
Background: Indoor inhaled allergens have been repeatedly
demonstrated to worsen asthma in sensitized individuals, but
their role in incident asthma is more controversial.
Objective: We investigated the relationship between exposure to
allergens (dust mite, cat, and cockroach) measured in the home
and incident doctor-diagnosed asthma and recurrent wheezing
in children born to parents with asthma, allergies, or both.
Methods: From an ongoing longitudinal family and birth
cohort study, we identified 222 siblings (median age, 2.87
years) of the index children. Allergen levels in the home were
measured from dust samples obtained at the beginning of the
study. Incident doctor-diagnosed asthma and recurrent wheez-
ing were determined from questionnaires administered at 14
months and 22 months after the initial questionnaire.
Results: Thirteen (5.9%) children were reported to have inci-
dent asthma, twenty (9.0%) children had recurrent asthmatic
wheezing, and 18 (8.1%) had recurrent wheezing without asth-
ma. Compared with children living in homes with Bla g 1 or 2
levels of less than 0.05 U/g, children exposed to Bla g 1 or 2
levels of 0.05 to less than 2 U/g had a relative risk for incident
asthma of 8.27 (95% confidence interval, 1.04-66.04), whereas
children exposed to Bla g 1 or 2 levels of 2 U/g or greater had
a relative risk for incident asthma of 35.87 (95% confidence
interval, 4.49-286.62). Cockroach allergen exposure was like-
wise a significant predictor for recurrent asthmatic wheezing.
Neither dust mite nor cat allergen levels were significantly
associated with either outcome. These findings remained after
control for several covariates.
Conclusion: Exposure to cockroach allergen early in life may
contribute to the development of asthma in susceptible chil-
dren. (J Allergy Clin Immunol 2001;107:41-7.)
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Although indoor inhaled allergens have been repeat-
edly demonstrated to worsen asthma in specifically sen-
sitized individuals, the role of these allergens in incident
asthma is controversial. The strongest evidence for the
association between allergen exposure and prevalent
asthma has come from studies on dust mite allergen
exposure and dust mite sensitization.1 Studies have
shown a dose-response relationship between exposure to
dust mite allergens and sensitization in areas with high
levels of exposure.2,3 Furthermore, sensitization to dust
mite has been found to be a major risk factor for preva-
lent asthma in these areas.3

In areas where dust mite is not the dominant allergen,
similar evidence for the relationship between exposure
to other allergens and prevalent asthma has been
observed.4,5 It has recently been shown that among chil-
dren who have asthma and who are sensitized to cock-
roach allergen, exposure to high levels of cockroach
allergen (Bla g 1 > 8 U/g) is associated with greater
asthma morbidity.6 However, to date, only one study
has prospectively shown a relationship between expo-
sure to allergens (dust mite) early in life and the devel-
opment of asthma.7

As part of an ongoing longitudinal epidemiologic study
on children born to parents with asthma, allergies, or both,
we collected information on children who were 5 years old
or younger. The aim of this analysis was to determine the
relationship of exposure to indoor allergens and the devel-
opment of doctor-diagnosed asthma in these children. In
addition, we investigated the relationship between expo-
sure to these allergens and recurrent wheezing.

METHODS

Population and study sample

The subjects for this analysis were drawn from the siblings of the
index children participating in the Epidemiology of Home Allergens
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and Asthma study, an ongoing longitudinal family and birth cohort
study, the primary aim of which is to examine the role of indoor
home allergen exposure in the development of asthma-wheeze and
allergic sensitization during early childhood in children whose par-
ents have asthma or allergy. Recruitment and exclusion criteria have
been detailed previously.8 In brief, 499 families were recruited
between 1994 and 1996 within 48 hours of the birth of the index
child at a tertiary hospital in Boston. If either parent had a history
of doctor-diagnosed asthma, hay fever, or allergies, a screening
questionnaire was administered, and if either parent was allergic to
house dust or house dust mites, cockroaches, pollens, animals, or
mold, then they were eligible for inclusion in the cohort.

At home visits conducted 2 to 3 months after the birth of the index
child, a trained research assistant administered a detailed respiratory
symptoms questionnaire for siblings of the index child who were 5
years of age or younger. The respiratory questionnaire was adminis-
tered again by means of telephone when the index child was 16
months old. A revised sibling respiratory questionnaire was adminis-
tered for a third time when the index child was 24 months old.

At the time of the first home visit, 246 siblings younger than 5
years were identified. Fourteen children had information from
only one of the 3 questionnaires, and 11 children were not biolog-
ically related to the index child’s mother, father, or both. This left
222 eligible children who had information from at least 2 of the 3
questionnaires. Of these eligible children, 171 did not have a doc-
tor’s diagnosis of asthma or recurrent wheezing during the period
of follow-up, and these children comprised the reference group.
Three subsets were created: (1) the incident asthma data set com-
prised the reference group and the children who did not have a
doctor’s diagnosis of asthma at the time of the first questionnaire
but who did have this diagnosis at the time of either of the next 2
questionnaires; (2) the recurrent asthmatic wheezing data set com-
prised the reference group and the children who had ever had a
doctor’s diagnosis of asthma and who had recurrent wheezing dur-
ing the period of follow-up; and (3) the recurrent nonasthmatic
wheezing data set comprised the reference group and the children
who had recurrent wheezing but who did not have a doctor’s diag-
nosis of asthma.

Home visit, dust collection, and allergen

analysis

At the home visit, questionnaires regarding home characteristics,
home environmental exposures (including smoking), demographic
and socioeconomic characteristics of the family, and detailed respi-
ratory symptoms of the siblings were administered by trained
research assistants. Methods for the collection of dust samples and
the processing and assay of allergens have been detailed previous-
ly.9 In brief, 5 separate dust samples were collected in standardized
fashion by vacuuming 5 areas in the home. For this analysis, only
allergens assayed from the family-living room and the kitchen floor
dust samples were used. Dust extract was assayed for allergens,
including house dust mite (Der p 1 and Der f 1), cat (Fel d 1), and
cockroach (Bla g 1 and Bla g 2) allergens.

Definitions of outcome variables

Respondents (usually the mothers) to the sibling respiratory
questionnaire administered at the home visit were asked about a
doctor’s diagnosis of asthma (“Has a doctor ever said that [name]
has asthma?”) and about wheezing (“Has this child’s chest ever
sounded wheezy or whistling, including times when he or she had a
cold?”). If the answer to the wheezing question was yes, the respon-
dent was asked whether wheezing had occurred within the last 12
months. If wheezing had occurred within the last 12 months, then
the child was labeled with “wheezing in the past year.”

Incident asthma was defined as a report of a doctor’s diagnosis of
asthma on the second or the third questionnaire among children who
did not have a report of a doctor’s diagnosis of asthma at the time of
the home visit (when the first sibling respiratory questionnaire was
administered) but had a report of wheezing in the past year on any of
the questionnaires. Recurrent wheezing was defined as a report of
wheezing in the past year on 2 of the 3 questionnaires. Recurrent
asthmatic wheezing was then defined as a diagnosis of asthma and
recurrent wheeze. Conversely, recurrent nonasthmatic wheezing was
defined as recurrent wheeze without a diagnosis of asthma.

Definition of predictor variables

Predictor variables that were examined included maternal and
paternal asthma, the child’s race-ethnicity, maternal smoking during
the perinatal period, current smoking in the home by any adult, and
socioeconomic factors (total family income before taxes, highest
educational level attained by either parent, and area of residence on
the basis of poverty levels). Details of the ascertainment of these pre-
dictor variables have been reported elsewhere.10,11 Lower respirato-
ry tract illness (LRI) was defined as doctor-diagnosed croup, bron-
chitis, bronchiolitis, or pneumonia, and recurrent LRI was defined as
reports of LRI in the past year on at least 2 questionnaires.

Allergen concentrations were grouped in categories with poten-
tial relevance to sensitization and development of allergy-related
recurrent wheeze. Cockroach exposure was categorized as Bla g 1
or Bla g 2 at the following levels: (1) 2 U/g or greater (including
concentrations exceeding detectable limits); (2) 0.05 to less than 2
U/g; and (3) less than 0.05 U/g (including concentrations below the
limits of detection). Dust mite exposure was categorized as Der f 1
or Der p 1 at the following levels: (1) 10 µg/g or greater (including
concentrations exceeding detectable limits); (2) 2 to less than 10
µg/g; and (3) less than 2 µg/g (including samples below the limits
of detection). Cat exposure was categorized as Fel d 1 at the fol-
lowing levels: (1) 8 µg/g or greater (including concentrations
exceeding detectable limits); (2) 1 or greater to less than 8 µg/g; and
(3) less than 1 µg/g (including concentrations below the limits of
detection). For all the allergens, if no dust was available or if the
amount was too small to be assayed for a particular allergen, values
were considered to be missing. For this analysis, allergen levels in
the kitchen and family room were combined.

Statistical analysis

Univariate relationships between predictor variables and outcome
variables were initially analyzed with contingency tables. Further
analyses of the univariate and multivariable relationships between
predictor and outcome variables by using Poisson regression were
performed with the log link function in the GENMOD procedure in
SAS software (SAS Institute Inc, Cary, NC). To account for correla-
tions between children from the same household, methods developed
by Zeger and Liang12 using generalized estimating equations for the
logistic case were performed with the REPEATED statement in the
GENMOD procedure (SAS Institute, 1997).

Predictor variables that were significant at a P level of .05 or
less in univariate models were selected for the multivariable mod-
els. In addition, bivariable models with cockroach allergen levels
and each of the other predictor variables were created for incident
asthma and recurrent asthmatic wheezing outcomes. Predictor vari-
ables that caused a 10% change in the parameter estimate for cock-
roach allergen were also included in multivariable models, even if
the associated univariate P value did not reach the level of statisti-
cal significance. Multivariable models containing all the selected
variables (full models) were then created for each outcome. Subse-
quently, reduced models were created by removing individual vari-
ables or groups of variables that were statistically nonsignificant in
the full models.
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RESULTS

Baseline characteristics

The baseline characteristics of the 222 children are
presented in Table I. One hundred seventy-one (77.0%)
children had neither a diagnosis of asthma nor recurrent
wheezing, and 51 (23.0%) had either or both of these
conditions. Thirty-three (14.9%) children had never had
a doctor’s diagnosis of asthma by the end of the follow-
up period; thirteen (5.9%) children had incident asthma.
Thirteen (5.9%) children had a report of wheezing in the
past year on all 3 questionnaires, and 25 (11.3%) chil-
dren had a report of wheezing in the past year on 2 of the
3 questionnaires; these 38 children were categorized as
having recurrent wheeze. Of these 38 children with
recurrent wheeze, 20 (52.6%) had a diagnosis of asthma
and thus were categorized as having recurrent asthmatic
wheeze, whereas 18 (47.4%) did not have a diagnosis of
asthma and were categorized as having nonasthmatic
recurrent wheeze.

Univariate analyses

Results of univariate analyses on the 3 outcomes are
presented in Table II. Statistically significant associa-
tions with incident asthma were observed with young
maternal age, current cigarette smoking in the home,
recurrent LRI, total family income of less than $30,000,
and highest attained parental education of high school or
less. Among the indoor allergens, only cockroach aller-
gen levels were significantly associated with incident
asthma. For recurrent asthmatic wheeze, prematurity,
male sex, young maternal age, maternal cigarette smok-
ing during the perinatal period, current adult smoking in
the home, recurrent LRI, highest attained parental edu-
cation of high school or less, and maternal asthma were
significant predictors. As was the case for incident asth-
ma, only cockroach allergen, among the indoor aller-
gens, was a significant predictor for recurrent asthmatic
wheezing. For recurrent nonasthmatic wheeze, prematu-
rity, young maternal age, recurrent LRI, and Hispanic
race were significant predictors. None of the allergens
were significantly associated with recurrent wheeze
among nonasthmatic children. No child who was
exposed to 2 U/g or greater of cockroach allergen had
nonasthmatic wheezing.

Multivariable models for incident asthma

In the full model containing all of the significant uni-
variate predictors plus race (Table III), the associations of
maternal age, current cigarette smoking in the home,
race, total family income, and highest attained parental
education level were all statistically nonsignificant.
Cockroach allergen levels and recurrent LRI were signif-
icant predictors of incident asthma in the full model and
the reduced models (Table III). In these models exposure
to 0.05 to less than 2 U/g of cockroach allergen was asso-
ciated with an 8- to 9-fold risk for incident asthma,
whereas exposure to 2 U/g or greater was associated with
a greater than 20-fold risk for developing asthma.

Multivariable models for recurrent asthmatic

wheezing

Cockroach allergen levels and recurrent LRI were sig-
nificant predictors of recurrent wheeze among asthmatic
children (Table IV). As in the case for incident asthma, all
other predictor variables were not significantly associated
with recurrent wheeze among asthmatic children in the full
model. In several reduced models, the association between
cockroach allergen and recurrent asthmatic wheezing was
stronger compared with the full model, particularly when
socioeconomic variables were removed. This was likely
because of the association of cockroach allergen levels
with the socioeconomic variables.

Multivariable models for recurrent

nonasthmatic wheezing

In multivariable models for recurrent nonasthmatic
wheezing, recurrent LRIs remained the strongest predic-
tor (relative risk [RR], 8.11; 95% confidence interval
[CI], 2.95-22.89). Hispanic children were also more like-
ly to have recurrent nonasthmatic wheezing than non-
Hispanic children (RR, 4.64; 95% CI, 1.22-17.61). Pre-
maturity (RR, 2.37; 95% CI, 0.90-6.26) and maternal age
(RR, 3.01; 95% CI, 0.85-10.70) were marginally signifi-
cant. Cockroach allergen remained nonsignificant in
these models.

DISCUSSION

Indoor dust concentrations of cockroach allergen
(combined Bla g 1 and Bla g 2) were significantly asso-

TABLE I. Baseline characteristics of 222 children

Characteristic Value

Age, y (median [range]) 2.87 (1.11-4.99)
Sex

Male, n (%) 106 (47.7)
Female, n (%) 116 (52.3)

Birth weight, lb (mean ± SD) 7.58 ± 1.10
Prematurity, n (%) 32 (14.4)
Maternal smoking during perinatal period, 14 (6.3)

n (%)
Current* smoking in the home by any adult, 25 (11.3)

n (%)
Race-ethnicity, n (%)

White 183 (82.4)
Black 18 (8.1)
Hispanic 12 (5.4)
Asian 9 (4.1)

Family income, n (%)
<$30,000 15 (6.8)
$30,000-49,999 39 (17.6)
≥$50,000 161 (72.5)

Area of residence based on poverty rates, n (%)
<10% 163 (73.4)
10%-20% 46 (20.7)
≥20% 13 (5.9)

*At the time of the first questionnaire.
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TABLE II. Univariate predictors of incident asthma and recurrent wheezing

Incident asthma Recurrent wheeze, asthmatic Recurrent wheeze, nonasthmatic

(n = 184) children (n = 191) children (n = 189)

Variable n (%) RR (95% CI) n (%) RR (95% CI) n (%) RR (95% CI)

Birth weight
>6.8 lb 9 (6.5) 1.00 14 (9.7) 1.00 14 (9.9) 1.00
<6.8 lb 4 (8.9) 1.51 (0.48-4.74) 6 (12.8) 1.30 (0.54-3.14) 4 (8.5) 0.76 (0.28-2.06)

Prematurity
No 10 (6.1) 1.00 15 (8.9) 1.00 13 (7.8) 1.00
Yes 3 (14.3) 2.40 (0.73-7.90) 5 (21.7) 2.49 (1.02-6.10) 5 (21.7) 2.90 (1.21-6.93)

Sex
Female 5 (5.0) 1.00 6 (5.9) 1.00 8 (7.8) 1.00
Male 8 (9.5) 1.89 (0.66-5.40) 14 (15.6) 2.57 (1.07-6.18) 10 (11.6) 1.53 (0.72-3.28)

Maternal age at child’s birth
>25 y 10 (5.8) 1.00 16 (8.9) 1.00 15 (8.4) 1.00
≤25 y 3 (27.3) 4.81 (1.46-15.81) 4 (33.3) 3.82 (1.45-10.06) 3 (27.3) 3.64 (1.24-10.65)

Maternal cigarette smoking
during perinatal period
No 11 (6.3) 1.0 17 (9.4) 1.00 16 (8.9) 1.00
Yes 2 (22.2) 3.41 (0.88-13.23) 3 (30.0) 3.06 (1.06-8.80) 2 (22.2) 2.34 (0.64-8.52)

Current* cigarette smoking in
the home by any adult
No 8 (4.9) 1.0 15 (8.7) 1.00 15 (8.7) 1.00
Yes 5 (26.3) 5.29 (1.87-14.95) 5 (26.3) 2.95 (1.18-7.41) 3 (17.7) 2.17 (0.70-6.75)

Recurrent LRI
No 11 (6.2) 1.00 15 (8.2) 1.00 13 (7.2) 1.00
Yes 2 (33.3) 5.25 (1.47-18.78) 5 (55.6) 6.52 (3.04-13.97) 5 (55.6) 7.43 (3.22-17.11)

Race
White 8 (5.2) 1.00 13 (8.2) 1.00 15 (9.4) 1.00
Black 3 (17.6) 3.31 (0.96-11.43) 4 (22.2) 2.64 (0.96-7.32) 0 (0.0) —
Hispanic 1 (16.7) 3.09 (0.45-21.16) 1 (16.7) 1.93 (0.30-12.36) 3 (37.5) 3.84 (1.39-10.66)
Asian 1 (12.5) 2.30 (0.32-16.45) 2 (22.2) 2.59 (0.68-9.90) 0 (0.0) —

Total family income
≥$50,000 9 (6.6) 1.00 15 (10.6) 1.00 12 (8.6) 1.00
$30,000-$49,999 1 (3.5) 0.56 (0.07-4.23) 3 (9.7) 0.98 (0.30-3.19) 6 (17.7) 2.04 (0.78-5.30)
<$30,000 3 (25.0) 3.71 (1.15-11.99) 2 (18.2) 1.67 (0.43-6.41) 0 (0.0) —

Area of residence by percentage
of households below poverty
<10% 9 (6.7) 1.00 14 (10.1) 1.00 15 (10.7) 1.00
10%-<20% 2 (5.1) 0.77 (0.17-3.44) 5 (11.9) 1.19 (0.45-3.14) 3 (7.5) 0.74 (0.23-2.44) 
≥20% 2 (18.2) 2.60 (0.64-10.63) 1 (10.0) 0.94  (0.14-6.42) 0 (0.0) —

Parental education
College or beyond 9 (5.4) 1.0 15 (8.7) 1.00 17 (9.7) 1.00
High school or less 4 (23.5) 4.25 (1.46-12.38) 5 (27.8) 3.10 (1.27-7.56) 1 (7.1) 0.71 (0.10-4.94)

Maternal asthma
No 8 (5.9) 1.0 9 (6.6) 1.00 11 (7.9) 1.00
Yes 5 (10.4) 1.78 (0.61-5.21) 11 (20.4) 3.11 (1.36-7.14) 7 (14.0) 1.65 (0.65-4.20)

Paternal asthma
No 11 (7.9) 1.0 17 (11.7) 1.00 11 (7.9) 1.00
Yes 2 (4.6) 0.58 (0.13-2.53) 3 (6.8) 0.58 (0.18-1.89) 7 (14.6) 2.04 (0.82-5.04)

Cockroach allergen
<0.05 U/g 1 (1.1) 1.0 6 (6.1) 1.00 7 (7.0) 1.00
0.05-<2 U/g 7 (9.1) 8.27 (1.04-66.04) 10 (12.5) 1.98 (0.75-5.25) 11 (13.6) 1.73 (0.69-4.32)
≥2 U/g 5 (38.5) 35.87 (4.49-286.62) 4 (33.3) 5.43 (1.76-16.80) 0 (0.0) —

Dust mite allergen
<2 µg/g 7 (9.0) 1.00 10 (12.4) 1.00 9 (11.3) 1.00
2-<10 µg/g 3 (6.5) 0.71 (0.19-2.63) 4 (8.5) 0.67 (0.22-2.03) 2 (4.4) 0.38 (0.09-1.66)
≥10 µg/g 3 (5.0) 0.55 (0.15-2.05) 6 (9.5) 0.76 (0.29-1.99) 7 (10.9) 0.85 (0.32-2.24)

Cat allergen
<1 µg/g 12 (13.8) 1.0 15 (16.7) 1.00 8 (9.6) 1.00
1-<8 µg/g 0 (0.0) — 0 (0.0) — 7 (10.3) 1.16 (0.43-3.13)
≥8 µg/g 1 (2.9) 0.20 (0.03-1.48) 5 (12.8) 0.74 (0.29-1.89) 3 (8.1) 0.87 (0.24-3.15)

*At the time of the first questionnaire.
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ciated with incident doctor-diagnosed asthma and recur-
rent wheeze among asthmatic children over a 22-month
period in this cohort of children of allergic or asthmatic
parents. The risk estimates increased across exposure
categories, suggesting a dose-response relationship.
These associations remained after controlling for other
covariates, including race and socioeconomic status. No
significant association was found, however, between
measured cockroach allergen levels and recurrent wheez-
ing among nonasthmatic children in this same cohort.

It is now widely known that wheezing in early life
does not necessarily lead to a diagnosis of asthma. In
most children symptoms of wheezing remit after the first
3 years of life, and low lung function appears to be the
main risk factor for these transient episodes.13 Children
who go on to have the clinical syndrome known as asth-
ma, on the other hand, usually have a family history of
asthma and allergies and present with allergic symptoms
early in life.13,14 In our cohort of children with a parental
history of asthma or allergies, we identified 2 groups of
children who had recurrent wheezing symptoms: one
group with the presence of doctor-diagnosed asthma and
the other group without asthma. Because we did not mea-
sure lung function in these children and have no objective
markers of allergy, it is not clear whether children with
recurrent nonasthmatic wheeze will eventually have asth-
ma. Only follow-up of this cohort over time will tell.

Among urban asthmatic subjects, hypersensitivity to
cockroach allergen is common.15 Recently, Rosenstreich
et al6 showed that among children with asthma who are
sensitized to cockroach allergen, exposure to high levels
of cockroach allergen in the home was strongly associat-
ed with increased hospitalizations and other measures of

asthma morbidity. Our data are consistent with these
findings in that exposure to cockroach allergen was asso-
ciated with recurrent wheeze among children with asth-
ma. A recently published analysis on the index children
in this study also demonstrated that cockroach allergen
was associated with recurrent wheeze in the first year of
life.8 No previously published data, however, relate cock-
roach allergen exposure to incident asthma.

Presumably, an allergic mechanism underlies the
effect of exposure to cockroach allergen in sensitized
persons: asthmatic subjects sensitized to cockroach aller-
gen exhibit immediate bronchoconstriction accompanied
by early and late asthmatic symptoms and increases in
peripheral eosinophil counts after bronchial provocation
testing with cockroach antigen, whereas unsensitized
asthmatic subjects do not exhibit these reactions.16 A
limitation of our study is that we lack sensitization data
on the children. Thus we do not know whether those with
incident asthma or with recurrent asthmatic wheeze are
sensitized to cockroach allergen. Although there may be
a direct proinflammatory effect on the lung by cockroach
allergen,8 neither lung function data nor markers of
inflammation were collected for this analysis.

We found a relationship between both incident asthma
and recurrent wheezing and low levels of cockroach
allergen. Proposed thresholds for induction of disease6

are considerably higher than those used for this analysis.
However, our results suggest that in susceptible children
of parents with asthma, allergy, or both, levels well below
these currently proposed thresholds may cause symp-
toms and even contribute to disease.

Although we found no statistically significant rela-
tionships between our outcomes and either dust mite or

TABLE III. Multivariable models for incident asthma 

Variable Full model Reduced model A Reduced model B Reduced model C

Cockroach allergen
<0.05 U/g 1.00 1.00 1.00 1.00
0.05-<2 U/g 9.22 (1.24-68.49) 8.99 (1.17-69.05) 8.81 (1.23-62.98) 8.42 (1.15-61.82)
≥2 U/g 26.47 (2.06-339.46) 21.87 (1.68-284.18) 25.84 (1.96-341.46) 26.47 (2.24-312.20)

Recurrent LRI
No 1.00 1.00 1.00 1.00
Yes 9.12 (2.83-29.40) 9.41 (2.97-29.84) 9.85 (3.06-31.71) 10.04 (3.16-31.89)

Maternal age at child’s birth
>25 y 1.00 1.00 1.00 —
≤25 y 2.13 (0.80-5.69) 1.93 (0.77-4.86) 2.34 (0.73-7.47) —

Current* cigarette smoking in the home 
No 1.00 1.00 1.00 1.00
Yes 3.64 (0.91-14.54) 3.36 (0.75-15.00) 4.15 (1.19-14.45) 3.94 (1.02-15.16)

Race
White 1.00 — 1.00 —
Nonwhite 0.69 (0.13-3.65) — 0.64 (0.12-3.57) —

Total family income
≥$30,000 1.00 1.00 — —
<$30,000 0.88 (0.36-2.16) 0.89 (0.37-2.11) — —

Parental education
College or beyond 1.00 1.00 — —
High school or less 1.22 (0.31-4.70) 1.18 (0.33-4.19) — —

Values are given as RR (95% CI).
*At the time of the first questionnaire.
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cat allergens, sensitization to these indoor allergens has
been shown to be a risk factor for asthma, either in cross-
sectional population-based studies3,4 or in emergency
department studies.17 For dust mites in particular,
prospective studies have shown that exposure in infancy
is related to sensitization18 and to development of asthma
by age 11 years.7 It may well be that for both dust mite
and cat allergens, more time must elapse before a statis-
tically significant association can be observed in our
cohort. Furthermore, it may be difficult to define cat
allergen exposure because this allergen has been shown
to be ubiquitous, even in homes without a cat,9 and
because of the high frequency of exposure outside the
home.

A number of risk factors for asthma and childhood
wheezing have been confirmed in this analysis. LRI was
a strong predictor for both asthma and recurrent wheez-
ing in our cohort. Most wheezing in early life is associ-
ated with viral infections, especially infection with respi-
ratory syncytial virus.13 We can only assume that the
wheezing episodes in the children in our cohort occurred
in the setting of these LRIs because we could determine
the timing of these wheezing episodes to no closer than 1

year preceding questionnaire administration. Further-
more, no specimens for determination of the cause of
these LRIs were collected. Although debate continues
about whether viral respiratory illnesses early in life are
protective against or are risk factors for asthma and aller-
gies,19,20 it appears that—at least in this cohort of sus-
ceptible children of parents with asthma, allergy, or
both—LRIs are strongly associated with incident asthma
and recurrent wheezing. An alternative explanation is
that these children are predisposed to both severe LRIs
and asthma.

Young maternal age,21 maternal cigarette smoking
during pregnancy,22 environmental tobacco smoke expo-
sure,23 prematurity,24 maternal asthma,14 and low socio-
economic status11,25 have all been shown to be risk fac-
tors for both childhood asthma and wheezing. These
variables were related to either or both incident asthma
and recurrent wheeze among asthmatic and nonasthmat-
ic subjects in our univariate analyses. However, in the
multivariable models these variables were not statistical-
ly related to the respective outcomes, probably because
relatively few children ultimately experienced the out-
comes and were exposed to the risk factors during this

TABLE IV. Multivariable models for recurrent wheeze among asthmatic children

Variable Full model Reduced model A Reduced model B Reduced model C

Cockroach allergen
<0.05 U/g 1.00 1.00 1.00 1.00
0.05-<2 U/g 2.45 (1.01-6.00) 2.81 (1.17-6.71) 2.51 (1.02-6.16) 2.12 (0.88-5.11)
≥2 U/g 2.47 (0.34-18.13) 3.69 (0.81-16.87) 2.13 (0.29-15.83) 5.26 (1.42-19.53)

Recurrent LRI
No 1.00 1.00 1.00 1.00
Yes 6.32 (2.23-17.90) 5.49 (2.02-14.88) 6.97 (2.53-19.21) 9.90 (4.36-22.49)

Maternal age at child’s birth
>25 y 1.00 1.00 1.00 —
≤25 y 1.53 (0.60-3.93) 1.76 (0.74-4.18) 1.85 (0.67-5.12) —

Prematurity
No 1.00 1.00 1.00 —
Yes 1.58 (0.72-3.47) 1.62 (0.68-3.83) 1.33 (0.61-2.90) —

Current* cigarette smoking in the home 
No 1.00 1.00 1.00 1.00
Yes 2.58 (0.61-10.96) 2.67 (0.67-10.68) 2.81 (0.70-11.28) 3.27 (1.08-9.91)

Sex
Female 1.00 1.00 1.00 —
Male 1.86 (0.76-4.56) 1.70 (0.68-4.29) 1.83 (0.72-4.66) —

Race
White 1.00 — 1.00 —
Nonwhite 2.11 (0.58-7.62) — 1.99 (0.54-7.28) —

Area of residence by percentage of
households below poverty
<20% 1.00 1.00 — —
≥20% 0.36 (0.10-1.28) 0.41 (0.11-1.49) — —

Parental education
College or beyond 1.00 1.00 — —
High school or less 1.30 (0.46-3.64) 1.48 (0.47-4.64) — —

Maternal asthma
No 1.00 1.00 1.00 —
Yes 1.81 (0.75-4.36) 1.94 (0.80-4.70) 1.84 (0.76-4.46) —

Values are given as RR (95% CI).
*At the time of the first questionnaire.
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short observation period. Further follow-up is expected
to minimize this limitation in future analyses.

In the United States asthma appears to affect under-
privileged populations disproportionately.26 Compared
with white children in our cohort, nonwhite children were
more likely to have incident asthma and recurrent asth-
matic wheezing in univariate models. Hispanic children,
in particular, appeared more likely to have recurrent
nonasthmatic wheezing than the other children in our
cohort. Although the situation for minority children in the
United States is complex, exposures related to low socioe-
conomic status are thought to play a role in the risk for
asthma and wheezing respiratory illnesses26,27 in addition
to some inherent biologic differences among races.28,29

In summary, we have presented data that relate expo-
sure to cockroach allergens with incident asthma. To our
knowledge, this is the first time this relationship has been
shown. We have also confirmed that exposure to cock-
roach allergen predisposes asthmatic subjects to recur-
rent episodes of wheezing, although sensitization data
are lacking. Furthermore, it appears that levels of cock-
roach allergen lower than those previously associated
with symptoms and disease may be important in suscep-
tible cohorts like ours. It is not yet clear whether cock-
roach allergen is more potent than other allergens in elic-
iting an allergic response and whether mechanisms or
pathways other than sensitization are important.
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