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Background: Few prospective data link early childhood
adiposity with asthma-related symptoms.
Objective: We sought to examine the associations of weight-for-
length (WFL) at age 6 months with incidence of wheezing by age 3
years.
Methods: We studied 932 children in a prospective cohort of
children. The main outcome was recurrent wheezing, which was
defined as parents’ report of wheezing between 2 and 3 years of
age plus wheezing in either year 1 or 2 of life. Secondary
outcomes included any wheezing from 6 months to 3 years and
current asthma. We used multiple logistic regression to examine
associations of 6-month WFL z scores with these outcomes.
Results: At 6 months, the infants’ mean WFL z score was 0.68
(SD, 0.94; range 22.96 to 3.24). By age 3 years, 14% of children
had recurrent wheezing. After adjustment for a variety of
potential confounders, we found that each 1-unit increment in
6-month WFL z score was associated with greater odds of
recurrent wheezing (odds ratio [OR], 1.46; 95% CI, 1.11-1.91)
and any wheezing (OR, 1.23; 95% CI, 1.03-1.48). We observed a
weaker association between 6-month WFL z score and current
asthma (OR, 1.22; 95% CI, 0.94-1.59).
Conclusion: Infants with higher WFL z scores at 6 months of
age had a greater risk of recurrent wheezing by age 3 years. It is
unclear whether the relationship of infant adiposity and early-
life wheeze extends to allergic asthma or wheeze that can persist
into later childhood. Our findings suggest that early
interventions to prevent excess infant adiposity might help
reduce children’s risk of asthma-related symptoms. (J Allergy
Clin Immunol 2008;121:1161-6.)
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Asthma, the most common cause of chronic childhood disease
in the United States, is the pediatric diagnosis most frequently
resulting in admission to hospitals1 and school absences.2 The di-
agnosis of asthma is difficult in infants and toddlers given their
age and the frequency of isolated wheezing for other reasons
(eg, respiratory tract infections). Nevertheless, evidence suggests
that half of all cases of childhood asthma are diagnosed by age 3
years, and 80% of all cases of childhood asthma are diagnosed by
age 6 years.3,4 Thus it is important to investigate possible early-
life risk factors for asthma incidence.

The prevalence of obesity in children has increased concur-
rently with asthma in the last 20 years.5-7 Several cross-sectional8-18

and longitudinal19-23 studies have found direct associations
between higher body mass index (BMI) and airway hyperrespon-
siveness, wheeze, or asthma in children. There is, however, heter-
ogeneity in the literature with regard to the relationship between
BMI and asthma among boys and girls. In one longitudinal study
of BMI and asthma-related outcomes in children, Gold et al21

studied 9828 children aged 6 to 14 years participating in the
Six-City Study. Over a median follow-up time of 5 years, obesity
was associated with the development of asthma among girls in the
study. In boys the authors observed a bimodal relationship, with
an increase in asthma incidence observed in both the lowest and
highest BMI quintiles. The cause of the heterogeneity in the sex
dependence of this relationship is not clear.

All but one of the existing prospective studies assessed asthma
outcomes in school-age children or later, whereas the incidence of
asthma peaks in younger children. The one exception was a study
of 1232 adults born between 1974 and 1978 in Chile.23 In that
study Rona et al23 found that a rapid rate of growth in length,
but not weight, in the first year of life was associated with wheez-
ing in adulthood. The study is likely not generalizable to the
United States in the 21st century because it was done in an era
when infant malnutrition was prevalent in Chile. In addition,
the authors did not study adiposity and were unable to adjust
for several prenatal and postnatal factors thought to be associated
with asthma, including exposure to cigarette smoke in utero and
during the first year of life and family history of asthma.

The pathophysiologic basis for an association linking excess
adiposity to risk of asthma is a topic of active investigation.24,25

Proposed mechanisms include direct effects of obesity on
mechanical functioning of the lung,26 changes in the immune or
inflammatory responses directly27-29 or through genetic mecha-
nisms,30 sex-specific influences relating to hormones,25 and
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gastric reflux.31 In children, other factors, such as infant feeding,
might be mutually correlated with obesity and asthma and need to
be accounted for in analyses.

The purpose of this study was to examine the longitudinal
association of infant weight-for-length (WFL), a proxy of
adiposity, with incidence of wheezing by age 3 years. WFL
reflects body weight relative to length and is a proxy for adiposity
among infants and young children younger than 24 months.32 An
increase in WFL over time indicates that a child’s weight has in-
creased out of proportion to his or her increase in length and sug-
gests that the child has experienced an increase in adiposity. We
hypothesized that higher adiposity and, secondarily, infant growth
would be associated with increased risk of incident asthma among
both boys and girls.

METHODS

Study design and participants
Study subjects were participants in Project Viva, a prospective observational

cohort study of gestational diet, pregnancy outcomes, and offspring health.33

Details of recruitment, eligibility, and retention procedures are available else-

where.33 Fig E1 (available in the Online Repository of www.jacionline.org)

shows a detailed description of our process for including participants in the cur-

rent analysis. Our sample size for analysis was 932 infants.

After obtaining informed consent, we performed in-person study visits with

the mothers during pregnancy and with both the mothers and their infants

immediately after delivery and at 6 months and 3 years postpartum. The

participating mothers completed mailed questionnaires at 1 and 2 years

postpartum, on which they updated the information on their child’s wheezing

status. Institutional review boards of participating institutions approved the

study, and all procedures were in accordance with the ethical standards for

human experimentation established by the Declaration of Helsinki.

Measurements
Main exposure. We measured the children’s weight at 6 months by using a

digital scale (Seca model 881; Seca Corp, Hanover, Md) and measured length

at birth and 6 months with a calibrated stadiometer (Shorr Productions, Olney,

Md). We obtained infant birthweight from the hospital clinical record. We

calculated WFL and converted the values into age- and sex-specific WFL

z score percentiles by using US national reference data.34 z Scores are typically

used for WFL to adjust for child’s age and sex through the use of national ref-

erence data. z Scores indicate how many SDs someone is above or below the

mean. A z score of 0 indicates that a child is of average WFL (50th percentile),

a z score of 21.0 indicates a child is 1 SD below the mean, and a z score of 1.0

indicates a child is 1 SD above the mean. We ranked WFL z score percentiles

into quartiles for male and female subjects. Research assistants performed all

measurements following standardized techniques and participated in biannual

in-service training to ensure measurement validity (IJ Shorr, Shorr Produc-

tions).35 Interrater and intrarater measurement errors were well within pub-

lished reference ranges for all measurements (example for length: rater 1,

0.22 cm; rater 2, 0.35 cm; rater 3, 0.19 cm; rater 4, 0.25 cm; between raters,

0.29 cm).36 Our main exposure was WFL z score at 6 months adjusted for birth-

weight, a measure of attained adiposity. Among a subsample of 569 infants for

whom we had measured length at birth, we also examined change in WFL and

change in length-for-age in the first 6 months of life as measures of growth.
Outcome measures. We ascertained the wheeze outcomes from questions

from the first-year, second-year, and third-year questionnaires: ‘‘Since your

child was born/Since your child was 12 months old/Since your child was

2 years old, has he/she ever had wheezing (or whistling in the chest)?’’ The

primary outcome was recurrent wheezing, which was defined as parents’ re-

port of wheezing on the 3-year questionnaire plus wheezing on either the first-

or second-year questionnaires. If the child had a positive response at the 3-year

questionnaire but a negative response on the other questionnaires, he or she

was excluded from the analysis for recurrent wheeze, making the comparison

group for the recurrent wheeze outcome the children who never wheezed in the

first 3 years of life.

Secondary wheeze outcomes included (1) any wheezing (or whistling in the

chest) from 6 months to 3 years of age, which was defined as parents’ report of

wheezing symptoms anytime from 6 months to age 3 years, and (2) current

asthma defined, which was defined as parents’ report of a physician’s diagnosis

of asthma, wheeze, or reactive airway disease at any time between birth and

age 3 years plus current wheeze between 2 and 3 years of age.

In a subset from whom we collected blood specimens at age 3 years, we

examined a related outcome: wheezing with or without atopy at age 3 years.

Based on previously published definitions,37,38 we defined wheezing plus

atopy as recurrent wheezing plus either total IgE levels of the 75th percentile

or greater of the distribution (�75.6 IU/mL) or at least 1 detectable allergy-

specific IgE level (�0.35 IU/mL). We defined wheezing without atopy as

recurrent wheezing plus none of these 2 factors. More details regarding the

subsample of participants in this analysis, and the methods for collecting

and analyzing IgE are presented in the Methods section of the Online Repos-

itory at www.jacionline.org.

Other measures. We also measured maternal age, height, weight, educa-

tion, household income, smoking during pregnancy, passive smoking expo-

sure in the first year of life, duration of breast-feeding, paternal height and

weight, maternal and paternal history of asthma, and the number of children

under the age of 12 years living in the household. We calculated gestational

age and determined birthweight for gestational age z values by use of US na-

tional reference data.39 We calculated maternal vitamin D intake from a vali-

dated semiquantitative food frequency questionnaire during pregnancy.40,41

An expanded section on other measures is presented in the Methods section

of the Online Repository.

Statistical analysis
We first examined the bivariate relationships of 6-month WFL z scores with

other covariates and our main outcome, recurrent wheezing. We then used

multiple logistic regression models to assess the independent effects of

6-month WFL z scores on our main outcome. We initially performed all anal-

yses separately by sex, but because the results were similar, we combined the

regression analyses and adjusted for sex. In multivariable models we included

only those covariates that were of a priori interest or confounded associations

of 6-month WFL z scores with our wheeze outcomes. We first adjusted for age

(at 3-year assessment) and sex only. The multivariable model included child’s

age, sex, birthweight, race/ethnicity, and passive exposure to smoking during

the first year of life; mother’s prepregnancy BMI, vitamin D intake during

pregnancy, and breast-feeding status at 6 months; father’s BMI; household in-

come; number of children younger than 12 years living in the household; and

maternal and paternal history of asthma.

In subgroup analyses of the 569 infants for whom we had measured length

at birth, we used WFL z score at 6 months adjusted for WFL z score at birth as a

measure of change in WFL in the first 6 months of life. Likewise, we used

length-for-age z score at 6 months adjusted for length-for-age z score at birth

as a measure of change in length-for-age in the first 6 months of life. For all

results, we report odds ratios (ORs) and 95% CIs for the main predictor.

Finally, we further examined the association of 6-month WFL z score with 2

outcomes: (1) atopy alone (ie, total IgE �75th percentile or at least 1 detectable

allergy-specific IgE level) and (2) wheezing plus atopy. For the analyses of wheez-

ing plus atopy, we created a 4-level outcome based on the presence or absence of

recurrent wheeze and atopy; the comparison group was composed of those who

did not have recurrent wheezing and were not atopic. We used multinomial logis-

tic regression and conducted all analyses with SAS, version 9.1 (Cary, NC).

http://www.jacionline.org
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TABLE I. Characteristics of 932 infants in Project Viva according to quartiles of the infants’ 6-month WFL z scores

Quartile of 6-mo WFL z score

Overall 1 2 3 4

P value

for trend

N 932 232 233 234 233

Mean 0.68 20.39 0.37 0.99 1.78

Mother and family

Maternal age at enrollment (y) 32.6 (4.8) 33.0 (4.7) 32.4 (4.8) 32.4 (5.0) 32.5 (5.0) .25

Prepregnancy BMI (kg/m2) 24.3 (4.9) 23.6 (4.5) 24.3 (5.0) 24.4 (4.6) 25.0 (5.5) .003

Gestational weight gain (kg) 15.7 (5.3) 15.6 (5.7) 15.6 (4.9) 15.6 (5.0) 16.1 (5.5) .33

Paternal BMI (kg/m2) 26.3 (3.8) 26.0 (3.9) 26.4 (3.8) 25.9 (3.2) 26.8 (4.0) .10

College graduate or more (%) 74 81 69 76 71 .08

Household income >$70,000/y (%) 67 71 69 65 64 .10

Mother smoked during index pregnancy (%) 9 10 9 7 10 .91

Maternal history of asthma (%) 15 15 17 17 12 .38

Paternal history of asthma (%) 15 16 15 15 14 .69

Maternal Vitamin D intake during pregnancy (IU) 550 (161) 569 (149) 542 (164) 549 (175) 541 (155) .11

Child and home environment

Boy (%) 50 50 50 50 50 .98

White (%) 70 69 66 78 69 .40

Birthweight 3.53 (0.51) 3.51 (0.54) 3.44 (0.48) 3.53 (0.48) 3.64 (0.51) .002

Gestational age at birth (wk) 39.7 (1.4) 39.8 (1.4) 39.6 (1.5) 39.7 (1.5) 39.7 (1.4) .89

Birthweight for gestational age z score (fetal growth) 0.23 (0.94) 0.18 (1.00) 0.07 (0.85) 0.23 (0.92) 0.45 (0.95) .0004

Breast-milk feeding at 6 mo (%) 52 64 51 50 45 <.0001

Passive smoke exposure at home (%) 7 4 6 9 7 .08

Recurrent wheezing (%) 14 10 13 18 17 .01

Any wheezing (%) 30 23 27 37 31 .01

Current asthma (%) 13 10 11 16 13 .23

No. of children <12 y living in home 1.66 (0.76) 1.65 (0.83) 1.66 (0.74) 1.66 (0.74) 1.65 (0.75) .95

Furry pet at home (%) 42 41 42 43 42 .76

Home cockroach exposure (%) 5 6 5 3 4 .20

Moisture or mildew in home (%) 24 27 21 27 21 .30

Values are presented as n (%) or mean (SD) where shown.
RESULTS
In this study half of the children were male (50%), and 30%

were nonwhite. At birth, their mean birthweight was 3.53 kg (SD,
0.51 kg), with a mean gestational age of 39.7 weeks (SD, 1.4
weeks). At 6 months, the infants’ mean WFL z score was 0.68
(SD, 0.94; range, 22.96 to 3.24). Mean WFL z score at birth was
0.47 (SD, 0.76); mean length-for-age z score was 0.02 (SD, 0.83)
at birth and 20.04 (SD, 0.86) at 6 months of age. The mean
change in WFL z score from birth to 6 months of age was 0.21
(SD, 1.08). At 6 months, 52% of children were being fed breast
milk. Most mothers (74%) had at least a college education, and
67% lived in households with an annual income of more than
$70,000; 15% of mothers and 15% of fathers had a previous his-
tory of physician-diagnosed asthma. By age 3 years, 30% of chil-
dren had any wheezing, 14% of children had recurrent wheezing,
and 13% had current asthma.

In bivariate analyses children with higher 6-month WFL
z scores were more likely to have higher birthweights and have
mothers with higher prepregnancy BMIs and were less likely to
be breast-fed (Table I). The home environment of children with
higher 6-month WFL z scores was characterized by somewhat
more passive smoke exposure, but no difference in exposure to
siblings less than age 12 years, pets, or other common allergens.

In age- and sex-adjusted multivariable models we observed a
direct association between 6-month WFL z score and risk of any
wheezing and recurrent wheezing at age 3 years (Table II). The
direct association between WFL z score at 6 months and
recurrent wheeze was robust to controlling for a variety of poten-
tial confounders (Table II). Compared with children in the lowest
quartile of WFL z scores at 6 months (median within quartile,
20.39), those in the highest quartile (median, 1.78) had higher
risk of recurrent wheeze at age 3 years (OR, 2.25; 95% CI,
1.10-4.60).

Table III shows risk of any wheezing, recurrent wheezing, and
current asthma with infants’ WFL z scores at 6 months, expressed
as a 1-unit increment rather than in quartiles and stratified by sex.
We found that each 1-unit increment in 6-month WFL z score was
associated with greater odds of having had any wheezing (OR,
1.23; 95% CI, 1.03-1.48) or recurrent wheezing by 3 years of
age (OR, 1.46; 95% CI, 1.11-1.91). We found a weaker associa-
tion of 6-month WFL z score with current asthma (OR, 1.22;
95% CI, 0.94-1.59). In fully adjusted multivariable models we
did not observe substantial differences in risks between boys
and girls (Table III). Furthermore, the association between
6-month WFL z score and risk of wheezing did not vary by birth-
weight, and adjustment for birthweight did not attenuate the
observed estimates. For example, in multivariable models not ad-
justed for birthweight, the odds of recurrent wheeze was 1.44
(95% CI, 1.10-1.88) for each 1-unit increment in 6-month WFL
z score. After adjustment for birthweight, the odds of recurrent
wheeze was 1.46 (95% CI, 1.11-1.91). Independently, birthweight
was not associated with any of the outcomes. For example, the
odds of recurrent wheeze was 0.81 (95% CI, 0.50-1.32) for
each 1-kg increment in birthweight.
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TABLE II. Associations of quartile of 6-month WFL z scores with risk of clinical outcomes during the first 3 years of life

Quartile of 6-mo WFL z score: OR (95% CIs)

Clinical outcomes at age 3 y* 1 2 3 4

P value

for trend

Range of WFL z score

Boys 22.29 to 0.10 0.11 to 0.74 0.74 to 1.42 1.42 to 3.24

Girls 22.96 to 0.02 0.04 to 0.66 0.66 to 1.26 1.26 to 2.84

Recurrent wheezing (n 5 100)

Age and sex adjusted 1.00 (reference) 1.33 (0.68-2.59) 2.15 (1.14-4.05) 1.93 (1.03-3.63) .02

Multivariable model 1.00 (reference) 1.23 (0.58-2.61) 2.38 (1.16-4.88) 2.25 (1.10-4.60) .008

Any wheezing (n 5 253)

Age and sex adjusted 1.00 (reference) 1.25 (0.81-1.93) 2.00 (1.31-3.05) 1.52 (0.99-2.34) .01

Multivariable model� 1.00 (reference) 1.08 (0.66-1.75) 2.00 (1.26-3.19) 1.50 (0.93-2.41) .02

Current asthma (n 5 107)

Age and sex adjusted 1.00 (reference) 1.12 (0.61-2.06) 1.66 (0.94-2.96) 1.28 (0.70-2.34) .23

Multivariable model 1.00 (reference) 0.80 (0.40-1.62) 1.64 (0.86-3.14) 1.29 (0.65-2.56) .16

Data are from multivariable analyses of infants participating in Project Viva.

*The exposure was 6-month WFL z score in quartiles; the first quartile was designated as the reference group. We examined 3 separate outcomes: recurrent wheezing, any

wheezing, and current asthma. After excluding missing data, the sample size for recurrent wheezing is 701, that for any wheezing is 854, and that for current asthma is 842.

�The multivariable model adjusts for child’s birthweight, sex, age, race/ethnicity, and passive exposure to smoking during the first year of life; mother’s prepregnancy BMI, vitamin

D intake during pregnancy, and breast-feeding status at 6 months; father’s BMI; household income; number of children younger than 12 years living in the household; and maternal

and paternal history of asthma.
TABLE III. Associations of 6-month WFL z score with risk of clinical outcomes during the first 3 years of life stratified by sex

OR (95% CIs) per 1-unit increment in 6-mo WFL z score

Clinical outcomes at age 3 y* Overall Boys Girls

Recurrent wheezing (n 5 100)

Age and sex adjusted 1.31 (1.04-1.64), c statistic 5 0.64 1.25 (0.95-1.64) 1.44 (0.97-2.15)

Multivariable Model 1.46 (1.11-1.91), c statistic 5 0.78 1.40 (1.01-1.95) 1.70 (0.99-2.91)

Any wheezing (n 5 253)

Age and sex adjusted 1.23 (1.05-1.44), c statistic 5 0.58 1.15 (0.93-1.41) 1.37 (1.07-1.75)

Multivariable model� 1.23 (1.03-1.48), c statistic 5 0.68 1.18 (0.93-1.50) 1.33 (0.99-1.80)

Current asthma (n 5 107)

Age and sex adjusted 1.15 (0.92-1.43), c statistic 5 0.56 1.10 (0.83-1.46) 1.23 (0.87-1.74)

Multivariable model 1.22 (0.94-1.59), c statistic 5 0.73 1.20 (0.86-1.67) 1.26 (0.80-1.99)

Data are from multivariate analyses of infants participating in Project Viva.

*The exposure was 6-month WFL z score as a continuous variable. We examined 3 separate outcomes: recurrent wheezing, any wheezing, and current asthma. After excluding

missing data, the sample size for recurrent wheezing is 701, that for any wheezing is 854, and that for current asthma is 842.

�The multivariable model adjusts for child’s birthweight, sex, age, race/ethnicity, and passive exposure to smoking during the first year of life; mother’s prepregnancy BMI, vitamin

D intake during pregnancy, and breast-feeding status at 6 months; father’s BMI; household income; number of children younger than 12 years living in the household; and maternal

and paternal history of asthma.
Subgroup analyses of change in WFL z score in the first 6
months of life (ie, WFL z score at 6 months adjusted for WFL
z score at birth) revealed very similar results to those examining
attained adiposity. Each 1-unit increment in WFL z score at 6
months (adjusted for WFL z score at birth) was associated with
increased odds of any wheezing (OR, 1.17; 95% CI, 0.91-1.49)
and recurrent wheezing (OR, 1.39; 95% CI, 0.95-2.04). However,
with a relatively low sample size (n 5 569), the CIs were wider
than those in the main analyses. Independently, change in
length-for-age in the first 6 months of life was not associated
with any of the outcomes (data not shown).

Among the 494 participants with available serum IgE data, 196
(40%) had plasma manifestations of atopy. In multivariable
logistic regression analyses 6-month WFL z score was not associ-
ated with atopy alone (OR, 1.04; 95% CI, 0.83-1.29). In addition,
higher adiposity in infancy was not associated with the atopic
form of recurrent wheezing (see Table E1 in the Online Reposi-
tory at www.jacionline.org). In a sensitivity analysis, removing
sensitization to the one food allergen (egg white) did not materi-
ally change the results (data not shown).
DISCUSSION
In this prospective cohort study higher adiposity in infancy was

associated with a greater risk of recurrent wheezing by age 3 years.
The results were significant, even after adjusting for a number of
potential confounders, including socioeconomic status, breast-
feeding, and passive exposure to smoke. Birthweight was not
associated with any of the outcomes. Furthermore, infant adipos-
ity was not associated with the atopic form of recurrent wheeze.

Although previous studies have examined the relationship
between birthweight and incident asthma,42-49 the relationships
between postnatal growth, adiposity, and risk of asthma remain
understudied. Furthermore, most previous studies are limited by
their reliance on weight measures alone. To our knowledge, this
is the first study to report associations of infant growth and
asthma-related outcomes in childhood. In addition, we were
able to use measures of size that included length in addition to
weight, which together reflect adiposity better than weight
alone.50 Our findings are consistent with cross-sectional studies
of older children and adolescents that have observed a direct as-
sociation between higher BMI and airway hyperresponsiveness,

http://www.jacionline.org
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wheeze, or asthma in children.8-18 Our results also extend to pre-
school-age children’s findings of recent longitudinal studies19-23

that have linked obesity with the development of asthma or
asthma-like symptoms. Contrary to previous studies in older chil-
dren, we did not find substantial differences in risks among boys
and girls. In addition, we did not find a relationship between rapid
rate of growth in length with our asthma-related outcomes.

We observed a weaker association between WFL z score at
6 months with current asthma than with our measures of
asthma-related symptoms. It is possible that higher adiposity in
infancy might be associated with a higher prevalence of condi-
tions that might manifest as wheezing (ie, gastroesophageal re-
flux) but not with a higher prevalence of asthma. This lack of
precision might lead to smaller observed ORs for physician-diag-
nosed asthma than for asthma-related symptoms. It is also possi-
ble that our measure, parental report of a physician’s diagnosis of
asthma and related symptoms, might lack sensitivity and specific-
ity (ie, pediatric clinicians might be more reluctant to make a di-
agnosis of asthma or related symptoms in children younger than
3 years), and the diagnosis might be influenced by parental or phy-
sician diagnostic bias. The diagnosis of asthma is difficult in in-
fants and toddlers given their age and the frequency of isolated
wheezing for other reasons (eg, respiratory tract infections).
Although we recognize that not all wheezing illnesses in early
childhood equate to asthma, children who experience recurrent
wheezing episodes are more likely to have asthma than those
with transient wheezing episodes.38,51 Thus our findings of an as-
sociation between WFL z score at 6 months with both any wheez-
ing and recurrent wheezing gives us confidence that we captured
the clinically important wheezing symptoms. It is still unclear
whether the relationship of increased infant adiposity to wheezing
extends to asthma itself or alternatively is a risk factor for early-
life wheeze, which might or might not persist into later childhood.

Our findings of a null association between birthweight and
asthma-related outcomes at age 3 years among this population of
term infants are consistent with our earlier published findings of a
null relationship with asthma outcomes at 2 years of age42 and
confirm those of a recent retrospective cohort study by Dik
et al,52 who examined data from 170,960 children at age 6 years.
In multivariate models adjusted for gestational age, the relative
risk of asthma was 1.01 (95% CI, 0.97-1.05) for children whose
birthweight was 3800 g or greater compared with those whose
birthweight was 3500 to 3790 g. However, our results are in con-
trast to 2 population-based cohort studies that found a direct asso-
ciation between high birthweight and risk of emergency
department visits and hospitalizations for asthma among 10- to
12-year-old children.46,47 Altogether, our findings of a null asso-
ciation between birthweight and asthma-related outcomes, to-
gether with our findings that increasing WFL z scores in the first
6 months of life were associated with increased risk of asthma-re-
lated outcomes, suggest that growth in infancy has an important
influence on children’s risk of asthma-related symptoms.

In this study we also found that WFL z score at 6 months was
not associated with increased risk of having manifestations of at-
opy or with recurrent wheeze and atopy combined. Our findings
are in contrast to those of previous studies among obese Taiwa-
nese girls18 and obese Finish53,54 and Danish55 adults that found
an association between higher BMI and increased atopy. Our re-
sults were limited by a small sample size of participants with non-
missing data on all variables. It is also possible that the null results
we observed between adiposity and atopy might be due to the
early age of our cohort. Wahn56 found that sensitization to indoor
and outdoor allergens is still developing between the first and
tenth birthdays. The published data on adiposity and atopy, how-
ever, have not been consistent,57 and further studies are needed to
evaluate plausible mechanisms that might explain the relationship
between higher adiposity and asthma, including immune-medi-
ated and non2immune-mediated pathways.

Our study attempted to address limitations of previous studies,
which have included small sample sizes and retrospective
collection of anthropometric and birthweight data. An additional
strength of our study was the ability to adjust for multiple
socioenvironmental confounders and other factors, such as infant
feeding, which are mutually correlated with obesity and asthma.
Our study also has several potential limitations. Although
mothers in the study had diverse racial/ethnic backgrounds, their
educational and income levels were relatively high. Our results
might not be generalizable to more socioeconomically disadvan-
taged populations. Previous studies have found that racial/ethnic
minority children are disproportionately affected by asthma
prevalence.58 Moreover, racial/ethnic minorities and children of
lower socioeconomic position have particularly high rates of obe-
sity in childhood and beyond.59 Thus it is possible that there might
be residual confounding by shared determinants of asthma and
obesity that we were unable to measure. Further longitudinal stud-
ies of obesity and asthma are needed among a low-income minor-
ity population.

In summary, we found that higher adiposity at 6 months of age
was associated with a greater risk of wheezing by age 3 years. As
an example of a 1-unit difference in WFL z score, consider two
6-month-old male infants who are of average length (67 cm).
The infant with a WFL z score of 0 (ie, 50th percentile) would
weigh 7.7 kg, whereas the infant with a WFL z score of 1 would
weigh 8.4 kg, a difference of 0.7 kg. Our estimates predict that,
after adjusting for birthweight and potential confounders, the
heavier of these 2 infants would have a 46% higher risk of recur-
rent wheezing at age 3 years. Because both obesity and asthma
develop in common during the preschool years,3,5 clinical and
public health efforts to attenuate the increasing prevalence of obe-
sity in the United States and elsewhere could help reduce chil-
dren’s risk of asthma-related symptoms.

We thank the staff and participants of Project Viva.

Clinical implications: Higher adiposity in infancy was associ-
ated with greater risk of recurrent wheezing by age 3 years. In-
terventions to prevent excess infant adiposity might help reduce
children’s risk of asthma-related symptoms.
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METHODS

Enrollment of the cohort
Fig E1 shows a detailed description of our process for including partic-

ipants in the current analysis. Of the 2128 women who were delivered of

a live infant, 1719 participants were eligible for 3-year follow-up. We ex-

cluded 36 participants who refused to participate in the 3-year follow-up,

237 who were lost to follow-up, and 24 infants whose gestational age at

birth was less than 34 weeks. In addition, we excluded 414 participants

who were missing data on our main exposures and 76 participants with

wheezing before 6 months of age to examine incident wheezing. Thus our

sample size for analysis was 932 mother-infant pairs. Comparison of the

932 participants in this analysis with the full 2083 Project Viva participants

who were delivered 34 weeks or greater showed only small differences. For

example, a greater percentage of the included subjects were white (70% vs

64%) and more educated (74% vs 65% with a college education) and had

higher household incomes (67% vs 61% >$70,000/y) than the total sample,

but the 2 groups did not differ on mean maternal prepregnancy BMI or

infant birthweight.

Other measures
Mothers self-reported information about maternal age, height, weight,

education, household income, smoking during pregnancy, passive smoking

exposure in the first year of life, duration of breast-feeding, paternal height and

weight, maternal and paternal history of asthma, and number of children

younger than 12 years living in the household. We calculated gestational age

from the last menstrual period, and if the estimate of gestational age from the

second-trimester ultrasonographic analysis differed by more than 10 days, we

used the ultrasound instead. We determined birthweight for gestational age

z value by use of US national reference data.E1 We assessed maternal diet at

both the first and second trimesters of pregnancy using a validated semiquan-

titative food frequency questionnaire.E2 We calculated vitamin D intake for

each food frequency questionnaire, and the mean of these 2 values was the
assigned exposure for each woman during pregnancy. In a previous published

analysis of this cohort, lower maternal intake of vitamin D during pregnancy

was associated with higher risk of asthma-related symptoms in their offspring

at age 3 years.E3

Total and specific serum IgE levels
In a subset of Project Viva children from whom we collected blood

specimens at age 3 years, we analyzed their serum samples for total IgE and for

specific IgE antibodies to a panel of allergens. For this analysis, there were 494

participants with nonmissing data on total IgE and allergy-specific IgE. The

subjects in the subanalysis (n 5 494) and those in the primary analysis (n 5

932) did not differ in demographic characteristics. Briefly, the subjects with

IgE measurements (n 5 494) were slightly less likely to be white (69% vs

70%) and had slightly less educational attainment (72% vs 74% with a college

education) and had slightly higher household incomes (69% vs 67% 5

$70,000/y) than the total sample (n 5 932). We determined total serum IgE

levels collected from plasma samples using the UniCAP 250 system

(Pharmacia & Upjohn, Kalamazoo, Mich), with samples measured in dupli-

cate. We also assayed plasma from each child for IgE to 6 allergens (dust mite

[Dermatophagoides farinae], cockroach [Bla g], cat dander, dog dander,

Alternaria tenuis [mold], and egg white).
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FIG E1. Flow of participant inclusion in the current analysis.
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TABLE E1. Association of 6-mo WFL z score with risk of wheezing with or without atopy during the first 3 years of life

Clinical outcome at age 3 y (fully adjusted models) N OR (95% CIs) per 1-unit increment in 6-mo WFL z score (overall)

Recurrent wheezing 1 atopy* 28 1.49 (0.90-2.47)

Recurrent wheezing, nonatopic� 35 1.51 (0.95-2.41)

No wheezing 1 atopy 124 0.98 (0.75-1.28)

No wheezing, nonatopic 200 1.00

Data are from a multivariable analyses of a subset of 494 children in Project Viva.

*Wheezing 1 atopy is defined as recurrent wheezing plus at least 1 detectable allergy-specific IgE level or total IgE level in the 75th percentile or greater.

�Wheezing, nonatopic is defined as recurrent wheezing plus no detectable allergy-specific IgE level and total IgE level greater than the 75th percentile.
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