
(approximately 65%).
DISCUSSION
In this large prebirth cohort study, we identified sex-specific

predictors of wheeze over the first 9 years of life, described
distinct longitudinal phenotypes of wheeze using latent class
analysis, and explored the sex-specific predictors of these wheeze
phenotypes. There were 3 key findings. First, although some risk
factors were associated with longitudinal reporting of wheeze in
both boys and girls in patterns consistent with previous studies,
paternal asthma had a greater association with wheeze in boys,
whereas black or Hispanic race/ethnicity had a greater association
in girls. Second, 3 longitudinal phenotypes of wheeze were
identified by using latent class analysis: never/infrequent wheeze,
early transient wheeze, and persistent wheeze. Finally, as well as
finding sexual dimorphism in longitudinal predictors of annual
reports of wheeze, we identified the same sex-specific risk factors
for the phenotype of persistent wheeze, namely paternal asthma
for boys and being black or Hispanic for girls.

Sexual dimorphism in asthma prevalence and asthma-related
morbidities is well documented.1-7 However, few longitudinal
cohorts have examined sex-specific risk factors for wheeze and
asthma. Furthermore, sex-specific risk factors for longitudinal
wheeze phenotypes have not been examined. In a smaller recent
study (n 5 499) of a birth cohort of children with a parental
history of atopy,13 we found that although maternal asthma was
a risk factor for wheeze in girls and boys, paternal asthma and
infant bronchiolitis were risk factors for boys only. In the current
study, by using a similar analysis but a cohort of children not
selected for risk of atopy and usingmultiple imputation to account
for missing covariates, paternal asthma, but not infant
bronchiolitis, showed a statistically significant sex-specific effect
on wheeze, although the effect sizes were higher in boys for
bronchiolitis. The differences between the 2 studies might be
due in part to analytic technique (no imputation vs imputation
of covariates), characteristics of the birth cohort (high risk for
atopy vs general population), and differences in sample sizes
(larger cohort in Project Viva, the current study).
Paternal history of asthma as a predictor of child

wheeze: Sexual dimorphism
Interestingly, paternal asthma was not only a predictor of any

wheeze in boys, it was also a predictor of persistent wheeze in
boys but not girls. Consistent with the findings of our current and
previous studies,13 another birth cohort documented that paternal
asthma was associated with asthma in boys.27 However, although
both our studies found that maternal asthma was associated with
wheeze in both sexes, they documented this association with
asthma among girls only, although the statistical interaction
between sex and maternal asthma was not significant. These
differences might reflect differences in the cohort composition
or methodological differences, including the use of parental
report of asthma as the outcome (vs wheeze in our studies) and
a longer follow-up to 18 years in their study.27 A recent study
demonstrated that paternal imprinting of a disintegrin and
metalloprotease 33 (ADAM33), a gene that has been associated
with asthma, was associated with the severity of airway
hyperreactivity in children with asthma,28 suggesting a parent-
of-origin–specific effect. However, this effect was not examined
in the context of the child’s sex. On the other hand, Naumova
et al29 recently documented that sex-specific DNA methylation
patterns in the promoter region of zona pellucida binding protein
2 (ZPBP2), a gene in the 17q12-21 region, were associated with
childhood asthma development. Taken together, these studies
suggest that the sex-specific effect of paternal asthma can result
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from complex interactions between genetic and epigenetic
factors. Our age-specific analysis demonstrated that the
association between paternal asthma and wheeze was greater
for children 5 years and older, further reinforcing the notion of
this risk factor for the persistent wheeze phenotype. The notion
that paternal asthma has a longer-lasting effect on wheeze has
been reported recently, although sex-specific effects were not
examined.30 Further studies are needed to elucidate the
mechanisms underlying this observation.
Infant bronchiolitis as a predictor of child wheeze
Our findings indicated that infant bronchiolitis was associated

with wheeze in both boys and girls and that this association was
strongest in the early ages for both sexes. Although the
interaction between sex and bronchiolitis was not statistically
significant, the effect of infant bronchiolitis on wheeze in boys
was consistently higher than for girls. This is true of infant
bronchiolitis as a predictor of wheeze and of the wheeze
phenotypes (specifically for early transient wheeze and persistent
wheeze). This finding is consistent with our previous study, in
which we reported an association between infant bronchiolitis
and wheeze in boys only. Although studies document a higher
incidence of bronchiolitis in male infants worldwide31,32 and a
higher prevalence of wheeze among infants who had bronchioli-
tis,33,34 few studies examined the sex-specific effects of infant
bronchiolitis on future wheeze. Consistent with our findings,
Valkonen et al35 documented a higher risk of asthma develop-
ment at 3-year follow-up in boys with a history of bronchiolitis
compared with girls. Another study reported increased airway
hyperresponsiveness in boys 11 years after infant bronchiolitis.36

Further studies are needed to elucidate the mechanisms underly-
ing this association.
Black and Hispanic race/ethnicity as predictors of

wheeze: Sexual dimorphism
We found that that being black or Hispanic had a greater effect

on wheeze among girls than boys. It was also a predictor of
persistentwheeze in girls only, although further studies are needed
to confirm this finding given the relatively small numbers of racial/
ethnic minorities in each wheeze phenotype group after stratifi-
cation by sex. The higher prevalence of wheeze and asthma is well
documented among black compared with white children.37-40

Among Hispanic groups, a wide range in asthma prevalence has
been documented, with Puerto Ricans and Mexicans having
higher and lower prevalence, respectively.39 Interestingly, among
Puerto Rican childrenwith asthma, a higher percentage ofAfrican
ancestry has been associated with decreased lung function.41 Of
note, Borrell et al42 showed that the effect of obesity on asthma
control differed by race/ethnicity in girls, with obese African
American girls having better controlled asthma compared with
their normal-weight counterparts, whereas Mexican American
girls had worse asthma control. This interaction between obesity
and race/ethnicity was not seen in boys. Another study in children
with asthma showed larger lung function deficits in Hispanic girls
compared with non-Hispanic white girls, whereas this was not
statistically significant in boys.43 Taken together, these studies
support our findings by suggesting that race/ethnicity can have a
sex-specific effect on wheeze and asthma, likely interacting with
other environmental and genetic factors.
Immune phenotypes play an important role in the overall
asthma phenotype of the patient, with atopy being a well-
documented risk factor of persistent wheeze. In this study we
used infant atopic dermatitis as a measure of the immune
phenotype of the child. Atopic dermatitis was associated with
any wheeze and persistent wheeze in both sexes. Interestingly,
although atopic dermatitis was associated with wheeze across age
categories in girls, it was more strongly associated with wheeze in
later ages in boys, suggesting that other factors, such as
bronchiolitis, might be more important in early life. Furthermore,
although we did not have data on cord blood IgE levels, as
consistent with the existing literature,44 we documented a
doubled prevalence of inhalant sensitization in early childhood
and midchildhood among children with persistent wheeze
compared with never/infrequent or early wheeze. Specifically,
inhalant allergen sensitization might be more indicative of the
wheeze phenotype because the prevalence of sensitization was
similar between the wheeze phenotypes when food allergen
sensitization was also considered.

Three wheeze phenotypes were identified in Project Viva.
Although this is consistent with other birth cohorts, some have
identified intermediate- and late-onset wheeze as additional
phenotypes, such as the Avon Longitudinal Study of Parents
and Children and Prevention and Incidence of Asthma and Mite
Allergy cohorts.14 Although the probability of wheeze in the
persistent wheeze group remains relatively high (50% to 90%,
Fig 2), we noted that this probability also increased with age.
Thus it is possible that we were unable to differentiate children
with intermediate- and late-onset wheeze from those identified
as having persistent wheeze in our cohort. This might be due to
the relatively smaller sample size compared with the reported
cohorts. Furthermore, differences in identification of subgroups
can stem from the composition of the birth cohort and
methodological differences. Although latent class mixed models
analysis allows the use of exact ages at the time of outcome
assessment, other similar analyses, such as longitudinal latent
class analysis, do not. Furthermore, because latent class analysis
relies on the availability of longitudinal data, differences in the
completeness of the data and the length of follow-up of the cohort
might partly explain these discrepancies.

Although we focused on the outcome of wheeze in this study, it
would be interesting to examine sex-specific risk factors of
physician-diagnosed asthma and wheeze without an asthma
diagnosis. In the Project Viva cohort, at questionnaire year 7,
the prevalence of wheeze in the past 12 months and current
asthmawere concordant (16.4% and 19.2%, respectively). That is
to say, by age 7 years, very few children with wheeze did not have
an asthma diagnosis. Thus we expect that an analysis with
physician-diagnosed asthma would yield similar results, but
further studies are needed to confirm this hypothesis. Because
the prevalence of potentially undiagnosed asthma is likely low
overall, an analysis with this outcome might not be adequately
powered in this cohort.

Our study has several strengths. First, we analyzed data from a
large prebirth cohort with regular assessment of respiratory
symptoms. Compared with our previous study using the Home
Allergens cohort,13 children in Project Viva are not selected for
high risk of atopy, making the results of this study more
generalizable to a general population. The use of longitudinal
data has several advantages, including regular data collection
with short intervals minimizing recall bias and the possibility of
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following an individual’s symptoms over time. In addition,
although predictors of wheeze are of epidemiologic importance,
this study also identified distinct phenotypes of wheeze based
on each subject’s reports and examined the sex-specific predictors
of these phenotypes. Being able to predict the trajectory of a
child’s symptoms using sociodemographic factors, family history,
and early-life events is of clinical and prognostic value. Finally,
we used multiple imputation for predictors and covariates in
this study to deal with missing data, which maximizes statistical
power and improves generalizability of the results to the
population sampled by this study. Additionally, the results of
the study, including the effect sizes of the risk factors, were
similar with and without imputation, further validating the
appropriate use of the multiple imputation technique. We chose
not to impute the outcome of wheeze because it is difficult to
be certain that missing outcomes are not missing completely at
random in a longitudinal study, in which case multiple
imputations would not be valid. To further validate the absence
of obvious bias, we found no correlation between missing data
at year 9 and previous reports of wheeze at years 1, 3, 5, and 7
and found that the baseline characteristics of the subjects with
at least 1 wheeze outcome (n 5 1623) and those with 1 or more
wheeze outcomes at 5 years or less and 1 or more wheeze
outcomes at greater than 5 years (n5 1295) were similar to those
of the Project Viva cohort (n 5 2128).

One limitation of this study is that the cohort was mostly white
and relatively well-off (almost 60% had a yearly household
income >$70,000 at enrollment during pregnancy), which might
limit the generalizability of the findings to other populations with
a different composition. The assessment of the outcome was
based on parental reports but not validated with clinical records.
In this cohort more boys wheezed than girls, with a total of 64 and
69 girls identified as having early transient and persistent wheeze,
respectively. Thus it is possible that there was limited power to
examine predictors of distinct wheeze phenotypes, and future
larger studies are needed to confirm the current findings. Finally,
given that infant bronchiolitis was associated with wheeze,
having data on the viruses associated with bronchiolitis might
further provide insight on the mechanism leading to wheeze in
children. In particular, respiratory syncytial virus and, more
recently, rhinovirus C have been associated with recurrent
wheezing illness45,46 and an increased prevalence of subsequent
asthma.34,47 However, we did not have data on the specific viruses
that caused bronchiolitis in infancy.

In conclusion, using a large birth cohort of children followed
through preadolescence, we identified sex-specific risk factors for
wheeze and for distinct phenotypes of wheeze. These predictors
can have clinical and prognostic significance. Future studies are
needed to examine the mechanisms underlying these sex-specific
effects.

Clinical implications: This study found sex-specific predictors
of wheeze and longitudinal wheeze patterns, including paternal
asthma and race/ethnicity. These findings can have prognostic
value in the care of children with asthma.
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TABLE E1. Baseline characteristics of subjects with and without MI (n 5 1623)

Characteristic

With MI data

Girls vs

boys

(P value)

Missing

values

Without MI data

Total

(n 5 1623)

Girls

(n 5 778)

Boys

(n 5 845)

Total

(n 5 1623)

Girls

(n 5 778)

Boys

(n 5 845)

No. (%) No. (%)

Maternal smoking status .27 12

Never 1119 (69.0) 544 (70.0) 575 (68.0) 1111 (69.0) 540 (69.9) 571 (68.1)

Former 321 (19.8) 156 (20.1) 165 (19.5) 319 (19.8) 155 (20.1) 164 (19.5)

Smoked during pregnancy 182 (11.2) 77 (9.9) 105 (12.5) 181 (11.2) 77 (10.0) 104 (12.4)

Maternal asthma 219 (13.5) 110 (14.2) 109 (12.9) .45 8 218 (13.5) 110 (14.2) 108 (12.9)

Maternal hay fever 487 (30.0) 232 (29.8) 255 (30.1) .88 8 484 (30.0) 231 (29.8) 253 (30.1)

Maternal eczema 210 (12.9) 96 (12.4) 114 (13.4) .52 7 209 (12.9) 96 (12.4) 113 (13.5)

Paternal asthma 191 (11.8) 85 (10.9) 106 (12.6) .31 48 185 (11.7) 82 (10.8) 103 (12.6)

Paternal hay fever 430 (26.5) 208 (26.8) 222 (26.2) .77 79 411 (26.6) 199 (27.0) 212 (26.3)

Paternal eczema 96 (5.9) 41 (5.3) 55 (6.5) .34 51 93 (5.9) 40 (5.3) 53 (6.5)

Household income >$70,000/y 966 (59.5) 456 (58.6) 510 (60.3) .50 159 917 (62.6) 437 (60.9) 480 (64.3)

Child race/ethnicity .31 2

Black 254 (15.7) 114 (14.7) 140 (16.6) 254 (15.7) 114 (14.7) 140 (16.6)

Hispanic 86 (5.3) 35 (4.5) 51 (6.0) 86 (5.3) 35 (4.5) 51 (6.0)

White 1049 (64.6) 518 (66.5) 532 (62.9) 1048 (64.7) 517 (66.5) 531 (62.9)

Other 233 (14.4) 111 (14.3) 122 (14.5) 233 (14.4) 111 (14.3) 122 (14.5)

Season of birth .98 0

Winter 410 (25.3) 199 (25.6) 211 (25.0) 410 (25.3) 199 (25.6) 211 (25.0)

Spring 430 (26.5) 207 (26.6) 223 (26.4) 430 (26.5) 207 (26.6) 223 (26.4)

Summer 426 (26.2) 201 (25.8) 225 (26.6) 426 (26.2) 201 (25.8) 225 (26.6)

Fall 357 (22.0) 171 (22.0) 186 (22.0) 357 (22.0) 171 (22.0) 186 (22.0)

Mean (SD) Mean (SD)

Gestation length (wk) 39.5 (1.9) 39.5 (1.8) 39.4 (1.9) .47 0 39.5 (1.9) 39.5 (1.8) 39.4 (1.9)

Birth weight for gestational

age, (z score)

0.20 (0.96) 0.18 (0.94) 0.21 (0.98) .60 1 0.20 (0.96) 0.18 (0.94) 0.21 (0.98)

Duration of breast-feeding (mo) 6.0 (4.6) 6.1 (4.6) 5.9 (4.6) .42 127 6.2 (4.6) 6.2 (4.6) 6.1 (4.6)

No. (%) No. (%)

Environmental smoke exposure

before age 1 y

149 (9.2) 71 (9.1) 78 (9.3) .92 208 109 (7.7) 54 (7.8) 55 (7.6)

Bronchiolitis before age 1 y 243 (15.0) 96 (12.3) 147 (17.4) .01 324 171 (13.2) 64 (10.0) 107 (16.2)

Atopic dermatitis before age 1 y 369 (22.8) 162 (20.8) 207 (24.5) .10 325 290 (22.3) 132 (20.8) 158 (23.9)

Note: We did not use imputed outcome data for this article.

MI, Multiple imputation.
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TABLE E2. Baseline characteristics of subjects assigned to a wheeze phenotype with and without MI (n 5 1295)

Characteristic

With MI data

Girls vs

boys

(P value)

Missing

values

Without MI data

Total

(n 5 1295)

Girls

(n 5 630)

Boys

(n 5 665)

Total

(n 5 1295)

Girls

(n 5 630)

Boys

(n 5 665)

No. (%) No. (%)

Maternal smoking status .12 6

Never 910 (70.3) 456 (72.4) 454 (68.2) 906 (70.3) 454 (72.4) 452 (68.3)

Former 262 (20.2) 124 (19.6) 138 (20.8) 261 (20.2) 123 (19.6) 138 (20.8)

Smoked during pregnancy 123 (9.5) 50 (7.9) 73 (11.0) 122 (9.5) 50 (8.0) 72 (10.9)

Maternal asthma 166 (12.8) 85 (13.6) 80 (12.1) .43 5 165 (12.8) 85 (13.5) 80 (12.1)

Maternal hay fever 392 (30.2) 191 (30.3) 201 (30.2) .96 5 390 (30.2) 190 (30.3) 200 (30.2)

Maternal eczema 167 (12.9) 77 (12.3) 89 (13.4) .53 4 166 (12.9) 77 (12.3) 89 (13.4)

Paternal asthma 155 (12.0) 76 (12.0) 80 (12.0) .99 35 151 (12.0) 73 (11.9) 78 (12.0)

Paternal hay fever 343 (26.5) 171 (27.1) 173 (26.0) .64 59 329 (26.6) 163 (27.2) 166 (26.1)

Paternal eczema 79 (6.1) 36 (5.7) 43 (6.5) .58 35 77 (6.1) 35 (5.7) 42 (6.5)

Household income >$70,000/y 804 (62.1) 382 (60.7) 422 (63.5) .32 97 772 (64.4) 369 (62.4) 403 (66.4)

Child race/ethnicity .65 1

Black 172 (13.3) 82 (13.1) 90 (13.5) 172 (13.3) 82 (13.0) 90 (13.5)

Hispanic 52 (4.0) 21 (3.3) 31 (4.7) 52 (4.0) 21 (3.3) 31 (4.7)

White 881 (68.0) 433 (68.7) 448 (67.4) 880 (68.0) 432 (68.7) 448 (67.4)

Other 190 (14.7) 94 (14.9) 96 (14.4) 190 (14.7) 94 (14.9) 96 (14.4)

Season of birth .96 0

Winter 332 (25.6) 159 (25.2) 173 (26.0) 332 (25.6) 159 (25.2) 173 (26.0)

Spring 328 (25.3) 163 (25.9) 165 (24.8) 328 (25.3) 163 (25.9) 165 (24.8)

Summer 350 (27.0) 168 (26.7) 182 (27.4) 350 (27.0) 168 (26.7) 182 (27.4)

Fall 285 (22.0) 140 (22.2) 145 (21.8) 285 (22.0) 140 (22.2) 145 (21.8)

Mean (SD) Mean (SD)

Gestation length (wk) 39.5 (1.8) 39.5 (1.8) 39.4 (1.8) .41 0 39.5 (1.8) 39.5 (1.8) 39.4 (1.8)

Birth weight for gestational

age (z score)

0.19 (0.97) 0.19 (0.93) 0.18 (0.99) .87 1 0.19 (0.97) 0.19 (0.93) 0.18 (1.00)

Duration of breast-feeding (mo) 6.4 (4.6) 6.4 (4.6) 6.4 (4.6) .82 53 6.5 (4.6) 6.4 (4.6) 6.5 (4.6)

No. (%) No. (%)

Environmental smoke exposure

before age 1 y

109 (8.4) 55 (8.7) 54 (8.1) .69 91 88 (7.3) 46 (7.8) 42 (6.9)

Bronchiolitis before age 1 y 188 (14.5) 74 (11.7) 114 (17.1) .01 168 147 (13.0) 56 (10.1) 91 (15.9)

Atopic dermatitis before age 1 y 297 (22.9) 135 (21.4) 162 (24.3) .23 168 252 (22.4) 117 (21.1) 135 (23.6)

Note: We did not use imputed outcome data for this article.

MI, Multiple imputation.
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TABLE E3. Number of subjects with 1 to 9 wheeze outcomes

available (n 5 1623)

No. of wheeze outcomes Total Girls Boys

1 116 54 62

2 128 56 72

3 112 48 64

4 112 54 58

5 150 67 83

6 174 87 87

7 180 82 98

8 250 126 124

9 401 204 197

Total 1623 778 845
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TABLE E4. Baseline characteristics of the Project Viva cohort (n 5 2128), those with at least 1 parental report of wheeze outcome

on questionnaire years 1 to 9 (n 5 1623, imputed data), and those included with at least 1 wheeze outcome at 5 years or less and

at least 1 wheeze outcome at greater than 5 years (n 5 1295, imputed data)

Project Viva cohort (n 5 2128)

Subset with >1 wheeze

outcome (n 5 1623) Subset with >1 wheeze outcome <_5 y and

>1 wheeze outcome at >5 y (n 5 1295)No. (%)

Maternal smoking status

Never 1458 (68.5) 1119 (69.0) 910 (70.3)

Former 401 (18.9) 321 (19.8) 262 (20.2)

Smoked during pregnancy 269 (12.6) 182 (11.2) 123 (9.5)

Maternal asthma 286 (13.4) 219 (13.5) 166 (12.8)

Maternal hay fever 605 (28.4) 487 (30.0) 392 (30.2)

Maternal eczema 273 (12.9) 210 (12.9) 166 (12.9)

Paternal asthma 244 (11.5) 191 (11.8) 155 (12.0)

Paternal hay fever 545 (25.6) 430 (26.5) 343 (26.5)

Paternal eczema 121 (5.7) 96 (5.9) 79 (6.1)

Household income >$70,000/y 1229 (57.8) 966 (59.5) 804 (62.1)

Child race/ethnicity

Black 357 (16.8) 254 (15.7) 172 (13.3)

Hispanic 129 (6.1) 86 (5.3) 52 (4.0)

White 1355 (63.7) 1049 (64.6) 881 (68.0)

Other 288 (13.5) 233 (14.4) 190 (14.7)

Season of birth

Winter 521 (24.5) 410 (25.3) 332 (25.6)

Spring 557 (26.2) 430 (26.5) 328 (25.3)

Summer 579 (27.2) 426 (26.2) 350 (27.0)

Fall 471 (22.1) 357 (22.0) 285 (22.0)

Mean (SD)

Gestation length (wk) 39.4 (2.0) 39.5 (1.9) 39.5 (1.8)

Birth weight for gestational age (z score) 0.17 (0.97) 0.20 (0.96) 0.19 (0.97)

Duration of breast-feeding (mo) 5.6 (4.5) 6.0 (4.6) 6.4 (4.6)

No. (%)

Environmental smoke exposure before age 1 y 200 (9.4) 149 (9.2) 108 (8.4)

Bronchiolitis before age 1 y 317 (14.9) 243 (15.0) 189 (14.6)

Atopic dermatitis before age 1 y 482 (22.7) 369 (22.8) 297 (22.9)
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TABLE E5. Age- and sex-specific predictors of any wheeze

<5 y >_5 y

Girls (n 5 754),

OR (95% CI)

Boys (n 5 819),

OR (95% CI)

Girls (n 5 669),

OR (95% CI)

Boys (n 5 712),

OR (95% CI)

Maternal asthma 2.09 (1.56-2.81) 2.14 (1.62-2.83) 1.73 (1.22-2.44) 1.40 (1.01-1.94)

Paternal asthma* 1.68 (1.21-2.34) 1.60 (1.20-2.15) 1.35 (0.92-1.98) 3.12 (2.31-4.21)

Household income >$70,000/y 0.70 (0.54-0.92) 0.80 (0.63-1.00) 1.05 (0.78-1.42) 0.74 (0.56-0.96)

Child race/ethnicity (vs white)

Black 1.94 (1.39-2.71) 1.42 (1.05-1.93) 3.05 (2.11-4.41) 1.79 (1.28-2.51)

Hispanic 2.75 (1.56-4.88) 1.42 (0.90-2.23) 4.19 (2.29-7.70) 1.95 (1.15-3.30)

Other 1.21 (0.88-1.67) 1.13 (0.85-1.51) 1.26 (0.87-1.82) 0.94 (0.67-1.30)

Season of birth (vs winter)

Spring 0.95 (0.70-1.29) 1.28 (0.98-1.66) 0.92 (0.65-1.30) 0.86 (0.63-1.16)

Summer 0.67 (0.48-0.92) 0.92 (0.70-1.21) 0.62 (0.43-0.90) 0.75 (0.55-1.03)

Fall 0.66 (0.48-0.92) 1.20 (0.90-1.59) 0.76 (0.53-1.10) 0.98 (0.72-1.35)

Gestation length (wk) 0.93 (0.88-0.99) 0.95 (0.90-1.00) 0.95 (0.88-1.01) 0.94 (0.88-0.99)

Birth weight for gestational age (z score) 0.86 (0.76-0.98) 1.11 (1.00-1.24) 0.96 (0.83-1.11) 1.00 (0.89-1.13)

Duration of breast-feeding (mo) 0.94 (0.92-0.97) 0.99 (0.97-1.02) 0.97 (0.94-1.00) 1.02 (1.00-1.05)

Environmental smoke exposure before age 1 y 1.40 (0.93-2.12) 1.38 (0.96-2.00) 1.28 (0.76-2.15) 1.59 (1.04-2.42)

Bronchiolitis before age 1 y� 5.11 (3.75-6.96) 5.98 (4.58-7.81) 2.20 (1.50-3.24) 2.73 (1.99-3.74)

Atopic dermatitis before age 1 y* 1.70 (1.28-2.26) 1.29 (1.02-1.64) 1.77 (1.29-2.43) 1.93 (1.49-2.51)

Child age at outcome (y) 0.96 (0.87-1.06) 0.93 (0.86-1.01) 0.99 (0.91-1.07) 0.92 (0.85-0.99)

*Significant interaction with child’s age in boys.

�Significant interaction with child’s age in girls and boys.
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TABLE E6. Allergen sensitization in early childhood and midchildhood and wheeze phenotypes*

Never/infrequent

wheeze, no. (%)

Early transient

wheeze, no. (%)

Persistent

wheeze, no. (%)

Sensitization to any inhalant allergen in early childhood (year 3)� 99 (20) 14 (16) 40 (45)

Sensitization to any inhalant allergen in midchildhood (year 7)� 178 (40) 23 (33) 50 (62)

Sensitization to any allergen (inhalant and food) in midchildhood (year 7)§ 230 (52) 36 (51) 54 (67)

*A total of 655 subjects had sensitization data in early childhood (year 3) and a wheeze phenotype (489 with never/infrequent wheeze, 87 with early transient wheeze, and 89 with

persistent wheeze). A total of 595 subjects had sensitization data in midchildhood (year 7) and a wheeze phenotype (444 with never/infrequent wheeze, 70 with early transient

wheeze, and 81 with persistent wheeze).

�Inhalant allergens in early childhood include dust, cat, dog, cockroach, and mold. A subject is considered sensitized if the specific IgE level is greater than 0.35 IU/mL.

�Inhalant allergens in midchildhood include Dermatophagoides farinae, cat, dog, rye grass, cockroach, Aspergillus species, Alternaria species, and ragweed. A subject is

considered sensitized if the specific IgE level is greater than 0.35 IU/mL.

§Food allergens in midchildhood include egg white, milk, soybean, wheat, and peanut. A subject is considered sensitized if the specific IgE level is greater than 0.35 IU/mL or the

total IgE level is 100 IU/mL or greater.
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