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Residential Exposures Associated With Asthma in US Children

Bruce P. Lanphear, MD, MPH*; C. Andrew Aligne, MD1; Peggy Auinger, MS}; Michael Weitzman, MDZ;
and Robert S. Byrd, MD, MPH§

ABSTRACT. Objective. Residential exposures are rec-
ognized risk factors for childhood asthma, but the rela-
tive contribution of specific risk factors and the overall
contribution of housing to asthma in US children is
unknown. The objective of this study was to identify risk
factors and estimate the population attributable risk of
residential exposures for doctor-diagnosed asthma for
US children.

Methods. A cross-sectional survey was conducted
from 1988 to 1994. Survey participants were 8257 children
who were <6 years old and who participated in the Third
National Health and Nutrition Examination Survey, a
survey of the health and nutritional status of children
and adults in the United States. The main outcome mea-
sure was doctor-diagnosed asthma, as reported by the
parent.

Results. Six percent of children had doctor-diagnosed
asthma. The prevalence of asthma was higher among
boys (6.7%) than girls (5.1%) and was higher among black
children (8.9%) than white children (5.2%). Risk factors
for doctor-diagnosed asthma included a family history of
atopy (odds ratio [OR]: 2.2; 95% confidence interval [CI]:
1.5, 3.1), child’s history of allergy to a pet (OR: 24.2; 95%
CI: 8.4, 69.5), exposure to environmental tobacco smoke
(OR: 1.8; 95% CI: 1.2-2.6), use of a gas stove or oven for
heat (OR: 1.8; 95% CI: 1.02-3.2), and presence of a dog in
the household (OR: 1.6; 95% CI: 1.1, 2.3). The population
attributable risk of =1 residential exposure for doctor-
diagnosed asthma in US children <6 years old was
39.2%, or an estimated 533 000 excess cases, whereas hav-
ing a family history of atopy accounted for 300 000. The
attributable cost of asthma as a result of residential ex-
posures for children <6 years old was $402 million (95%
CI: $296-$507 million) annually.

Conclusions. The elimination of identified residen-
tial risk factors, if causally associated with asthma,
would result in a 39% decline in doctor-diagnosed
asthma among US children <6 years old. Pediatrics 2001;
107:505-511; NHANES, children, pediatric, prevention, ep-
idemiology, allergic rhinitis, medical costs, day care, hous-
ing, pets and environment.

ABBREVIATIONS. ETS, environmental tobacco smoke; PAR, pop-
ulation attributable risk; NHANES, National Health and Nutrition
Examination Survey; 95% ClI, confidence interval; OR, odds ratio.
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sthma, the most common chronic illness of

childhood, is estimated to affect more than 4

million children in the United States.! De-
spite advances in therapy and in our understanding
of the pathophysiology of this disease, there has been
an increase in the prevalence, morbidity, and mor-
tality of children with asthma during the past 2 de-
cades.’=3 From 1980 to 1993, the prevalence of asthma
increased by 75%, with the largest increase occurring
in children <5 years old.! Each year, asthma leads to
more than 3 million clinic visits, 550 000 emergency
visits, 150 000 hospitalizations, and in excess of 150
deaths in children <15 years old.!

Numerous risk factors for childhood asthma have
been identified. Residential exposures, including en-
vironmental tobacco smoke (ETS) and indoor aller-
gens, have been shown consistently to be potent risk
factors for the development and exacerbation of asth-
ma.*~19 Specific risk factors implicated in childhood
asthma often vary by geography, urbanization, and
poverty. Thus, with the exception of ETS3? the rel-
ative contribution of specific residential exposures
and the overall contribution of housing factors to
asthma in US children remains unclear. Estimating
the contribution of residential exposures and hous-
ing is critical to developing a strategy to prevent
childhood asthma. The objective of this study was to
identify risk factors and estimate the population at-
tributable risk (PAR) of residential exposures for
doctor-diagnosed asthma among a representative
sample of children <6 years old in the United States.

METHODS

The Third National Health and Nutrition Examination Survey
(NHANES 1II), conducted from 1988 to 1994, was the source of
data for this study. NHANES III is a cross-sectional, random
household survey of the civilian, noninstitutionalized population
that used a complex, multistage probability sampling design. The
definition of asthma used in this study was based on parent
report, as determined by a positive response to the survey ques-
tion, “Were you ever told by a doctor that your child had asth-
ma?”

A review of the literature on the cause of asthma was con-
ducted to identify environmental and residential risk factors for
childhood asthma. We focused on modifiable factors that could be
investigated by using NHANES III. These included features of
housing,? type of heating,?! children’s exposure to ETS,58911-13
exposure or allergies to pets,®”10 use of a gas stove or oven for
heat,?? and day care attendance. Unfortunately, skin tests were not
performed for children <6 years old in NHANES III.

Although we were interested primarily in environmental risk
factors, we included host-related variables to adjust for possible
confounding. These variables included child’s age,®® gender,!!
race or poverty,20-2324 index child’s history of hay fever or allergic
rhinitis, 825 stay in the neonatal intensive care unit, and low birth
weight.20 Measures of socioeconomic status, such as educational
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achievement of household head and family income below the
federal poverty level, were also included in the analyses.?32* Fi-
nally, we used parental history of atopy (defined as history of
asthma or allergic rhinitis) as a measure of genetic predisposition
to asthma 141819

Bivariate analyses were conducted to determine associations
with doctor-diagnosed asthma. Then we developed a summary
logistic regression model that included all variables that were
associated significantly with doctor-diagnosed asthma in bivariate
analyses (P < .10).

The independent associations of various factors with doctor-
diagnosed asthma were estimated by using logistic regression
analysis. The Hosmer-Lemeshow goodness-of-fit test statistic was
calculated using SAS software (SAS Institute, Inc, Cary, NC) to
measure how well the logistic regression model fit the data. The
Hosmer-Lemeshow test statistic indicated that the model pro-
vided a good fit (H-L statistic = 5.23; P = .73). Ninety-five percent
confidence intervals (CIs) were calculated for odds ratios (ORs);
those that did not include one were considered statistically signif-
icant. Analyses using SUDAAN software (Research Triangle Park
Institute, Research Triangle Park, NC) were used to account for
the complex, multistaged sampling design of the survey. Sample
weights were used to produce national estimates by adjusting for
the oversampling of young children and minority groups. The
PAR was calculated for independent associations.?¢

We used published data on the economic cost of asthma to
estimate the cost attributable to residential factors.?” Direct costs
included clinic and emergency department visits, hospital outpa-
tient services, hospitalization, and medications. Indirect costs in-
cluded loss of work as a result of school absence and illness days.
We presented costs inflated to 1997 dollars using inflation factors
based on the Statistical Abstract of the United States.?® We compared
health services use for children who had residential-associated
asthma with those who had no such exposure. Because there was
no difference in health service use by residential exposure status,
the cost of residential asthma was the product of the fraction of
cases attributable to residential exposures and the total cost.

RESULTS

Overall, 491 (5.9%) of the sample of 8257 children
surveyed had doctor-diagnosed asthma (Table 1).
This prevalence rate corresponds to 1.36 million chil-
dren <6 years old in the US population. The preva-
lence of asthma was 5.2% among white children,
8.9% among black children, and 6.3% among chil-
dren of other racial or ethnic backgrounds. The re-
ported prevalence of doctor-diagnosed asthma was
2.5% in infants and increased to 8.4% in 5-year-old
children.

Host factors that were independently associated
with doctor-diagnosed asthma included a parental
history of atopy (OR: 2.2; 95% CI: 1.5, 3.1) and black
race (OR: 1.6; 95% CI: 1.1, 2.3; Table 2). Children with
a history of allergic rhinitis, as reported by the par-
ent, were 5 times more likely to have doctor-diag-
nosed asthma (OR: 5.6; 95% CI: 2.4, 13.0), and boys
were at marginally increased risk for having asthma
compared with girls (OR: 1.5; 95% CI: 0.97, 2.2).

We identified several residential exposures that
were associated with childhood asthma after adjust-
ing for potential confounders in a logistic regression
analysis (Table 2). Children who had a history of
allergies to a pet—defined as having ever given
away or avoided pets due to allergies—were 24 times
more likely to have doctor-diagnosed asthma. Pres-
ence of a dog in the house (OR: 1.6; 95% CI: 1.1, 2.3),
exposure to ETS (OR: 1.7;95% CI: 1.2, 2.5), and use of
gas stove or oven for heat (OR: 1.8; 95% CI: 1.0, 3.1)
also were independently associated with doctor-di-
agnosed asthma.

06 RESIDENTIAL EXPGSURES AND CHILDHODR ASTHY

g

There was a trend toward age of residence as a risk
factor for doctor-diagnosed asthma. Children who
lived in housing that was built between 1946 and
1973 were 1.5 times more likely to have doctor-diag-
nosed asthma compared with children who lived in
housing that was built before 1946, but this charac-
teristic did not reach statistical significance (Table 2).

Analyzing for interactions revealed that the effect
of tobacco was neither increased nor decreased by
the presence of allergies. Similarly, there were no
statistically significant interactions between tobacco
exposure and family history of asthma or perinatal
disease, including low birth weight or stay in a neo-
natal intensive care unit. There also was no interac-
tion of family history of allergy and presence of a
dog or cat in the household.

We calculated the PAR to estimate the contribution
of various risk factors for asthma. The PAR repre-
sents the cases of asthma that would be prevented if
the children were not exposed to specific agents or
risk factors. More than 350 000 excess cases of child-
hood asthma were attributable to having a pet aller-
gy—defined as having given up or avoided a pet
because of allergies. Exposure to ETS accounted for
177 000 excess cases of doctor-diagnosed asthma, a
dog in the household accounted for 140 000 excess
cases, and using a gas stove or oven for heat ac-
counted for 59 000 excess cases (Table 3).

Next, we estimated the PAR of having =1 residen-
tial exposure for doctor-diagnosed asthma. Of the
1.36 million cases of doctor-diagnosed asthma in US
children <6 years old, we estimated that 533 000
(39.2%) were attributable to residential exposures. In
contrast, having a parent with a history of atopy
accounted for approximately 300 000 excess cases
(Table 3).

We compared health care use among children who
had residential-associated asthma (defined as chil-
dren with asthma who had 1 or more residential
exposures associated with asthma) with those who
had nonresidential-associated asthma. Health ser-
vices use and episodes of wheezing did not differ
among children who had 1 or more residential expo-
sures associated with asthma compared with those
who did not have any such exposure (Table 4). There
were no significant differences in the frequency of
wheezing, wheezing apart from a cold, hospitaliza-
tion, or emergency and clinic visits for children with
or without identified residential exposures.

Because there were no significant differences in
health services use for children with or without an
identified residential exposure, we assumed that the
costs associated with residential exposures were pro-
portional to the PAR fraction. On the basis of a PAR
of 39.2% (95% CI: 29.8%—49.5%), the total (direct and
indirect) cost of asthma attributable to residential
risk factors was $402 million (95% CI: $296-$507
million) annually for children <6 years old.

DISCUSSION

The results of these analyses indicate that approx-
imately 532 000, or 39%, of the 1.36 million cases of
doctor-diagnosed asthma in US children <6 years
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TABLE 1. Prevalence of Doctor-Diagnosed Asthma in NHANES III (1988 to 1994) According to
Demographic, Host, and Residential Factors
Variable Sample Percent Prevalence
Size (95% CI)

Total 8257 59(5.1,6.7)
Gender

Male 4086 6.7 (5.7,7.7)

Female 4171 5.1 (4.0, 6.2)
Race

Black 2274 8.9 (7.5,10.3)

White 5642 52(4.2,6.2)

Other 341 6.3(2.4,10.2)
Poverty status

<100% 2858 8.8(7.3,10.3)

101%-150% 1124 7.0(5.1,8.9)

>150% 3492 4.7 (3.7,5.7)
Education of head of family

<High school graduate 2858 7.6(6.1,9.1)

High school graduate 2699 6.6 (4.9,8.3)

>High school graduate 2512 45(3.3,5.7)
Received care in neonatal intensive care unit

Yes 936 6.0(3.7,8.3)

No 7308 5.8(5.1,6.7)
Birthweight

<2500 g 672 7.2 (4.3,10.1)

=2500 7377 5.8 (5.0, 6.6)
Dog in home

Yes 1387 6.3 (4.4,8.3)

No 6844 5.8 (5.0, 6.6)
Smoking

Prenatal and postnatal 1360 9.5(7.5,11.5)

Prenatal only 273 7.6(3.2,11.9)

Postnatal only 1741 5.7 (3.9,7.5)

None 4814 4.8(3.9,5.6)
Cat in home

Yes 969 4.8(3.0,6.7)

No 7262 6.2(5.3,7.0)
Given up pet due to allergies

Yes 111 59.3 (41.0, 77.6)

No 8119 5.1(4.3,5.9)
Use gas stove or oven for heat

Yes 775 10.8 (6.6, 15.0)

No 7448 5.6 (4.8,6.5)
Urban residence

Yes 4394 52(4.2,6.2)

No 3863 6.7 (5.5,7.9)
Year house built

<1946 1422 5.4(3.9,6.9)

1946-1973 3229 7.4 (5.8,9.0)

>1973 2393 4.6 (3.6,5.6)
Attend day care

=10 h/wk 1981 7.7 (5.9,9.5)

<10 h/wk 439 5.6 (2.8,8.4)

None 5837 5.1(4.2,6.0)
Hay fever

Yes 144 32.8(22.2,43.5)

No 8113 5.3 (4.5,6.1)
Biological parent ever told has asthma or hay fever

Yes 1566 11.0 (9.0, 12.9)

No 6582 4.4(3.6,5.6)
Ever breastfed

Yes 3876 4.8(3.7,5.9)

No 4369 7.2(6.1,8.2)

old could be prevented by eliminating exposures to
indoor pollutants and allergens in housing. The ef-
fect of eliminating residential risk factors, if they are
indeed causal, would have a profound impact on
hospitalization rates, emergency and clinic visits, di-
rect and indirect medical costs, school absences, and
health and functioning of children.?”

Children with a history of allergic rhinitis were
more likely to have doctor-diagnosed asthma. Aller-

gic rhinitis, as measured by a history of hay fever or
nasal eosinophilia, has been reported to be an espe-
cially potent risk factor for the subsequent develop-
ment of asthma.'®2 It is difficult to disentangle the
diagnosis of allergic rhinitis as an indicator of pre-
disposition to asthma or the result of environmental
exposure. Similarly, family history of atopy may rep-
resent shared genes or common environmental ex-
posures that predispose to asthma.
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TABLE 2. Adjusted ORs for Doctor-Diagnosed Asthma in Children Less Than Six Years Old,
NHANES III (1988-1994)
Variable Odds Ratio P Value
(95% CI)

Gender

Male 1.5(0.97, 2.2) 07

Female* Referent —
Race

Black 1.6 (1.1, 2.3) .02

Other 1.2(0.6, 2.6) 64

White* Referent —
Poverty status

<100% 1.5(0.9, 2.5) .16

101%-150% Referent —

>150%* 0.7 (04, 1.2) .20
Education of head of family

<High school graduate 0.9 (0.6, 1.4) .63

High school graduate 0.8 (0.5, 1.2) .35

>High school graduate* Referent —
Received care in neonatal intensive care unit

Yes 0.7 (04, 1.2) .18

No* Referent —
Birth weight

<2500 g 1.6 (0.8, 3.1) 21

=2500* Referent —
Smoking

Prenatal and postnatal 1.7 (1.2, 2.5) .01

Prenatal only 1.3 (0.6, 3.0) 47

Postnatal only 0.9 (0.6, 1.3) .50

None* Referent —
Dog in home

Yes 1.6 (1.1, 2.3) 02

No* Referent —
Cat in home

Yes 0.9 (0.5, 1.4) .50

No* Referent —
Ever given up pet because of allergies

Yes 24.7 (84, 72.9) <.001

No* Referent —
Use gas stove or oven for heat

Yes 1.8 (1.02, 3.1) .04

No* Referent —
Urban residence

Yes 0.7 (0.5, 1.1) 11

No* Referent —
When house built

>1973 1.0 (0.7, 1.5) .82

1946-1973 1.5(0.9, 2.5) 10

<1946* Referent —
Attend day care

=10 h/wk 1.6 (1.1, 2.3) .01

<10 h/wk 1.8(0.9, 3.7) 11

None* Referent —
Hay fever

Yes 5.6 (24, 13.0) <.001

No* Referent —
Biological parent ever told has asthma or hay fever

Yes 2.2(1.5,3.1) <.001

No* Referent —
Ever breastfed

Yes 0.8 (0.6, 1.2) .31

No* Referent —

* Reference category; adjusted for gender, race, poverty status, education of head of family, ever
breastfed, received care in neonatal intensive care unit, birth weight, cat in home, urban residence, and

age house built.

The presence of a dog in the household and having
an allergy to a pet were major risk factors for doctor-
diagnosed asthma in US children. Pet allergens have
been associated with asthma in numerous stud-
ies.#10:3031 In contrast, another report suggested that
exposure to pets during infancy was associated with
a lower prevalence of asthma at 12 to 13 years of

508 RESIDENTIAL EXPCE%JVIEFOS elaIPo%I_VIVIVLW[\?

age.3? Consistent with national surveys conducted in
Europe,?°3! this present analysis indicates that pets
were the predominant risk factor for asthma in US
children. These variables may overestimate the risk
of asthma from exposure to pets, however, because
the temporal relationship of exposure and onset of
asthma was unknown. A family may have given
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TABLE 3. Population Attributable Fraction for Host Factors and Residential Exposures Associ-
ated With Doctor-Diagnosed Asthma in Children Less Than Six Years Old, NHANES III (1988-1994)*
Characteristic Exposed OR  95% CI Attributable Excess
(%) Fraction (%) Cases
Host factors
Allergic rhinitis in index child 2.2 56 24,130 9.3 126 000
Parental history 23.8 22 15,31 21.7 294 000
Environmental factors
Given up pet because of allergies 15 247 84,729 26.3 358 000
Exposure to ETS 19.0 1.7 12,25 12.0 164 000
Dog in the house 20.5 16 11,23 10.4 142 000
Gas stove or oven for heat 5.7 1.8 1.0,3.1 4.3 58 000
Day care attendance 29.1 1.6 11,23 14.5 198 000
Residential factorst
=1 Residential exposure 39.6 26 18,39 39.2 533 000

Given up a pet because of allergies
Environmental tobacco smoke

Dog in household

Use of gas stove

* The risk factors are not mutually exclusive, and the estimates of attributable risk are not additive. All
odds ratio and attributable risks are adjusted for gender, race, poverty status, education of head of
family, ever breastfed, received care in neonatal intensive care unit, birth weight, cat in home, urban

residence, and age house built.

t Residential factors did not include day care attendance.

TABLE 4.
dential Exposure, NHANES III (1988-1994)*

Asthma Symptoms and Health Services Use Among Children With Asthma by Resi-

Variable Prevalence in Children Prevalence in Children P
With Residential Asthma With Nonresidential Value
(n = 255) Asthma (n = 236)

Wheezing apart from a cold 48.3% 40.7% 26
In the past 12 mo . ..

Wheezing 77.8% 75.5% 74

Mean number of episodes (SD) 30.3 (£5.9) 474 (=11.4) .18

Hospitalized for wheezing 12.7% 14.5% .70

Emergency room or clinic visit 67.9% 54.5% 13

for wheezing

* Residential asthma is defined as children with asthma who had 1 or more residential exposures that

were associated with asthma.

away a pet, for example, because the child received a
diagnosis of asthma unrelated to pet allergy.

The impact of passive smoking on the prevalence
and severity of childhood asthma is substan-
tial 8911-14 Exposure to ETS has been associated with
bronchial hyperreactivity; the mean number of exac-
erbations of asthma increase and pulmonary func-
tion tests worsen as cotinine levels increased.>%11.14
It has been estimated that between 1988 and 1994,
approximately 38% of US children <6 years old were
exposed to ETS.?

Childhood asthma was also found to be associated
with use of a gas stove or oven for heating. Most
combustion heating appliances are vented to the out-
side of housing to facilitate removal of the products
of combustion, including nitrogen dioxide, carbon
monoxide, and carbon dioxide.?? Cooking devices
that are used improperly for heating often are not
vented and may therefore be associated with high
levels of nitrogen dioxide and other emissions.?® Gas
stoves or ovens are most often used for heat in the
southeastern United States, especially in poor and
rural housing.

Targeting asthma prevention efforts is difficult.
Consistent with other studies, we found that a family
history of hay fever or asthma was a major risk factor

for doctor-diagnosed asthma'#!81%; yet, although
44% of children with asthma in this analysis had a
parental history of atopy, >50% did not have such a
history. Moreover, only 11% of children with a fam-
ily history of atopy had doctor-diagnosed asthma.
Thus, if interventions are targeted only to families
with a history of atopy, then 60% of children who
will receive a diagnosis of asthma in the first 6 years
of life would be neglected and only 11% of children
who are targeted potentially would benefit. Al-
though exposures to ETS and sensitization to indoor
allergens are considered to be causally associated
with asthma development or exacerbations,?* this
has not been tested in experimental trials. Thus, ad-
ditional research is necessary to prove that the elim-
ination of exposures will result in lower rates of
asthma. Finally, it is relatively easy to attribute a
large fraction of doctor-diagnosed asthma to housing
factors, but it will be considerably more difficult to
eliminate such exposures on a national level.
Certain limitations of these analyses should be
acknowledged. Asthma was based on parental re-
port. Cotinine and pulmonary function tests were
not available for this age group, and a maternal
postnatal smoking variable was not present. Instead,
the independent association of the combined vari-
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able for prenatal and postnatal tobacco exposure but
not postnatal exposure alone most likely served as a
proxy for maternal smoking. Because we were not
able to measure exposure or sensitization to various
allergens (eg, dust mite, fungi, cockroach), we may
have underestimated the contribution of residential
exposures to doctor-diagnosed asthma. We also did
not have a measure of viral infections that have been
associated with wheezing, such as respiratory syn-
cytial virus, with the exception of day care atten-
dance as a risk factor for viral infections. Finally, if
children who are genetically predisposed develop
asthma only if they are exposed to allergens, then our
estimates of the PAR of residential exposures are
low.

Similar to other studies, this analysis was limited
by the lack of a universally accepted definition for
asthma.?® Some studies combined doctor-diagnosed
asthma and wheezing as a measure for asthma,
whereas we included only children with doctor-di-
agnosed asthma to enhance diagnostic specificity.
Although 60% to 90% of individuals who eventually
develop asthma received that diagnosis by 6 years of
age,%*57 some children who receive a diagnosis of
asthma in the first 3 years of life will not develop
persistent asthma.'® Thus, these findings may not be
relevant for older children who spend less time in
their primary residence and for whom allergen-in-
duced asthma is increasingly important. Still, wheez-
ing in the first 6 years of life is associated with
considerable morbidity and mortality.

Taken together, these and other data demonstrate
clearly that children’s health is inextricably linked
with housing. More than 60% of fatal injuries among
children <15 years old occurred in the home.3® Ex-
posure to ETS competes with injuries as the leading
cause of disease and disability in children,? and
subclinical lead toxicity, affecting 1 in every 20 US
children, is primarily attributable to residential lead
hazards.#04! Unfortunately, despite growing evi-
dence that residential exposures have a dramatic
impact on children’s health, housing is largely ig-
nored as a public health problem.

CONCLUSION

We identified a number of residential exposures
that were associated with doctor-diagnosed asthma
in US children who were surveyed from 1988 to 1994.
Parents need to consider carefully the risks and ben-
efits of owning a pet, particularly during early child-
hood and especially if there is a maternal history of
an allergic condition. Exposure to ETS increases the
risk of asthma for young children, regardless of the
presence of a coexisting allergic disorder or pulmo-
nary disease. The results of these analyses indicate
that the elimination of residential exposures, if caus-
ally related with asthma, could have a profound
effect on medical costs in the United States and, more
importantly, on the health of children.
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KIDS ARE NOT PROTECTED

The Food and Drug Administration (FDA) has the budget and the authority to
test products before they are put on the market, and the National Highway Traffic
Safety Administration has extensive authority to set mandatory safety standards
for motor vehicles, but the Consumer Product Safety Commission, which oversees
children’s products, can do little to prevent inadequately tested products from
being sold . . . millions of products that are unsafe can be sold, and scores of kids
killed before the product is withdrawn for sale.

Felcher EM. Children’s products and risk. Atlantic Monthly. November 2000
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