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Summary

Management of asthma requires attention to environmental exposures both indoors and outdoors.
Americans spend most of their time indoors, where they have a greater ability to modify their
environment. The indoor environment contains both pollutants (eg, particulate matter, nitrogen
dioxide, secondhand smoke, and ozone) and allergens from furred pets, dust mites, cockroaches,
rodents, and molds. Indoor particulate matter consists of particles generated from indoor sources
such as cooking and cleaning activities, and particles that penetrate from the outdoors. Nitrogen
dioxide sources include gas stoves, furnaces, and fireplaces. Indoor particulate matter and nitrogen
dioxide are linked to asthma morbidity. The indoor ozone concentration is mainly influenced by the
outdoor ozone concentration. The health effects of indoor ozone exposure have not been well
studied. In contrast, there is substantial evidence of detrimental health effects from secondhand
smoke. Guideline recommendations are not specific for optimizing indoor air quality. The 2007
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National Asthma Education and Prevention Program asthma guidelines recommend eliminating
indoor smoking and improving the ventilation. Though the guidelines state that there is insufficient
evidence to recommend air cleaners, air cleaners and reducing activities that generate indoor
pollutants may be sound practical approaches for improving the health of individuals with asthma.
The guidelines are more specific about allergen avoidance; they recommend identifying allergens to
which the individual is immunoglobin E sensitized and employing a multifaceted, comprehensive
strategy to reduce exposure. Outdoor air pollutants that impact asthma include particulate matter,
ozone, nitrogen dioxide, and sulfur dioxide, and guidelines recommend that individuals with asthma
avoid exertion outdoors when these pollutants are elevated. Outdoor allergens include tree, grass,
and weed pollens, which vary in concentration by season. Recommendations to reduce exposure
include staying indoors, keeping windows and doors closed, using air conditioning and perhaps
high-efficiency particulate arrestor (HEPA) air filters, and thorough daily washing to remove
allergens from one’s person. Key words: asthma, pollutants, particulate matter, nitrogen dioxide, sulfur
dioxide, secondhand smoke, ozone, allergens. [Respir Care 2008;53(5):602–615. © 2008 Daedalus En-
terprises]

Introduction

Asthma is a common, complex respiratory disease
that is characterized by recurrent symptoms of wheeze,
cough, chest tightness, and dyspnea. There is growing
evidence of environmental causes of the disease, and
substantial evidence of the role of the environment, es-
pecially inhaled agents such as allergens, pollutants,
and viruses, in provoking asthma attacks. Asthma is
best thought of as an immunologically mediated dis-
ease, in which an abnormal immune response to inhaled
agents provokes a cascade of events that lead to mucus
hypersecretion, airways constriction and hyperrespon-
siveness, and, ultimately, symptoms. Because so much
evidence points to environmental factors as triggers of
the exuberant immune response, there has been much
attention to identifying specific environmental factors
that are most responsible for provoking asthma and de-
veloping strategies to minimize relevant exposures. In-
deed, avoidance of environmental factors that provoke
asthma, where feasible, is a logical way to improve
asthma-related health and to minimize the need for long-
term use of asthma medications.

In this paper we will summarize available evidence on
the current practices for managing environmental issues
with patients who have asthma. In addition, given the re-
cent release of the latest version of the National Asthma
Education and Prevention Program’s Expert Panel Report 3,
Guidelines for the Diagnosis and Management of Asthma
(2007 NAEPP guidelines),1 we will highlight many of the
newest and most prominent recommendations of that guide-
line committee, especially because this latest version of
these guidelines supports its statements with a formal pro-
cess of grading the available evidence. Though the poten-
tial scope of this paper on the environment and asthma
could be quite broad and include topics such as primary

prevention and occupational exposures, for the sake of
brevity we will focus the discussion on common indoor
and outdoor exposures that are most relevant to people in
the United States, regardless of occupation. Also, though
diet and infections may be conceptualized as part of the
environment, discussion of those factors is beyond the
scope of this paper.

Indoor and Outdoor Environments

Management of asthma requires attention to environ-
mental exposures that originate from both the outdoor
and indoor environment, though, arguably, those origi-
nating indoors may be more relevant for certain patients
with asthma. Americans spend nearly 90% of their time
indoors,2 such as the home, workplace, and school, which
underscores the substantial contribution of indoor ex-
posures to an individual’s total exposure. In some cases
the risk of encountering certain environmental factors
known to exacerbate asthma (eg, dust mite) is only
relevant in the indoor environment, whereas in other
cases the indoor environment accounts for the bulk of
most individuals’ exposure time, although the inciting
factor could be found outdoors (eg, particulate matter).
Also, in contrast to the outdoors, people may have a
greater ability to modify indoor environmental expo-
sures. For example, most individuals do not have direct
control over outdoor pollutant concentrations, but they
may be able to decrease concentrations of specific pol-
lutants in their homes. Because the sources of exposure
differ in the indoor and outdoor environments and be-
cause interventions to limit exposure also differ, we will
consider the indoor and outdoor environments separately
in the following discussion.
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Indoor Environmental Factors

Air Pollution

Indoor air pollution is a complex mixture of pollutants
migrating indoors from outdoor air and pollutants gener-
ated by indoor sources. Since studies have shown that
indoor air pollution concentrations can greatly exceed out-
door air concentrations,3 indoor sources can be very im-
portant contributors to total indoor air pollution. Table 1
lists some indoor pollutant sources relevant to asthma.
Although the link between asthma and some indoor air
pollutants has not yet been thoroughly studied, research to
date suggests that they may play an important role in asthma
morbidity.

Particulate Matter

Particulate matter consists of solid and liquid particles
suspended in the air. Particulate matter originates from a
variety of natural and man-made sources. Natural sources
include pollen, spores, bacteria, plant and animal debris,
sea salt, and dust from the earth’s crust. Man-made sources
consist mostly of combustion by-products from factories,
motor vehicles, and power plants. Smoking is a major
contributor to indoor particulate matter. Additional sources
include cooking exhaust, wood-burning stoves and fire-
places, cleaning activities that re-suspend dust particles
(eg, sweeping), and penetration of outdoor particles into
the indoor environment.4,5

Particulate matter is also characterized and regulated on
the basis of particle size (Fig. 1).6 Particles � 10 �m in
diameter (PM10) are capable of entering the respiratory
system, and particles � 2.5 �m (PM2.5) are capable of
reaching the alveoli. The so-called “coarse fraction” par-

ticles (PM2.5-10) are too large to reach the alveoli and
therefore deposit in the proximal airways. The Environ-
mental Protection Agency regulates particulate-matter con-
centrations in outdoor air, but currently there are no stan-
dards for indoor air.

Studies that have examined the effects of indoor partic-
ulate matter have found an association with asthma mor-
bidity. For example, among children with asthma, higher
indoor particulate-matter concentration is associated with
decreased lung function,7,8 greater respiratory symptoms,9

and more frequent use of rescue medications. Particulate
matter exposure may provoke inflammation in asthma,
some evidence of which is the elevated exhaled nitric ox-
ide concentration (a marker of airway inflammation) as-
sociated with an elevated PM2.5 concentration.8 Of partic-
ular concern is that particulate-matter concentrations in
some indoor settings are even higher than those outdoors,
and the particulate matter that originates indoors may, in
some cases, be more harmful than that found outdoors. For
example, in one study from inner-city Baltimore, investi-
gators found that indoor PM2.5 and PM10 concentrations
were more than twice as high as the simultaneously mea-
sured outdoor concentrations.5 Koenig et al8 found that
PM2.5 originating from indoor sources was more potent in
decreasing lung function than was outdoor-derived partic-
ulate matter.

Management of Indoor Particulate Matter. The evi-
dence regarding what factors can be modified to reduce
particulate matter and improve asthma health comes from
observational studies and clinical trials. For example, in
cohort studies of inner-city children with asthma, higher
particulate-matter concentration was found with tobacco
smoking and greater frequency of sweeping and stove use
in the home.4,5 Increased ventilation with more open win-
dows led to lower in-home particulate-matter concentra-
tion. Intervention studies have shown that high-efficiency
particulate arrestor (HEPA) air filters are effective in low-
ering indoor particulate matter (Fig. 2).10,11 Though these
studies did demonstrate a health benefit, the particulate-
matter reduction was part of an overall allergen and pol-
lutant intervention strategy, which makes it impossible to
isolate the independent health effect of particulate-matter
reduction with air cleaners.

The 2007 NAEPP guidelines1 concluded that there is
insufficient evidence to recommend indoor air-cleaning
devices, and make no specific recommendations for indoor
particulate-matter reduction. However, we believe that the
best way to apply the existing evidence regarding indoor
particulate matter to asthma management is to inform in-
dividual patients about what is currently known. Pa-
tients should be warned of the potential health effects of
indoor particulate matter and advised to reduce or elim-
inate activities (such as smoking) that raise indoor par-

Table 1. Major Indoor Environment Factors That Affect Asthma

Pollutants
Particulate matter
Nitrogen oxides
Secondhand smoke
Ozone

Allergens
Furred pets

Cats
Dogs
Others

Dust mites
Cockroaches
Rodents

Mice
Rats

Molds
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ticulate matter. Furthermore, for patients with a keen
interest in making all possible changes to optimize their
indoor environment, use of air cleaners and improved
ventilation can be recommended, if financially feasible.

Nitrogen Dioxide

Nitrogen dioxide (NO2) is a gaseous product of high-
temperature combustion. It has many indoor sources, in-

cluding gas stoves, space heaters, furnaces, and fireplaces,
and has been linked to respiratory health effects.12 Al-
though some studies13-18 have found adverse respiratory
health effects from indoor NO2, other studies have failed
to confirm that association.19-22 For example, data from the
National Health and Nutrition Examination Survey III did
not suggest any impact from gas stoves (the major source
of indoor NO2) on pulmonary function or respiratory symp-
toms in adults with asthma.23 To the extent that gas ap-
pliances may confer a risk of respiratory symptoms, the
exposure may be more complex than simply NO2 (Fig. 3).
For example, gas stoves may also increase other indoor air
pollutants, such as nitrous acid, that may also adversely
affect respiratory health.13

Fig. 1. Characterization of particulate matter (PM) based on size. Particulate matter � 10 �m (PM10) can enter the human thorax, whereas
PM � 2.5 �m (PM2.5) can reach the alveoli. RBC � red blood cell. (From Reference 6, with permission.)

Fig. 2. Change in particulate matter (PM) concentration in the bed-
rooms of children with asthma. The rooms of the intervention sub-
jects had high-efficiency particulate arrestor (HEPA) air cleaners.
The study was conducted in inner-city Baltimore, Maryland. There
was substantial and sustained reduction in both of the particulate-
matter size ranges (� 10 �m [PM10] and � 2.5 �m [PM2.5]) in the
filtered-air rooms. (From Reference 10, with permission.)

Fig. 3. A gas stove in the home, without proper venting. (Photo-
graph courtesy of Karen A Callahan RN MSc, Department of Pe-
diatrics, Johns Hopkins University, Baltimore, Maryland.)
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Studies that have specifically investigated the effect of
indoor NO2 on asthma morbidity have also had inconsis-
tent results. Some found no association between indoor
NO2 level and respiratory symptoms,20 but an increasing
number have found a positive association with asthma
morbidity. Two recent studies of asthmatic children found
that higher indoor NO2 increased the likelihood and fre-
quency of asthma symptoms, including wheeze, chest tight-
ness, breathlessness, and daytime and nighttime asthma
attacks.16,18 In a study of inner-city children with asthma
there was a strong and significant association between
higher indoor NO2 and respiratory morbidity, including
wheeze, chest tightness, breathlessness, and daytime and
nighttime asthma attacks.24,25 NO2 exposure has also been
found to impair host resistance to respiratory viruses and
bacteria, by reducing bacterial clearance and impairing
innate immunity.26-28 Higher personal NO2 exposure in-
creased the severity of virus-induced asthma exacerba-
tions, as measured by symptom severity and peak-flow
reduction.29

Management of Indoor NO2. Given the uncertainty
about the association of NO2 and respiratory health, addi-
tional studies are needed to determine whether NO2 in-
creases risk in people with asthma. General control strat-
egies include source modification and ventilation. A
randomized controlled trial on the effects of reducing NO2

in schools, by replacing unflued gas heaters with flued gas
or electric heaters, found that a substantial reduction in
mean indoor NO2 concentration was associated with a
concordant decrease in asthma symptoms in school chil-
dren.30 The uncertainty about the utility of NO2 reduction
is apparent in the 2007 NAEPP guidelines, which found
only modest support for NO2 reduction, and this recom-
mendation is in the context of general recommendations to
reduce exposure to common indoor irritants.1 We believe
that the best way to apply the existing evidence regarding
indoor NO2 to asthma management is to take a common-
sense approach. If a patient reports symptoms in the pres-
ence of an NO2-producing device (such as a stove), we
recommend that they assure that it is properly vented to
the outside. And if the patient has the option to choose, we
suggest they select electric rather than gas appliances. This
approach to NO2, as with most pollutants, becomes espe-
cially important for the patient who has poor asthma con-
trol or requires a high dose of medication to control symp-
toms.

Secondhand Smoke

Secondhand smoke is involuntarily inhaled tobacco
smoke that contains particles and gases generated by the
combustion of the tobacco, paper, and additives of ciga-
rettes.31 Secondhand smoke exposure is common in the

United States, and there is sufficient evidence to suggest a
causal relationship between secondhand smoke and inci-
dence of wheezy illnesses in infants and pre-school-age
children, though the causal link to asthma incidence has
not been fully established. Exposure to secondhand smoke
is convincingly linked to greater disease severity among
children and adults with asthma.1,31 Secondhand smoke is
associated with worse lung function and greater airway
inflammation, daytime and nocturnal symptoms, exacer-
bations, health care utilization, and intubation.32-37

Management of Indoor Secondhand Smoke. The sur-
geon general’s report states that “eliminating smoking in
indoor spaces fully protects nonsmokers from exposure to
secondhand smoke. Separating smokers from nonsmokers,
cleaning the air, and ventilating buildings cannot eliminate
exposure of nonsmokers to secondhand smoke.”31 There is
substantial evidence that secondhand smoke avoidance
should improve asthma outcomes, but intervention studies
that attempted to reduce secondhand smoke exposure
showed relatively small effects on the smoking patterns of
those who smoke near children with asthma.38,39 There
have not, to our knowledge, been clinical trials of second-
hand smoke reduction in adults with asthma.31 The 2007
NAEPP guidelines recommend that patients who are ac-
tive smokers be referred to smoking cessation programs
and that all patients with asthma be counseled concerning
the negative effects of smoking and secondhand smoke.1

We recognize that not all patients can avoid secondhand
smoke, and, because secondhand smoke contributes to air-
borne particulate matter, which air cleaners can reduce,
patients may want to consider air cleaners if secondhand
smoke cannot be avoided.

Ozone

The indoor ozone (O3) level tends be high only in warmer
months of the year, because the level is mainly influenced
by ozone penetration from outdoors.40 Indoor ozone sources
are uncommon, but include ionizers and ozone generators,
which are sold as air-freshening or air-cleaning devices,
and xerographic copy machines, found in offices and
schools.41 Epidemiologic studies of ambient ozone and
experimental studies show a significant association with
asthma-related morbidity, including symptoms, health care
utilization, airway inflammation, and decreases in lung
function.42– 46 However, the effect of indoor ozone on
asthma morbidity has not been well studied, and the ben-
efits of indoor ozone reduction on asthma morbidity are
unknown.

Management of Indoor O3. Since O3 is a highly reac-
tive gas, the O3 concentration is generally much lower
indoors than outdoors, even in peak ozone season. Evi-
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dence suggests that indoor ozone can be reduced by keep-
ing windows and doors closed.47 The 2007 NAEPP guide-
lines make no specific recommendations on indoor O3

reduction.1 We recommend a common-sense approach to
indoor ozone, including avoidance of ozone-generating “air
purifiers” and other ozone-generating devices in the homes
of patients with asthma.

Indoor Allergens

Allergens are water-soluble glycoproteins that induce
an immunoglobin E response in susceptible individuals.
The allergens adhere to particles that range in size from
1 �m to � 100 �m.48,49 Particles of that size range deposit
in the upper and lower respiratory tracts, where the aller-
gen can directly elicit an inflammatory response and re-
spiratory symptoms.

Both indoor and outdoor allergens can cause asthma
symptoms in patients who are sensitized to the allergen.
Sensitization is defined as having evidence of immuno-
globin E specific to the particular allergen, which can be
assessed by allergy skin testing in an allergist’s office, or
via a serum test known as a radioallergosorbent test, the
blood for which can be collected by a primary care pro-
vider or other health care provider, and the test is obtained
from a commercial laboratory.

Indoor allergens are generally present year-round, so
they are associated with perennial symptoms. Outdoor al-
lergens are generally present during certain seasons and
thus trigger asthma only during those seasons.

Patients may have perennial allergen-induced asthma
symptoms, seasonal allergen-induced symptoms, or both.
For example, a patient who presents with persistent asthma
with a history of springtime exacerbations may have asthma
symptoms that are triggered by both perennial and sea-
sonal allergens. There are 5 general groups of indoor aeroal-
lergens: furred pet, dust mite, cockroach, rodent, and mold
allergens (see Table 1). The 2007 NAEPP guidelines rec-
ommend that patients be advised to reduce exposure to
allergens to which they are sensitive, but particularly to
note that individual steps alone are generally ineffective.1

Avoidance requires a multifaceted, comprehensive ap-
proach, and this often requires targeting several allergens
simultaneously, in some cases employing multiple proven
approaches for each allergen (Fig. 4).

Furred Pet Allergens. Cats and dogs are common furred
pets, although families often keep other species of furred
pets as well. Cat and dog allergens can be found in virtu-
ally all homes, but, not surprisingly, homes with pets con-
tain much higher levels of the allergens than homes with-
out pets.50 Furred pet allergens are also found in other
settings, such as schools and other public buildings
(Fig. 5),51 and are passively transferred from one environ-
ment to another.52 Passive transfer of cat allergens to school
by children who have cats at home causes asthma symp-
toms in cat-sensitized classmates.53 Both cat and dog al-
lergens can be passively transferred, because they are car-
ried on small particles that remain airborne and adhere to
surfaces and clothing.53-55

Fig. 4. Effect of a multi-faceted intervention on the number days with asthma symptoms. There was a modest reduction in symptoms over
the 12 months of the active intervention, and the reduction persisted during the 12 follow-up months after the intervention. (From
Reference 11, with permission.)
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Allergic sensitization to furred pet allergens is quite
common, and in some populations more than 60% of chil-
dren with asthma are sensitized to cat or dog allergens.56,57

The combination of widespread exposure to pet allergens
and high prevalence of allergic sensitization to these al-
lergens suggests that a substantial proportion of patients
with asthma are at risk for cat or dog allergen-induced
asthma symptoms. In fact, several studies have directly
linked animal allergen exposure to poorer asthma outcomes
among animal-sensitized patients with asthma.52,58

Assessing pet allergen exposure in patients is fairly
straightforward and can be accomplished by taking a his-
tory focused on pet ownership, recent relocation into a
home where pets had been living, and for children in par-
ticular, pet exposure at daycare. Most, but not all, relevant
sources of exposure can be identified with this approach.

Because furred pet allergens are airborne and adhere to
clothing, it is impossible to eliminate exposure entirely.
Pet removal is the only method of substantially reducing
the animal allergen level, but it will not decline signifi-
cantly for 4–6 months,59 so clinical benefit may be slow
to realize. The rate of decline may be improved by vigor-
ous cleaning to remove allergens remaining in reservoirs,
including accumulated dust, carpeting, and bedding. Al-
lergen-proof mattress and pillow encasings sequester the
allergen in the mattress and pillow and are a helpful ad-
junct to pet removal.

Because some families are very reluctant to give up a
pet, alternative methods of furred animal allergen control
have been studied and have largely proven ineffective.
HEPA room-air filters can modestly reduce airborne ani-
mal allergens, but most studies have found that the aller-

gen reduction is not sufficient to improve asthma symp-
toms.59,60 Other methods, such as washing the pet, are also
ineffective.61 Citing the general lack of positive controlled
trials, the 2007 NAEPP guidelines offer an expert-opinion
basis for a general recommendation of either removal of
pets from the home or isolation of the pet from the asth-
matic individual if removal is not feasible.1

Although the effect of pet removal on asthma symptoms
has not been well studied, because of the practical diffi-
culties of conducting a randomized controlled trial of pet
removal, one recently published study found a substantial
reduction in inhaled corticosteroid requirements among
furred-pet-sensitized adults with asthma who chose to re-
move their pets from their homes, compared to those who
kept their pets.62 These findings underscore that pet re-
moval is a critical part of the treatment plan for pet-sen-
sitized patients with asthma.

Dust Mite Allergens. Dust mites are arachnids that in-
fest bedding, carpet, upholstered furniture, and fabric. Their
main food source is human skin scales, and they grow best
in warm, humid environments,63 so they are rarely found
in arid regions, such as the desert Southwestern United
States, but are common in more humid regions such as the
Northwestern and Southeastern United States. The pre-
dominant dust mites in the United States that have been
implicated in allergy are Dermatophagoides farinae and
Dermatophagoides pteronyssinus.63,64 The allergens are
predominantly found on larger particles, in the range of
10–20 �m, which rapidly settle on dependent surfaces
after disturbance.49

Fig. 5. Results from a study in New Zealand schools. There was a strong correlation between the level of cat allergen (Fel d 1) on the
classroom floor and the percent of students who had cats in their homes. (From Reference 51, with permission.)
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The prevalence of allergic sensitization to dust mites
varies from region to region and depends on the regional
prevalence of dust mites. For example, the sensitization
rate among children with asthma is estimated to be 5% in
the arid setting of Los Alamos, New Mexico, in contrast to
as high as 66% in the more humid setting of Atlanta,
Georgia.65,66

Like many other allergens, exposure to dust mite aller-
gen in sensitized patients is associated with poorer lung
function, greater medication requirements, and more
asthma symptoms.65,67,68 In contrast to other allergens, there
is evidence that dust mite allergen leads to the develop-
ment of asthma, in addition to exacerbating pre-existing
asthma in dust mite-sensitized patients. A prospective co-
hort study found that infants exposed to high levels of dust
mite allergen were significantly more likely to have asthma
later in childhood than were infants who were not exposed
to high levels.69 Thus, reducing dust mite allergen expo-
sure should both improve asthma control in sensitized pa-
tients and prevent the development of asthma in children.

Since dust mites are microscopic organisms, it is diffi-
cult to determine a patient’s exposure status by history.
The most practical approach is to assume that patients
living in arid climates are very unlikely to have substantial
exposure to dust mites, and that patients in more humid
regions are at risk for substantial exposure. However, there
are commercially available home test kits for dust mite
allergens that can provide semi-quantitative results so the
patient can assess his/her degree of exposure.

First-line dust mite control measures include installing
allergen-proof mattress and pillow encasements, washing
all bedding every 1–2 weeks in hot water, removing stuffed
toys, vacuuming and dusting regularly, and reducing in-
door humidity. All of these measures are recommended by
the 2007 NAEPP guidelines.1 These strategies reduce
asthma symptoms, reduce medication requirements, and
improve lung function.66,70,71

Removal of carpet and upholstered furniture may also
be helpful, but is more expensive. Because dust mite al-
lergens are predominantly found on dependent surfaces
and are not airborne, air filters are not likely to offer any
benefit. Carpet treatments have been developed that in-
clude agents that kill the mites (acaricides) and denature
the allergen (denaturing agents). Although laboratory stud-
ies indicate that both of these reagents are efficacious,
field studies indicate that neither agent is very effective in
practice.72,73

A recently published study found that mattress encase-
ments, as a single intervention, provided no health benefit
to adults with asthma.74 However, the study population
included many people who would not be expected to ben-
efit from the intervention, including people who were not
sensitized to dust mite, as well as persons with other un-
derlying lung disease, such as chronic obstructive pulmo-

nary disease. The study provided little evidence to suggest
that patients with asthma and dust mite sensitization would
not benefit from a multi-pronged dust mite intervention. In
fact, the evidence accumulated thus far suggests that con-
certed efforts to control dust mite exposure are only of
clinical benefit in mite-sensitized persons with asthma and
are a critical component of the treatment plan for these
patients.

Cockroach Allergen. The 2 most common cockroaches
found in United States homes are the German cockroach
(Blatella germanica) and the American cockroach (Peripla-
neta americana). Cockroach allergen is the predominant
allergen in the inner city, where most homes contain de-
tectable levels.75 At least half of inner-city homes have a
clinically relevant level of cockroach allergen. Although
as many as 30% of suburban, middle class homes also
contain detectable levels of cockroach allergen, the levels
in suburban homes are much lower than levels in inner-
city homes.76,77

In inner-city populations, 30 – 40% of children with
asthma are sensitized to cockroach,78 and in suburban pop-
ulations, the sensitization rate is about 21%.76 Cockroach
allergen has also been directly linked to poorer asthma
outcomes in inner-city children with asthma, including
asthma-related health-care utilization.75,79

In light of these findings, it is important to assess risk of
exposure in sensitized patients and to make recommenda-
tions for reducing cockroach allergen exposure. Although
patient report of cockroach infestation is a good indicator
of substantial cockroach allergen exposure,77 one cannot
be sure that a patient who denies cockroach infestation is
not exposed to substantial cockroach allergen. Patients may
be reluctant to admit pest infestation, and homes without
evidence of active infestation often contain substantial lev-
els of the allergen.

Substantial reduction in cockroach allergen can be
achieved with an integrated pest management approach.
The 2007 NAEPP guidelines recommend such an approach,
though they caution to avoid use of volatile chemical agents,
which can be irritating when inhaled by persons with asth-
ma.1 Several studies have demonstrated that a combination
of extermination, vigorous cleaning aimed at reducing res-
ervoir allergen, and meticulous care in disposing of food
remains can reduce cockroach allergen by 80–90%.80,81 A
more recent study found that an entomologist-led inte-
grated pest management intervention reduced cockroach
allergen more than did the efforts of commercial pest man-
agement companies.82 It is unknown if this degree of al-
lergen reduction will have a clinical impact. However, the
strong evidence that cockroach allergen exposure is linked
with asthma morbidity supports recommending an inte-
grated pest management approach to reduce exposure in
cockroach-sensitized patients with asthma.
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Rodent Allergens. Mice and rats excrete urinary aller-
gens that are carried on small particles that readily become
airborne, like allergens from other furred animals such as
cats and dogs.83-86 The allergens are pheromone-binding
proteins that are thought to have a role in mating prac-
tices87 and are excreted in very large quantities in the
urine. Although these allergens have long been known to
cause occupational asthma, their role in nonoccupational
asthma was only recently described.88,89

The domestic house mouse is very common, particu-
larly in urban multi-family dwellings and poorly main-
tained housing.90 Mouse allergen can be found in virtually
all inner-city homes, and one study found detectable air-
borne mouse allergen in 84% of bedrooms of inner-city
children with asthma.91 The mouse allergen level in some
homes is similar to that in occupational settings, where
mouse allergen is a known cause of asthma symptoms.

Mouse allergen is surprisingly prevalent in suburban
communities as well. As many as 75% of middle-class,
suburban households have detectable mouse allergen in
settled dust samples,92,93 though the levels in these sub-
urban homes are 100-fold to 1,000-fold lower than in
inner-city settings. Recent studies linked exposure to
mouse allergen to poorer asthma control and higher risk
of asthma-related health-care utilization among mouse-
sensitized inner-city children with asthma.88,94

Assessing exposure to mouse allergen can be fairly
straightforward. Any patient who reports mouse sightings
or evidence of mice, such as droppings, is very likely to be
exposed to substantial levels of mouse allergen in the
home.90-92 However, as with cockroach allergen, patients
and families may be reluctant to admit a rodent infestation,
so a negative history is not a good predictor of lack of
exposure. In addition, substantial levels of mouse allergen
can be found in homes with little or no evidence of infes-
tation, because mice nest in hidden spaces and are active
at night when they are less likely to be seen.

Reducing exposure to mouse allergen is feasible, but it
can be difficult. Integrated pest management is the best
approach; it includes a combination of extermination, vig-
orous cleaning, meticulous disposal of food remains, and
sealing of holes and cracks in walls, doors, and ceilings.
Using this approach, the allergen source is eliminated, the
allergen reservoirs are cleaned up, and re-infestation is
discouraged.

In one study, integrated pest management reduced the
mouse allergen level by 75% in settled dust, while the
level increased in the control group.95 Although no studies
have been conducted to determine the impact of mouse
allergen reduction on asthma, the evidence to date indi-
cates that reducing exposure should improve asthma con-
trol and prevent asthma-related morbidity. Noting this lack
of clinical-trial evidence to date, the 2007 NAEPP guide-
lines offer an expert-opinion recommendation to use mea-

sures to reduce infestation, as part of a general recommen-
dation about reducing exposure to relevant furred animal
allergens.1

Rats are also common in urban areas, and although they
typically do not venture indoors, rat allergen has been
found in 33% of inner-city homes. In one multicenter study,
21% of inner-city children with asthma were sensitized to
rat, and the children who were sensitized and exposed to
rat allergen in their homes were at greater risk for asthma-
related hospitalization and unscheduled medical visits than
were children who were not sensitized or exposed.96 No
published studies have examined methods of reducing
household rat allergen, but a reasonable approach would
include sealing holes and cracks in the home’s structure,
vigorous cleaning to remove reservoir allergen, and exter-
mination.

Mold Allergens. There is a very large number of mold
species, and very few have been well studied with regard
to their effects on asthma. Molds can be found in both
indoor and outdoor environments. Aspergillus and Peni-
cillium species are among the most common indoor molds,
and Alternaria can be found in both indoor and outdoor
environments.

Molds have been extremely difficult to study because of
their complexity, and a full discussion of their impact on
asthma is beyond the scope of this article. However, major
allergens have been isolated from a few molds, and sen-
sitization to Alternaria has been linked to the development
of asthma, as well as to asthma severity in Midwestern and
Southwestern United States populations.97,98 It is impor-
tant to note, however, that Alternaria is found in all re-
gions of the country.99 In a nationwide study, higher dust-
borne Alternaria allergen levels were associated with higher
risk of wheeze.100

Because molds prefer warm, moist environments, mold
growth can be decreased by interventions that reduce mois-
ture and humidity, such as dehumidification, air condition-
ing, and increased ventilation. Humidifiers and vaporizers
increase indoor humidity and can become colonized with
mold, so they should not be used in homes of people with
asthma. For mold that is already present, thorough clean-
ing with fungicides is recommended. If cleaning is not
possible, the item should be disposed of.

Keeping windows closed and running the air condi-
tioner may help reduce exposure to outdoor sources of
mold. A HEPA room-air filter may also help, but this
intervention has not been studied.

Water leaks can contribute to the growth of indoor molds,
so it is sensible to prevent and eliminate water leaks wher-
ever possible. When outdoors, patients should avoid heavy
exposure to moldy vegetation and use a properly fitting
particulate mask when working with moldy material. Al-
though there have been no randomized trials of mold abate-
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ment in persons with asthma, there is adequate evidence to
recommend these basic interventions to reduce exposure
for mold-sensitized patients with asthma. Given the asso-
ciation of indoor fungi and respiratory symptoms in some
studies, the 2007 NAEPP guidelines recommend consid-
ering measures to control indoor dampness and mold.1

Outdoor Environmental Factors

Air Pollution

There are several outdoor air pollutants that can affect
asthma, including particulate matter, O3, NO2, and SO2

(Table 2). Except for SO2, the general sources and char-
acteristics of these pollutants are the same as those de-
scribed above for indoor air pollution. Additional relevant
information is contained in this section, as it pertains to
outdoor sources and the effects of these pollutants. Gen-
erally, individuals have little control over the outdoor en-
vironment, so the following recommendations center
mostly on avoiding the outdoor environment on days when
specific pollutant levels are high. Patients should be cau-
tioned to avoid exertion on those days and to stay indoors,
and, when feasible, in an air-conditioned environment.

Particulate Matter

Particulate matter exposure in outdoor air is linked to
higher mortality in the general population.101 Those with
underlying cardiopulmonary disease may be even more
susceptible to the effects of inhaled particulate matter, as
evidenced by increased hospitalizations after short-term
increases in particulate-matter concentration.57 Among
asthmatics, ambient particulate matter has been linked to
exacerbations, chronic symptoms, and decline in lung func-
tion.49,82,83 Though most studies have focused on the fine-
particulate-matter fraction, outdoor coarse particulate mat-
ter is associated with a greater risk of hospitalization for
childhood asthma than outdoor fine particulate matter.77

Ozone

Ozone is a highly reactive gas that is generated at ground
level by a chemical reaction of sunlight on mixtures of
NO2 and hydrocarbons from fossil fuel combustion.102 Ma-
jor sources include vehicular traffic, power plants, and
industrial operations. Sunlight and hot weather create
ground-level ozone in a harmful concentration in the air,
and ozone is the primary constituent of “summertime
smog.” Ozone can increase airway inflammation and hyper-
responsiveness.103,104 Ozone exposure is associated with
reduced lung function, increased symptoms, increased res-
cue medication use, and increased risk of asthma exacer-
bation.105,106 Among people with allergic asthma, ozone
exposure may interact with allergens to cause a greater
asthmatic response.107,108 The 2007 NAEPP guidelines rec-
ommend, as with other outdoor pollutants, that individuals
should avoid exercise or exertion outdoors when the O3

level is high.1

Nitrogen Dioxide

NO2 is formed from primary emissions of oxides of
nitrogen. Automobile exhaust is the main source of ambi-
ent NO2 in most urban environments. Other sources in-
clude local industry, power plants, and forest fires. There
is growing evidence that elevated ambient NO2 is associ-
ated with increased asthma symptoms, exacerbations, and
hospitalizations, and with lower lung function, particularly
in vulnerable populations, including young children and
the elderly.109-112 A reduction of traffic density in a geo-
graphic region was associated with reduced asthma mor-
bidity,113,114 which may be partially mediated by the low-
ering of NO2 exposure.

Sulfur Dioxide

Sulfur dioxide (SO2) is an ambient air pollutant mainly
formed by the combustion of high-sulfur coal or oil. In-
door SO2 sources are not common, and when present in-
doors SO2 is rapidly adsorbed onto household surfaces, so
personal SO2 exposure is mainly due to ambient air pol-
lution.115 Experimental studies suggest that SO2 can
decrease lung function in exercising adults with
asthma.116-118 The 2007 NAEPP guidelines recommend
that patients with asthma avoid exercise outdoors on days
when air pollutants, including SO2, are high.1

Pollen Allergens

Pollen and mold allergens are the predominant outdoor
allergens. Mold allergens were addressed above, in the
section on indoor allergen, so this section will focus on
pollen allergens. Tree, grass, and weed pollen are present

Table 2. Major Outdoor Environment Factors That Affect Asthma

Pollutants
Particulate matter
Ozone
Nitrogen oxides
Sulfur dioxide

Allergens
Pollens

Trees
Grasses
Weeds

Molds

ENVIRONMENTAL ISSUES IN MANAGING ASTHMA

RESPIRATORY CARE • MAY 2008 VOL 53 NO 5 611



in all regions of the United States and cause seasonal
asthma exacerbations (see Table 2). Tree pollen is pro-
duced primarily in the spring, though the levels peak at
slightly different times, depending on the regional climate.
Grass pollen peaks in the summer, and weed pollen peaks
in the fall. Again, the peak of these seasons varies by
region, so understanding the timing of pollen seasons in
one’s region is helpful when evaluating a patient with
seasonal asthma exacerbations.

Pollen allergen sensitization is common. For example, a
population-based study found that more than 25% of the
United States population is sensitized to ragweed, and a
similar proportion is sensitized to grass pollen.119 The well-
known phenomenon of pollen-induced asthma is charac-
terized by a predictable increase in asthma symptoms dur-
ing the relevant pollen season in a sensitized patient.

Unfortunately, it is very difficult to reduce pollen aller-
gen exposure during the pollen season. Recommendations
for exposure reduction include staying indoors, keeping
windows and doors closed, using air conditioning, and
perhaps HEPA room-air filters. After spending time out-
doors, pollen-allergic patients should wash their hands and
face, and should wash their hair daily to remove allergens.
Many of these measures are also suggested by the 2007
NAEPP guidelines.1

Summary

Environmental control practices are a sensible, evidence-
based component of the overall management of asthma.
Control of the environment requires attention to exposures
that originate from both the outdoor and indoor environ-
ments. The indoor environment notably contains particu-
late matter, NO2, secondhand smoke, and O3, and aller-
gens from furred pets, dust mites, cockroach, rodents, and
molds. The 2007 NAEPP guidelines recommend eliminat-
ing indoor smoking and improving ventilation. Though the
guidelines state that there is insufficient evidence to rec-
ommend air cleaners, these devices, along with reducing
activities that generate indoor pollutants, may be sound
practical approaches to improving the health of individuals
with asthma. The guidelines are more specific about aller-
gen avoidance; they recommend identifying allergens to
which an individual is immunoglobin E sensitized. Fur-
ther, the guidelines emphasize multifaceted, comprehen-
sive strategies to reduce exposure.

Outdoor air pollutants can impact asthma, and guide-
lines recommend that individuals with asthma avoid exer-
tion outdoors when concentrations of certain pollutants are
elevated. Outdoor allergens include tree, grass, and weed
pollens, which vary in concentration by season. Recom-
mendations to reduce exposure include staying indoors,
keeping windows and doors closed, using air conditioning,

and perhaps HEPA room-air filters, as well as thorough
daily washing to remove allergens from one’s person.

Though there are still considerable research opportuni-
ties to identify additional means to improve the environ-
ment for the sake of asthma health, research to date has
shown that careful attention to these specific environmen-
tal controls can improve the health of people with asthma.
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Discussion

Donohue: I’m curious about the
house with the mice; that’s something
relatively new that we haven’t talked
about with regard to adult asthma. Do
you have any data that remediation,
such as sealing leaks, filling holes, or
air cleaners, works?

Diette: There is only one study so
far in which mouse remediation was
the specific target, although extermi-
nators know that you can limit mice
coming in by sealing cracks and holes.
It’s similar to cockroach control, in
the general sense of making your house
less attractive to them. It helps to not
leave out pet food, human food, gar-
bage, or water, but portal of entry is
key. In Eggleston’s study1 one method
was using steel wool or wire mesh to
plug up holes. In Morgan’s study2 I’m
not sure if they blocked portals of en-
try.

1. Eggleston PA, Butz A, Rand C, Curtin-
Brosnan J, Kanchanaraksa S, Swartz L, et
al. Home environmental intervention in in-
ner-city asthma: a randomized controlled
clinical trial. Ann Allergy Asthma Immu-
nol 2005;95(6):518–524.

2. Morgan WJ, Crain EF, Gruchalla RS,
O’Connor GT, Kattan M, Evans R 3rd, et
al. Results of a home-based environmental
intervention among urban children with
asthma. N Engl J Med 2004;351(11):1068–
1080.

Enright: Has what we learned
5 years ago been translated into clin-
ical practice? How many patients with
moderate-to-severe asthma have either
allergen and skin testing (to the 8 most
common indoor allergens) or access
to environmental health counseling, ei-
ther by asking them with a standard-
ized questionnaire or sending some-
one to the home for an observation.
Have any of the 7 Inner-City Asthma
Study sites put this into clinical prac-
tice?1–4

1. Morgan WJ, Crain EF, Gruchalla RS,
O’Connor GT, Kattan M, Evans R 3rd, et
al. Inner-City Asthma Study Group. Re-
sults of a home-based environmental inter-

vention among urban children with asthma.
N Engl J Med 2004;351(11):1068–1080.

2. Evans R 3rd, Gergen PJ, Mitchell H, Kat-
tan M, Kercsmar C, Crain E, et al. A ran-
domized clinical trial to reduce asthma mor-
bidity among inner-city children: results of
the National Cooperative Inner-City
Asthma Study. J Pediatr 1999;135(3):332–
338.

3. Kattan M, Stearns SC, Crain EF, Stout JW,
Gergen PJ, Evans R 3rd, et al. Cost-effec-
tiveness of a home-based environmental in-
tervention for inner-city children with
asthma. J Allergy Clin Immunol 2005;
116(5):1058–1063.

4. Peters JL, Levy JI, Muilenberg ML, Coull
BA, Spengler JD. Efficacy of integrated
pest management in reducing cockroach al-
lergen concentrations in urban public hous-
ing. J Asthma 2007;44(6):455–460.

Diette: I know in Baltimore it hasn’t
happened very well in the city; our
current studies are asking those kinds
of questions. We ask people how of-
ten they get skin-tested and things like
that. The primary care doctors have
very little to do with it; it’s like they’re
more reluctant to do skin testing than
spirometry, if you can believe it.

Enright: I wonder if the allergists
and the pulmonologists provide both
allergen skin testing and environmen-
tal surveys for their patients with
asthma?

Diette: In Baltimore only 11% of
the kids who have persistent asthma
see a specialist. Even though Balti-
more is next door to Johns Hopkins,
University of Maryland, and other
sites, they’re still mostly not getting
specialist care. I think there’s a gen-
eral reluctance to do skin testing. I
think people don’t know how to in-
terpret it, they’re not sure it’s neces-
sary, and they wonder whether it’s fu-
tile to recommend that people try to
control environmental exposures.

The estimate in Morgan’s study1

was that the intervention cost $750 to
$1,000 a year, which is on the order of
magnitude of major asthma drugs be-
fore the price gets boosted up 30–40%
after that first “happy year.” For a typ-
ical asthma drug it’s on the same or-

der of magnitude in terms of costs,
but they’re not widespread.

1. Morgan WJ, Crain EF, Gruchalla RS,
O’Connor GT, Kattan M, Evans R 3rd, et
al. Results of a home-based environmental
intervention among urban children with
asthma. N Engl J Med 2004;351(11):1068–
1080.

Kallstrom: Platts-Mills1 did a study
on washing dogs and cats to mitigate
dander. You didn’t mention anything
about that.

1. Erwin EA, Woodcock JA, Curtis N, Platts-
Mills TA. Animal danders. Immunol Al-
lergy Clin North Am 2003;23(3):469–481.

Diette: Washing pets does reduce
the pet dander level, although there is
not a study that shows that washing
alone reduces asthma symptoms. I
think most people just don’t find it
feasible. Cats don’t like to be washed.
Dogs don’t mind it sometimes, but it’s
hard for people to do. It does reduce
allergen levels.

Rubin:* [With a touch of irony]
Didn’t you say you have to boil and
freeze the animal first to get rid of
mites and antigen? In our severe-
asthma clinic we mention environmen-
tal controls. Smoking is so very com-
mon; after all, I do live in Winston-
Salem, North Carolina, but absolutely
nobody smokes within the home. The
first response we often get is for us to
write a prescription for an air purifier.

You talked about some of the high-
efficiency air purifiers; for a long time
they were selling air purifiers that
worked on the basis of releasing ozone
into the environment, like the Ionic
Sneeze, for example, and when I con-
tacted the company about this, they
said, “You misunderstand; this is the
good ozone that we’re releasing; it’s
the bad ozone that causes pollution.” I
understand that this purifier is no

*Bruce K Rubin MD MEngr MBA FAARC,
Department of Pediatrics, Wake Forest Univer-
sity School of Medicine, Winston Salem, North
Carolina.
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longer releasing ozone. But there are
a number of ozone generators being
sold.

Diette: There are. People think of
them as anti-bacterial or anti-viral.
You’ve gotta avoid them. The guide-
lines clearly recommend avoiding the
ones that produce the ozone, because
it can be harmful.

Rubin: Are there data that demon-
strate that?

Diette: There are data about ozone,
but I haven’t seen any specific data
that indicate that those air purifiers
worsen asthma. But we know that
ozone can provoke asthma inflamma-
tion and symptoms.

Stoloff:* In Riverside, California,
they looked at kids’ proximity to the
freeway.

Diette: There’s a great story there.
It’s fascinating. The most recent find-
ing1–4 is really neat. They found that
there’s a risk of developing asthma
based on proximity to major roadways,
but only for nonatopic asthmatics.
There was no risk for atopic asthma
development. So it makes me wonder,
is there a different susceptibility to pol-
lutants than there is to allergens? Or
are we talking about early chronic ob-

structive pulmonary disease? Are we
back to the question of whether this is
really asthma or is this provoking early
other kinds of chronic respiratory dis-
ease in kids?

1. McConnell R, Berhane K, Yao L, Jerrett
M, Lurmann F, Gilliland F, et al. Traffic,
susceptibility, and childhood asthma. En-
viron Health Perspect 2006;114(5):766–
772.

2. Meng YY, Rull RP, Wilhelm M, Ritz B,
English P, Yu H, et al. Living near heavy
traffic increases asthma severity. Policy
Brief UCLA Cent Health Policy Res 2006;
1–5.

3. Morgenstern V, Zutavern A, Cyrys J,
Brockow I, Gehring U, Koletzko S, et al.
Respiratory health and individual estimated
exposure to traffic-related air pollutants in
a cohort of young children. Occup Environ
Med 2007;64(1):8–16.

4. Nicolai T, Carr D, Weiland SK, Duhme H,
von Ehrenstein O, Wagner C, von Mutius
E. Urban traffic and pollutant exposure re-
lated to respiratory outcomes and atopy in
a large sample of children. Eur Respir J
2003;21(6):956–963.

Giordano:† I did some work to chase
out a suspicion at a thrift store in the
Dallas area. I talked to them about
how they processed the furniture and
stuffed animals they receive, and the
only “processing” of these items is
generally that they only take in clothes
if they’re clean. There’s some Texas
regulation about spraying a chemical
on mattresses and so forth, but I went
out on a truck with them to pick up
some furniture, and I don’t have

asthma but I almost got it from the
dust and pet dander on that furniture.
And nothing is done. You look at the
higher incidence of asthma in lower-
income areas, where they’re more
likely to buy from a thrift store, and I
think this is an opportunity for re-
search, and to provide some guidance
to these stores on how to eliminate pet
dander from upholstery.

Diette: That’s a great point. When
they buy something like that, they may
not have any idea what exposures
they’re bringing into the home.

Enright: I want people to think
about the ethics of professional soci-
eties and their relationship to devices,
with regards to asthma control. The
Sharper Image store lost a lawsuit
against Consumer Reports about 2
years ago,1 and in that case some prom-
inent scientists we all know gave dep-
ositions. Also the Asthma and Allergy
Foundation of America endorses spe-
cific asthma products2 and gets money
for those endorsements; I think that’s
a worrisome relationship, their taking
money from companies for endorse-
ments that are not evidenced-based.
The methodology is not transparent.

1. Sharper Image Corporation v Consumers
Union of United States. United States Dis-
trict Court, Northern District of California,
San Francisco Division. 2004.

2. Asthma and Allergy Foundation of Amer-
ica. Look for certified asthma & allergy
friendly products. http://www.aafa.org. Ac-
cessed March 10, 2008.
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