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ABSTRACT. Environmental exposures may increase a
child’s risk of developing asthma and also may increase
the risk of asthma exacerbations. This article reviews
several environmental exposures and suggests whether
they contribute to asthma prevalence, asthma exacerbations, or both. Outdoor air exposures and violence are not
likely to cause the increase in asthma prevalence. Exposure to outdoor air pollutants primarily leads to increased exacerbations, sometimes manifested as asthma
clusters. Clinicians should be alert for space-time clusters
of asthma exacerbations in the community, because these
clusters may suggest a modifiable point-source exposure.
Indoor air exposures are more strongly linked to the
increase in asthma prevalence. Exposure to dust mites
and tobacco smoke are risk factors for the development
of asthma and may also exacerbate existing asthma. Effective measures to prevent exposures to these pollutants
are available. With proper management, the amount of
environmental exposures can be decreased. Whether decreasing these exposures will result in decreases in
asthma prevalence and exacerbations is not yet
documented. Pediatrics 2003;112:233–239; asthma, indoor
air pollution, outdoor air pollution.
ABBREVIATION. ppb, parts per billion.

R

ates of asthma morbidity and mortality are
increasing.1–7 From 1980 to 1994, the prevalence of asthma in the United States increased
75%.8 Asthma is more prevalent among black children than among white children.2,9 Black children
are hospitalized for asthma at a higher rate than are
white children, although much of this difference is
likely attributable to poverty rather than to race.10,11
From a public health perspective, it is useful to
consider 2 separate dimensions of the asthma problem. The first is that the proportion of children in
whom asthma has been diagnosed is increasing. Environmental exposures are among the many possibilities that have been proposed to explain the increase. The second component of the asthma
problem is the increase in asthma attacks among
children who already have asthma. Environmental
exposures are also among the many possible explanations for this increase.
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For the purposes of this article, the home environment includes exposures inside the home (eg, dust
mites, cats and dogs, cockroaches, environmental tobacco smoke, molds) and also exposures in the
neighborhood of the home (eg, outdoor air pollutants, violence). A child’s home environment contributes to the risk of developing asthma and the subsequent risk of having asthma attacks12–14; a recent
study indicated that violence may also contribute to
the risk of asthma attacks.15 Children who live in
poverty are often exposed to violence. Whether children who live in poverty are more heavily exposed
to indoor and outdoor air pollutants than are children who do not live in poverty is not known.
It is essential for clinicians to be knowledgeable
about environmental precipitants of asthma, because
this information may help them to counsel patients
and their parents. Ideally, clinicians would focus
their energy on primary prevention of asthma (prevention of the initial onset of asthma). At this time,
however, the effectiveness of many primary prevention strategies is unknown. As a result, most clinicians have relied on secondary prevention (ie, trying
to prevent exacerbations in children with known
asthma, in part by decreasing environmental exposures, which cause worsening of symptoms). What is
not widely recognized, however, is that the effectiveness of many secondary prevention measures is also
unknown.
The purpose of this article is to review the evidence regarding the link between environmental exposures and asthma prevalence and exacerbations.
The realization that environmental exposures could
lead to asthma attacks has its origins in studies of
clusters of asthma.
Much of what we now know about the relation
between outdoor air exposures and asthma came to
light as a result of asthma clusters in communities.
Clinicians should be alert for space-time clusters of
asthma exacerbations in the community, because
these clusters may suggest a modifiable point-source
exposure.16 –19 Specific outdoor air pollutants linked
to clusters of asthma are described in the following
paragraphs.
EXPOSURE TO OUTDOOR AIR POLLUTANTS
Exposure to Castor Bean Dust

One of the first studies to document the relationship between air pollution and asthma was an investigation of an asthma cluster in Ohio. In the late
1920s, a cluster of asthma affecting 200 patients oc-
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curred in Toledo.16 Most affected patients lived
within a 1-mile radius of a castor bean mill, which
also produced linseed oil. Many of the patients
claimed that their attacks coincided with the odor of
linseed oil coming from the mill when the wind blew
in the right direction. When the health department
investigated the possibility that linseed oil might be
causing the asthma attacks, they considered it unlikely because the seed was too heavy to become
windborne. The mill, however, not only manufactured linseed oil but also expressed castor oil from
castor beans. The castor beans produced a fine dust
that was readily carried by the wind into the surrounding neighborhoods. The outbreak of asthma
attacks in Toledo was documented to have been
caused by the inhalation of castor bean grinding
dust, and the epidemic disappeared after the factory
stopped processing castor beans.16 Asthma epidemics also have been documented to occur in other
locations in the United States, including Brooklyn,
New York,20 but the cause of these epidemics is
elusive.
Exposure to Grain Dust

Beginning in 1953 and continuing for nearly 20
years, Charity Hospital in New Orleans experienced
asthma epidemics. These epidemics often involved
⬎100 asthma-related visits to the emergency department in a single 24-hour period. In 1955, ⬎350 patients with asthma were treated in the emergency
department in a period of ⬍24 hours; 2 patients died.
In early November 1960, ⬎200 people with asthma
sought care in the emergency department in a single
day. Epidemics such as this continued to occur until
1968, when they stopped, for reasons that were not
fully understood. A large number of possible causes
were studied.21–25 One of the first hypotheses was
that the asthma outbreaks might be attributable to
inhalation of particles from a waste dump site where
spontaneous underground burning was occurring.21,26 When the waste dump was removed, the
asthma outbreaks continued.22,27 Other possibilities
were suggested, including fire smoke emissions and
aeroallergens.28 Grain dust was also considered,29
because a large amount of grain from Midwestern
farms is shipped on barges down the Mississippi
River and exported through New Orleans. Along the
short stretch of the river between Baton Rouge and
the Gulf of Mexico, there are ⬎60 loading facilities. In
1968, the year the epidemics stopped, the grain elevators in New Orleans were modernized. The modernization included the addition of new dust control
equipment, such as air filters on the silos. It is likely
that these filters prevented soy dust from reaching
the city’s residents. An ecologic study documented
that the asthma epidemics occurred on days when
barges carrying soybeans were unloading in the New
Orleans harbor.30
Exposure to Soybean Dust

In the early 1980s, emergency department physicians in Barcelona, Spain, documented that sudden
increases in visits for acute severe asthma overwhelmed the emergency services on certain days.
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Between 1981 and 1987, 1155 emergency department
visits by 687 people occurred on 26 asthma epidemic
days. Careful daily surveillance was undertaken,
with documentation of the place, day, and time
when each person seeking emergency department
care at each of 4 large hospitals experienced an
asthma attack. Geographic mapping of the place
where most emergency department visitors experienced attacks on epidemic days demonstrated that
symptoms were most likely to start in the central part
of the city, near the harbor. Epidemic asthma was
found to occur only on weekdays, never on weekends. Furthermore, on epidemic days, most people
experienced their attacks in the middle of the day,
usually between 11 am and 1 pm. After studying each
of the products loaded or unloaded from ships in the
harbor, it was determined that the outbreaks of
asthma were caused by inhalation of soybean dust
released from silos during the unloading of soybeans
at the city harbor.17,18 In 1997, filters were placed on
the silos, decreasing the amount of soybean dust
emitted into the ambient air. No additional epidemics of asthma were reported in Barcelona.19
Exposure to Wood Smoke

Smoke from bush fires has been linked to increases
in emergency department visits for asthma in Sydney, Australia,31 and smoke from forest fires has
been linked to increases in emergency department
visits for asthma in California.32 These and other
studies indicate that localized outdoor air pollution
may play an important role in asthma.
Exposure to Ambient Air Pollution

Ambient (outdoor) air pollution may be deleterious to the health of children with asthma.33– 40 Some
children with asthma (as well as some children without asthma) have decreases in lung function after
exposure to ozone.41– 45 Ozone, a pollutant that is
formed primarily by vehicular exhaust and is the
principal component of urban smog, is associated
with asthma exacerbations in some children with
reactive airway disease. Levels of ozone are usually
greatest on hot summer days, and the levels tend to
reach their peak in the late afternoon. Exposure to
ambient sulfur oxides and suspended particulates
may also lead to pulmonary function decreases in
children.46 –52
Nitrogen dioxide is an oxidant gas that can penetrate deep into the lungs and damage delicate lung
tissues. Some studies have shown a relationship between nitrogen dioxide and respiratory symptoms.
Shima et al53 have demonstrated that the prevalence
of bronchitis, wheezing, and asthma increased with
each increase of 10 parts per billion (ppb) in indoor
nitrogen dioxide concentrations among girls but not
among boys.
Epidemiologic studies have documented that the
relationship between air pollution and hospital admissions for respiratory illnesses may be the largest
among people in inner cities.54 White et al55 demonstrated that the average number of emergency department visits for asthma or reactive airways disease among inner-city children in Atlanta was 37%
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greater on days when the maximum ozone levels
exceeded 11 ppb. Tolbert et al56 showed that the
relative risk for a pediatric emergency department
visit increased by 1.04 per increase of 20 ppb in the
maximum 8-hour ozone exposure level.
Although ambient air pollution may exacerbate
asthma among individual children, a large international study suggests that outdoor air pollution is not
a major factor in the development of asthma in populations.57 It is not likely that outdoor air pollution
could account for the increasing asthma prevalence
in children.
EXPOSURE TO INDOOR AIR POLLUTION

Exposure to indoor air pollutants may have a more
important effect on the development of childhood
asthma than may exposure to outdoor air pollutants.58 Many allergens and irritants (from smoke,
cockroaches, mites, molds, cats, and dogs) are found
indoors.58 – 61 In the United States, most children
spend the majority of each day (average 20 hours)
inside buildings.62 Indoor air pollution has become a
particular problem since the energy crisis of the
1970s, which led to the construction of more energyefficient buildings with less air circulation.
The Institute of Medicine recently released a report, “Clearing the Air,” on the relationship between
indoor air pollution and asthma.58 The report described the quality of the evidence supporting the
relationship between certain indoor pollutants and
asthma development and exacerbations. Five levels
of evidence were identified: sufficient evidence of a
causal relationship, sufficient evidence of an association, limited or suggestive evidence of an association, inadequate or insufficient evidence to determine whether an association exists, and limited or
suggestive evidence of no association. Indoor air pollutants for which there is sufficient evidence of a
causal relationship and sufficient evidence of an association are described in this article and are summarized in Table 1.
Exposure to Environmental Tobacco Smoke

Exposure to environmental tobacco smoke is a risk
factor for the development of asthma and for asthma
attacks in children with existing disease. The Institute of Medicine concluded that there is sufficient
evidence of an association between exposure to environmental tobacco smoke and the development of
asthma and sufficient evidence of a causal relation-

TABLE 1.

ship between exposure to environmental tobacco
smoke and exacerbations of asthma.58
Birth certificate data for 1999 indicate that 12.3% of
women who gave birth reported smoking during
pregnancy.63 Exposure to tobacco smoke products in
utero is a risk factor for wheezing in the first year of
life.64
Approximately 42% of children 2 months to 11
years of age live in a home with at least 1 smoker.65
An estimated 8.7 to 12.4 million US children younger
than 5 years are exposed to cigarette smoke at
home.66 Children who have asthma and whose parents smoke have more frequent asthma attacks and
more severe symptoms.67– 80 One study suggested
that if parents expose their children with asthma to
less cigarette smoke, then their asthma symptoms
may be less severe.81 More studies are needed on the
effectiveness of decreasing the amount of environmental tobacco smoke to which children are exposed. Nonetheless, the Centers for Disease Control
and Prevention has conducted systematic reviews on
11 interventions to decrease the amount of environmental tobacco smoke to which children are exposed
and has made recommendations regarding the use of
these interventions.82
Indoor Exposure to Dust Mites

The Institute of Medicine has concluded that sensitization to house dust mites is an important risk
factor for asthma development and also asthma exacerbations.58,83– 85 Household interventions can decrease children’s exposure to dust mites. Plastic mattress covers are an effective measure to decrease dust
mite infestation of bedding. Several randomized controlled trials have demonstrated a significant decrease in concentrations of mite allergen on mattresses covered by polyurethane casings.86,87
Vojta et al88 recently conducted a randomized trial
of physical interventions to decrease house dust mite
allergen levels in low-income urban homes. They
studied bedroom carpet interventions in 11 homes.
Six homes received intensive vacuuming only, and 5
homes received dry steam cleaning and intensive
vacuuming. Although both groups of homes had
significant decreases in house dust mite levels in the
bedroom carpets, only the homes that had received
dry steam cleaning had decreases in house dust mite
levels that persisted for up to 8 weeks after the
intervention. They also studied bed interventions in
11 homes. All 11 beds received allergen-impermeable

Relationship Between Indoor Exposures and Asthma Development and Exacerbations
Indoor Exposure

Asthma Development

Asthma Exacerbations

House dust mite
Environmental tobacco smoke
Cockroach
Cat
Dog
Molds
Oxides of nitrogen
Ozone
Particulates
Sulfur dioxide

Increased
Probably increased
Maybe increased
Maybe increased
Maybe increased
?
?
?
?
?

Increased
Increased
Increased
Increased
Probably increased
Probably increased
Probably increased
Probably increased
Probably increased
Probably increased
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box springs, mattresses, and pillow covers. The bedding in 6 homes was laundered weekly by a professional service, and the bedding in the other 5 homes
was laundered at home. Both interventions resulted
in significant decreases in house dust mite levels in
the beds. They also evaluated the effects of dry steam
cleaning versus intensive vacuuming of upholstered
furniture. Both interventions were about equally effective in decreasing dust mite levels in upholstered
furniture.
Other investigators have shown little or no impact
of house dust mites on asthma. Lau et al89 showed no
correlation between levels of house dust mites and
asthma in children at 7 years of age. Gotzsche et al90
performed a meta-analysis of 23 studies of house
dust mite control measures in the management of
childhood and adult asthma. Five of the 23 studies
showed a decrease in dust mite exposure. When all
studies were considered, the results did not show
any clinical benefit from measures to reduce dust
mites.90,91 The same was true when only the 5 trials
that showed a decrease in dust mite exposure were
considered. Additional studies of effectiveness of
dust mite reduction techniques in homes of children
with asthma are needed.
Exposure to Cockroaches

The Institute of Medicine concluded that cockroach allergens are causally related to asthma attacks.58 Cockroach droppings may be one of the most
underappreciated allergens in the indoor environment.92 Multicenter asthma studies funded by the
National Institutes of Health have brought to light
the importance of cockroach allergens in causing
morbidity among inner-city children with asthma.
Cockroach allergens not only increase the risk of
asthma attacks but also may increase a child’s risk of
developing asthma.58,93 In a study among 235 children in Boston, children who lived with higher levels
of cockroach antigen (as measured by Bla g levels
from kitchen samples) were 4 times more likely to
have a new diagnosis of asthma than were children
from homes with a low level of cockroach antigen.93
Exposure to Cats

The Institute of Medicine concluded that exposure
to cats is causally related to asthma exacerbations
among children with asthma.58 Recent studies,94,95
however, have shown that the presence of a cat in the
house may decrease the risk of developing asthma.
The reasons for this apparently contradictory finding
are being investigated.
Exposure to Molds
Indoor Exposure

The Institute of Medicine concluded that exposure
to molds is associated with asthma exacerbations.58
Some molds may invoke an allergic response (resulting in asthma or allergic rhinitis) in susceptible children. Exposure to molds may lead to allergic sensitization.61 At least 60 species of molds have spores
thought to be allergenic.96 Species of particular concern are Penicillium, Aspergillus, Cladosporium, and
236
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Alternaria. On exposure to these species, nasal congestion, runny nose, sneezing, conjunctivitis, lacrimation, wheezing, chest tightness, and shortness of
breath may occur. Thirty percent of patients with
respiratory allergies seem to be particularly sensitive
to molds. Children are the most sensitive population.97–99 Strong associations have been found between mold or dampness and respiratory symptoms
(eg, wheezing, sore throat, runny nose)97,98,100 –105
and doctor-diagnosed asthma.106 –108
Outdoor Exposure

Fungal concentrations in outdoor air vary according to the season and weather conditions.109 In subarctic climates, patients with mold allergies have
more serious symptoms during spring and autumn
when outdoor mold concentrations are usually highest.110 The 1997 National Heart, Lung, and Blood
Institute Guidelines for the Diagnosis and Management
of Asthma suggest that clinicians who care for children with asthma inquire about molds in the home
environment and suggest methods to decrease the
amount of mold to which children are exposed.111
Exposure to environmental molds has been documented to play a role in asthma-related mortality.112
Airborne molds have been linked to asthma deaths
among 5- to 34-year-olds in Chicago.113 The odds of
an asthma death occurring on days with mold spore
counts of ⱖ1000 spores/m3 was 2.16 times higher
(95% confidence interval: 1.31–3.56) than that on
days with mold spore counts ⬍1000 spores/m3.
Exposure to Violence

A potential risk factor for asthma that has recently
been recognized is violence. Stress may potentiate
the allergic response to allergens by increasing the
release of inflammatory mediators and the subsequent cascade of inflammatory events characteristic
of chronic asthma.15,114
PROTECTIVE FACTORS

Several risk factors have been identified as protective against asthma. Ball et al14 showed that exposure
of young children to older children at home or to
other children in child care settings protects against
the development of asthma and frequent wheezing
later in childhood. They hypothesized that within the
first 6 months of an infant’s life, the immune response of children without atopy shifts from one
associated predominantly with type 2 helper T cells,
such as that in adults with atopic illnesses, toward
one based more on cytokines derived from type 1
helper T cells, such as that in adults without atopy.14,115 A recent study has shown that long-term
and early-life exposure to stables and farm milk induces a strong protective effect against development
of asthma, hay fever, and atopic sensitization.116
PREVENTION

The aforementioned studies have documented that
specific interventions can decrease environmental
exposures in homes of children with asthma. Despite
the growing body of evidence, many children and
their families, particularly children who live in pov-
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erty and rely on emergency departments as their
primary source of health care, may not be receiving
adequate counseling about how to avoid environmental exposures. A variety of excellent educational
materials have been developed to teach parents and
children with asthma about the importance of their
environment, and several excellent reviews of indoor
environmental controls in asthma management have
been published.117–119
To prevent unnecessary exposures to outdoor air
pollution, clinicians who care for children should be
aware of the implications of municipal smog alerts
and provide appropriate guidance to children with
asthma and their parents regarding exercise during
periods of high pollution.120,121
With proper management, many environmental
exposures can be decreased. What has yet to be
documented is whether this will result in decreased
morbidity from asthma. Studies to investigate this
hypothesis are currently under way.
REFERENCES
1. Evans R III, Mullally DI, Wilson RW, et al. National trends in the
morbidity and mortality of asthma in the US. Prevalence, hospitalization, and death from asthma over two decades: 1965–1984. Chest.
1987;91(suppl):65S–74S
2. Gergen PJ, Mullally DI, Evans R III. National survey of prevalence of
asthma among children in the United States, 1976 to 1980. Pediatrics.
1988;81:1–7
3. Sly RM. Mortality from asthma, 1979 –1984. J Allergy Clin Immunol.
1988;82:705–717
4. Centers for Disease Control and Prevention. Asthma–United States,
1980 –1987. MMWR Morb Mortal Wkly Rep. 1990;39:493– 497
5. Brown CM, Anderson HA, Etzel RA. Asthma. The states’ challenge.
Public Health Rep. 1997;112:198 –205
6. Vollmer WM, Osborne ML, Buist AS. 20-year trends in the prevalence
of asthma and chronic airflow obstruction in an HMO. Am J Respir Crit
Care Med. 1998;157:1079 –1084
7. Holgate ST. The epidemic of allergy and asthma. Nature. 1999;402(6760
suppl):B2–B4
8. Centers for Disease Control and Prevention. Surveillance for
asthma–United States, 1960 –1995. CDC Surveill Summ. 1998;47:1–28
9. Weitzman M, Gortmaker SL, Sobol AM, Perrin JM. Recent trends in the
prevalence and severity of childhood asthma. JAMA. 1992;268:
2673–2677
10. Gergen PJ, Weiss KB. Changing patterns of asthma hospitalization
among children: 1979 to 1987. JAMA. 1990;264:1688 –1692
11. Wissow LS, Gittelsohn AM, Szklo M, Starfield B, Mussman M. Poverty, race, and hospitalization for childhood asthma. Am J Public
Health. 1988;78:777–782
12. Cullinan P, Taylor AJ. Asthma in children: environmental factors. BMJ.
1994;308:1585–1586
13. Holt PG, Macaubas C, Stumbles PA, Sly PD. The role of allergy in the
development of asthma. Nature. 1999;42(6760 suppl):B12–B17
14. Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ, Martinez FD,
Wright AL. Siblings, day-care attendance, and the risk of asthma and
wheezing during childhood. N Engl J Med. 2000;343:538 –543
15. Wright RJ, Steinbach SF. Violence: an unrecognized environmental
exposure that may contribute to greater asthma morbidity in high risk
inner-city populations. Environ Health Perspect. 2001;109:1085–1089
16. Figley KD, Elrod RH. Endemic asthma due to castor bean dust. JAMA.
1928;90:79 – 82
17. Sunyer J, Anto JM, Rodrigo MJ, Morrell F. Case-control study of serum
immunoglobulin-E antibodies reactive with soybean in epidemic
asthma. Lancet. 1989;1:179 –182
18. Anto JM, Sunyer J, Rodriguez-Roisin R, Suarez-Cervera M, Vazquez L.
Community outbreaks of asthma associated with inhalation of soybean dust. N Engl J Med. 1989;320:1097–1102
19. Anto JM, Sunyer J, Reed CE, et al. Preventing asthma epidemics due to
soybeans by dust-control measures. N Engl J Med. 1993;329:1760 –1763
20. Goldstein IF, Currie B. Seasonal patterns of asthma: a clue to etiology.
Environ Res. 1984;33:201–215
21. Lewis R, Gilkeso M, McCamdin RO. Air pollution and New Orleans

asthma. Public Health Rep. 1962;77:947–954
22. Carroll RE. Environmental epidemiology. V. Epidemiology of New
Orleans epidemic asthma. Am J Public Health Nations Health. 1968;58:
1677–1683
23. Booth S, DeGroot I, Markush R, Horton RJ. Detection of asthma
epidemics in seven cities. Arch Environ Health. 1965;10:152–155
24. Salvaggio J, Hasselblad V, Seabury J, Heiderscheit LT. New Orleans
asthma. II. Relationship of climatologic and seasonal factors to outbreaks. J Allergy. 1970;45:257–265
25. Goldstein IF. Weather patterns and asthma epidemics in New York
City and New Orleans, USA. Int J Biometeorol. 1980;24:329 –339
26. Weill H, Ziskind MM, Dickerson RC, Derbes VJ. Epidemic asthma in
New Orleans. JAMA. 1964;190:811– 814
27. Salvaggio JE, Klein RC. New Orleans asthma. I. Characterization of
individuals involved in epidemics. J Allergy. 1967;39:227–233
28. Hendrick DJ. Asthma: epidemics and epidemiology. Thorax. 1989;44:
609 – 613
29. Weill H, Ziskind MM, Dickerson RC, Derbes VJ. Allergenic air pollutants in New Orleans. J Air Pollut Control Assoc. 1965;15:467– 471
30. White MC, Etzel RA, Olson DR, Goldstein IF. Reexamination of epidemic asthma in New Orleans, Louisiana, in relation to the presence of
soy at the harbor. Am J Epidemiol. 1997;145:432– 438
31. Churches T, Corbett S. Asthma and air pollution in Sydney. N S W
Public Health Bull. 1991;2:72–73
32. Duclos P, Sanderson LM, Lipsett M. The 1987 forest fire disaster in
California: assessment of emergency room visits. Arch Environ Health.
1990;45:53–58
33. Bates DV, Sizto R. Air pollution and hospital admissions in southern
Ontario, the acid summer haze effect. Environ Res. 1987;43:317–331
34. Bates DV. The effects of air pollution on children. Environ Health
Perspect. 1995;103:49 –53
35. Burnett RT, Smith-Doiron M, Raizenne ME, Stieb D. Association between ozone and hospitalization for acute respiratory diseases in
children less than 2 years of age. Am J Epidemiol. 2001;153:444 – 452
36. American Academy of Pediatrics, Committee on Environmental
Health. Ambient air pollution: respiratory hazards to children. Pediatrics. 1993;91:1210 –1213
37. Committee of the Environmental and Occupational Health Assembly
of the American Thoracic Society. Health effects of outdoor air pollution. Part 2. Am J Respir Crit Care Med. 1996;153:477– 498
38. Committee of the Environmental and Occupational Health Assembly
of the American Thoracic Society. Health effects of outdoor air pollution. Am J Respir Crit Care Med. 1996;153:3–50
39. Ostro B, Lipsett M, Mann J, Braxton-Owens H, White M. Air pollution
and exacerbation of asthma in African-American children in Los Angeles. Epidemiology. 2001;12:200 –208
40. McConnell R, Berhane K, Gilliland F, et al. Air pollution and bronchitic
symptoms in Southern California children with asthma. Environ Health
Perspect. 1999;107:757–760
41. Avol EL, Linn WS, Shamoo DA, et al. Respiratory effects of photochemical oxidant air pollution in exercising adolescents. Am Rev Respir
Dis. 1985;132:619 – 622
42. Avol EL, Linn WS, Shamoo DA, et al. Short-term respiratory effects of
photochemical oxidant exposure in exercising children. J Air Pollut
Control Assoc. 1987;37:158 –162
43. McDonnell WF III, Chapman RS, Leigh MW, Strope GL, Collier AM.
Respiratory responses of vigorously exercising children to 0.12 ppm
ozone exposure. Am Rev Respir Dis. 1985;132:875– 879
44. Spektor DM, Lippman M, Lioy PJ, et al. Effects of ambient ozone on
respiratory function in active, normal children. Am Rev Respir Dis.
1988;137:313–320
45. Spektor DM, Thurston GD, Mao J, He D, Hayes C, Lippmann M.
Effects of single- and multiday ozone exposures on respiratory function in active normal children. Environ Res. 1991;55:107–122
46. Ware JH, Ferris BG Jr, Dockery DW, Spengler JD, Stram DO, Speizer
FE. Effects of ambient sulfur oxides and suspended particles on respiratory health of preadolescent children. Am Rev Respir Dis. 1986;133:
834 – 842
47. Dassen W, Brunekreef B, Hoek G, et al. Decline in children’s pulmonary function during an air pollution episode. J Air Pollut Control Assoc.
1986;36:1223–1227
48. Dockery DW, Speizer FE, Stram DO, Ware JH, Spengler JD, Ferris BG
Jr. Effects of inhalable particles on expiratory health of children. Am
Rev Respir Dis. 1989;139:587–594
49. Koenig JQ, Covert DS, Pierson WE. Effects of inhalation of acidic
compounds on pulmonary function in allergic adolescent subjects.
Environ Health Perspect. 1989;79:173–178
50. Koenig JQ, Pierson WE, Horike M. The effects of inhaled sulfuric acid

Downloaded from www.aappublications.org/news by guest on December 1, 2020

SUPPLEMENT

237

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.
61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.
75.

238

on pulmonary function in adolescent asthmatics. Am Rev Respir Dis.
1983;128:221–225
Koenig JQ, Covert DS, Hanley QS, et al. Prior exposure to ozone
potentiates subsequent response to sulfur dioxide in adolescent asthmatic subjects. Am Rev Respir Dis. 1990;141:377–380
Raizenne ME, Burnett RT, Stern B, Franklin CA, Spengler JD. Acute
lung function responses to ambient acid aerosol exposures in children.
Environ Health Perspect. 1989;79:179 –185
Shima M, Adachi M. Effect of outdoor and indoor nitrogen dioxide on
respiratory symptoms in schoolchildren. Int J Epidemiol. 2000;29:
862– 870
Thurston GD, Ito K, Kinney PL, Lippmann M. A multi-year study of
air pollution and respiratory hospital admissions in three New York
State metropolitan areas: results for the 1988 and 1989 summers. J Expo
Anal Environ Epidemiol. 1992;2:429 – 450
White MC, Etzel RA, Wilcox WD, Lloyd C. Exacerbations of childhood
asthma and ozone pollution in Atlanta. Environ Res. 1994;65:56 – 68
Tolbert PE, Mulholland JA, MacIntosh DL, et al. Air quality and
pediatric emergency room visits for asthma in Atlanta, Georgia, USA.
Am J Epidemiol. 2000;151:798 – 810
International Study of Asthma and Allergies in Childhood Steering
Committee. Worldwide variation in prevalence of symptoms of
asthma, allergic rhinoconjunctivitis, and atopic eczema: ISAAC. Lancet.
1998;351:1225–1232
Institute of Medicine, Committee on the Assessment of Asthma and
Indoor Air. Clearing the Air: Asthma and Indoor Air Exposures. Washington, DC: National Academy Press; 2000
Etzel RA. Indoor air pollution and childhood asthma: effective environmental interventions. Environ Health Perspect. 1995;103(suppl 6):
55–58
Platts-Mills TA. Allergen-specific treatment for asthma: III. Am Rev
Respir Dis. 1993;148:553–555
Pope AM, Patterson R, Burge H, et al, eds. Indoor Allergens: Assessing
and Controlling Adverse Health Effects. Institute of Medicine, Committee
on the Health Effects of Indoor Allergens. Washington, DC: National
Academy Press; 1993
Schwab M, McDermott A, Spengler JD. Using longitudinal data to
understand children’s activity patterns in an exposure context: Data
from the Kanawha County Health Study. Environ Int. 1992;18:173–189
Matthews TJ. Smoking during pregnancy in the 1990s. Natl Vital Stat
Rep. 2001;49:1–14
Tager IB, Hanrahan JP, Tosteson TD, et al. Lung function, pre- and
post-natal smoke exposure, and wheezing in the first year of life. Am
Rev Respir Dis. 1993;147:811– 817
Pirkle JL, Flegal KM, Bernert JT, Brady DJ, Etzel RA, Maurer KR.
Exposure of the U.S. population to environmental tobacco smoke: the
Third National Health and Nutrition Examination Survey, 1988 –1991.
JAMA. 1996;275:1233–1240
American Academy of Pediatrics, Committee on Environmental Hazards. Involuntary smoking—a hazard to children. Pediatrics. 1986;77:
755–757
Murray AB, Morrison BJ. The effect of cigarette smoke from the mother
on bronchial responsiveness and severity of symptoms in children
with asthma. J Allergy Clin Immunol. 1986;77:575–581
Evans D, Levison J, Feldman CH, et al. The impact of passive smoking
on emergency room visits of urban children with asthma. Am Rev
Respir Dis. 1987;135:567–572
Burchfiel CM, Higgins MW, Keller JB, Howatt WF, Butler WJ, Higgins
IT. Passive smoking in childhood: respiratory conditions and pulmonary function in Tecumseh, Michigan. Am Rev Respir Dis. 1986;133:
966 –973
Chilmonczyk BA, Salmun LM, Megathlin KN, et al. Association between exposure to environmental tobacco smoke and exacerbations of
asthma in children. N Engl J Med. 1993;328:1665–1669
Ehrlich R, Kattan M, Godbold J, et al. Childhood asthma and passive
smoking. Urinary cotinine as a biomarker of exposure. Am Rev Respir
Dis. 1992;145:594 –599
Holberg CJ, Wright AL, Martinez FD, Morgan WJ, Taussig LM. Child
day care, smoking by caregivers, and lower respiratory tract illness in
the first 3 years of life. Group Health Medical Associates. Pediatrics.
1993;91:885– 892
Krzyzanowski M, Quackenboss JJ, Lebowitz MD. Chronic respiratory
effects of indoor formaldehyde exposure. Environ Res. 1990;52:117–125
Martinez FD, Cline M, Burrows B. Increased incidence of asthma in
children of smoking mothers. Pediatrics. 1992;89:21–26
Murray AB, Morrison BJ. Passive smoking by asthmatics: its greater
effect on boys than girls and on older than on younger children.
Pediatrics. 1989;84:451– 459

SUPPLEMENT

76. O’Connor GT, Weiss ST, Tager IB, Speizer FE. The effect of passive
smoking on pulmonary function and nonspecific bronchial responsiveness in a population-based sample of children and young adults. Am
Rev Respir Dis. 1987;135:800 – 804
77. Oldigs M, Jorres R, Magnussen H. Acute effects of passive smoking on
lung function and airway responsiveness in asthmatic children. Pediatr
Pulmonol. 1991;10:123–131
78. Rylander E, Pershagen G, Eriksson M, Bermann G. Parental smoking,
urinary cotinine, and wheezing bronchitis in children. Epidemiology.
1995;6:289 –293
79. Sherman CB, Tosteson TD, Tager IB, Speizer FE, Weiss ST. Early
childhood predictors of asthma. Am J Epidemiol. 1990;132:83–95
80. Weitzman M, Gortmaker S, Walker DK, Sobol A. Maternal smoking
and childhood asthma. Pediatrics. 1990;85:505–511
81. Murray AB, Morrison BJ. The decrease in severity of asthma in children of parents who smoke since the parents have been exposing them
to less cigarette smoke. J Allergy Clin Immunol. 1993;91:102–110
82. Centers for Disease Control and Prevention. Strategies for reducing
exposure to environmental tobacco smoke, increasing tobacco-use cessation, and reducing initiation in communities and health-care systems. MMWR Morb Mortal Wkly Rep. 2000;49(RR-12):1
83. Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure to housedust mite allergen (Der p I) and the development of asthma in childhood. A prospective study. N Engl J Med. 1990;323:502–507
84. Platts-Mills TA, Sporik RB, Wheatly LM, Heymann PW. Is there a
dose-response relationship between exposure to indoor allergens and
symptoms of asthma? J Allergy Clin Immunol. 1995;96:435– 440
85. Duffy DL, Mitchell CA, Martin NG. Genetic and environmental risk
factors for asthma: a cotwin-control study. Am J Respir Crit Care Med.
1998;157:840 – 845
86. Ehnert B, Lau-Schadendorf S, Weber A, Buettner P, Schou C, Wahn U.
Reducing domestic exposure to dust mite allergen reduces bronchial
hyperreactivity in sensitive children with asthma. J Allergy Clin Immunol. 1992;90:135–138
87. Murray AB, Ferguson AC. Dust-free bedrooms in the treatment of
asthmatic children with house dust or house dust mite allergy: a
controlled trial. Pediatrics. 1983;71:418 – 422
88. Vojta PJ, Randels SP, Stout J, et al. Effects of physical interventions on
house dust mite allergen levels in carpet, bed, and upholstery dust in
low-income, urban homes. Environ Health Perspect. 2001;109:815– 819
89. Lau S, Illi S, Sommerfeld C, et al. Early exposure to house-dust mite
and cat allergens and development of childhood asthma: a cohort
study. Multicentre Allergy Study Group. Lancet. 2000;356:1392–1397
90. Gotzsche PC, Hammarquist C, Burr M. House dust mite control measures in the management of asthma: meta-analysis. BMJ. 1998;317:
1105–1110
91. Gotzsche PC, Johanson HK, Burr ML, Hammerquist C. House dust
mite control measures for asthma. Cochrane Database Syst Rev. 2001;2:
CD001187
92. Rosenstreich D, Eggleston P, Katta M, et al. The role of cockroach
allergy and exposure to cockroach allergen in causing morbidity
among inner-city children with asthma. N Engl J Med. 1997;336:
1356 –1363
93. Litonjua A, Weiss ST, Burge HA, Gold DR. Cockroach allergen levels
and the incidence of asthma among children under five years old. Am J
Respir Crit Care Med. 1998;157:A643
94. Platts-Mills T, Vaughan J, Squillace S, Woodfolk J, Sporik R. Sensitization, asthma, and a modified Th2 response in children exposed to cat
allergen: a population-based cross-sectional study. Lancet. 2001;357:
752–756
95. Nafstad P, Magnus P, Gaarder PI, Jaakkola JJ. Exposure to pets and
atopy-related diseases in the first 4 years of life. Allergy. 2001;56:
307–312
96. Burge HA. Airborne allergenic fungi. Classification, nomenclature,
and distribution. Immunol Allergy Clin North Am. 1989;9:307–319
97. Martin CJ, Platt SD, Hunt SM. Housing conditions and ill health. Br
Med J (Clin Res Ed). 1987;294:1125–1127
98. Platt SD, Martin CJ, Hunt SJ, et al. Damp housing, mould growth, and
symptomatic health state. BMJ. 1989;298:1673–1678
99. Wanner H, Verhoeff A, Columbi A, et al. Biological Particles in Indoor
Environments. Luxembourg City, Luxembourg: Office for Official Publications of the European Communities; 1993
100. Dales RE, Zwanenburg H, Burnett R, Franklin CA. Respiratory health
effects of home dampness and molds among Canadian children. Am J
Epidemiol. 1991;134:196 –203
101. Strachan DP, Sanders CH. Damp housing and childhood asthma:
respiratory effects of indoor air temperature and relative humidity. J
Epidemiol Community Health. 1989;43:7–14

Downloaded from www.aappublications.org/news by guest on December 1, 2020

102. Strachan DP, Elton RA. Relationship between respiratory morbidity in
children and the home environment. Fam Pract. 1986;3:137–142
103. Strachan DP. Damp housing and childhood asthma: validation of
reporting symptoms. BMJ. 1988;297:1223–1226
104. Delfino RJ, Zeiger RS, Seltzer JM, et al. The effect of outdoor fungal
spore concentrations on daily asthma severity. Environ Health Perspect.
1997;105:622– 635
105. Delfino RJ, Coate BD, Zeiger RS, Seltzer JM, Street DH, Koutrakis P.
Daily asthma severity in relation to personal ozone exposure and
outdoor fungal spores. Am J Respir Crit Care Med. 1996;154:633– 641
106. Husman T. Health effects of indoor-air microorganisms. Scand J Work
Environ Health. 1996;22:5–13
107. Brunekreef B, Dockery DW, Speizer FE, Ware JH, Spengler JD, Ferris
BG. Home dampness and respiratory morbidity in children. Am Rev
Respir Dis. 1989;140:1363–1367
108. Dekker C, Dales R, Bartlett S, Brunekreef B, Zwanenburg H. Childhood
asthma and the home environment. Chest. 1991;100:922–926
109. Hjelmroos M. Relationship between airborne fungal spore presence
and weather variables: Cladosporium and Alternaria. Grana. 1993;32:
40 – 47
110. Goldfarb AA. The significance of mold spore allergy in childhood
respiratory disease. Ann Allergy. 1968;26:321–327
111. National Heart, Lung, and Blood Institute. Guidelines for the Diagnosis
and Management of Asthma. Rockville, MD: National Institutes of
Health; 1997 (NIH Publication No. 97-4051)
112. O’Hollaren MT, Yunginger JW, Offord KP, et al. Exposure to aeroal-

113.

114.

115.

116.

117.
118.

119.
120.

121.

lergen as a possible precipitating factor in respiratory arrest in young
patients with asthma. N Engl J Med. 1991;324:359 –363
Targonski PV, Persky VW, Ramekrishnan V. Effect of environmental
molds on risk of death from asthma during the pollen season. J Allergy
Clin Immunol. 1995;95:955–961
Wright RJ, Rodriguez M, Cohen S. Review of psychosocial stress and
asthma: an integrated biopsychosocial approach. Thorax. 1998;53:
1066 –1074
Prescott SL, Macaubas C, Smallcombe T, Holt BJ, Sly PD, Holt PG.
Development of allergen-specific T-cell memory in atopic and normal
children. Lancet. 1999;353:196 –200
Riedler J, Braun-Fahrlander C, Eder W, et al. Exposure to farming in
early life and development of asthma and allergy: a cross-sectional
survey. Lancet. 2001;358:1129 –1133
Jones AP. Asthma and the home environment. J Asthma. 2000;37:
103–124
Environmental controls and lung disease. Report of the ATS Workshop on Environmental Controls and Lung Disease. Santa Fe, New
Mexico, March 24 –25, 1988. Am Rev Respir Dis. 1990;142:915–939
Ingram JM, Heymann PW. Environmental controls in the management
of asthma. Immunol Allergy Clin North Am. 1993;13:785– 801
Etzel RA, Balk SJ, eds. American Academy of Pediatrics, Committee on
Environmental Health. Handbook of Pediatric Environmental Health. Elk
Grove Village, IL: American Academy of Pediatrics; 1999
Teague WG, Bayer CW. Outdoor air pollution. Asthma and other
concerns. Pediatr Clin North Am. 2001;48:1167–1183

Downloaded from www.aappublications.org/news by guest on December 1, 2020

SUPPLEMENT

239

How Environmental Exposures Influence the Development and Exacerbation of
Asthma
Ruth A. Etzel
Pediatrics 2003;112;233

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/112/Supplement_1/233

References

This article cites 116 articles, 16 of which you can access for free at:
http://pediatrics.aappublications.org/content/112/Supplement_1/233#
BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Pulmonology
http://www.aappublications.org/cgi/collection/pulmonology_sub
Asthma
http://www.aappublications.org/cgi/collection/asthma_subtopic

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on December 1, 2020

How Environmental Exposures Influence the Development and Exacerbation of
Asthma
Ruth A. Etzel
Pediatrics 2003;112;233

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/112/Supplement_1/233

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2003
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on December 1, 2020

