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Purpose of review

Environmental control for asthma: recent evidence

To review and interpret recent literature related to the role of environmental control in prevention and

treatment of asthma.

Recent findings

Environmental control has a clearly established role in the management of asthma, but its role as a primary
prevention tool is not supported by recent clinical trials. Although some of the interventions tested in these
trials reduced the risk of asthma, the interventions often included dietary modification and those trials
infervening only on environmental exposures were largely negative. Environmental interventions that target
multiple asthma triggers, such as a laminar airflow device and relocation to high altitude, continue to
demonstrate efficacy in asthma. Several studies highlight the efficacy of portable HEPA purifiers in
reduction of indoor particulate matter and improving asthma outcomes. Several recently published practice
parameters provide evidence-based recommendations for environmental control practices targeting furry
pet, rodent, and cockroach allergens. Emerging work highlights the potential impact of spatial-temporal
aspects of exposure and the shape of the dose—response relationships on the indoor allergen exposure-

asthma relationship.

Summary

Environmental interventions likely have no effect on the risk of developing atopic disease, but multifaceted
interventions are generally of benefit in the management of asthma, particularly in children.
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Indoor allergen exposure has been recognized as
a cause of morbidity among sensitized asthmatics
for several decades, yet progress on identifying
affordable, highly feasible, and clinically efficacious
environmental control methods and effectively
implementing them as an integral component of
routine asthma management has been frustratingly
slow. In addition, although the renewed enthusiasm
for the potential role of environmental control
methods in the primary prevention of asthma in
the last decade led to the conduct of several primary
prevention trials, the results of these trials have
been mixed, and have cast a shadow on the poten-
tial of allergen environmental control methods as a
primary prevention tool. Nevertheless, the insight
gained from these primary prevention trials into the
role of environmental exposures in allergic patho-
genesis has been significant, and emerging data and
concepts suggest that there is promise for identify-
ing more effective allergen environmental control
and implementation approaches that can be
integrated into standard asthma management for
allergic patients.
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In 1982, a study confirmed the long-held belief that
relocation to a different, low allergen environment
improves asthma. In this study [1], nine asthmatic
patients allergic to dust mites lived in hospital
rooms for at least 2 months and experienced marked
improvements in their symptoms, peak flow, and
bronchial hyper-responsiveness. Although this
study lacked a control group and provided no direct
evidence that it was the reduction in house dust
mite exposure that resulted in the improvements
in asthma, the results were striking and consistent
with reports that asthma patients relocating to
high altitude regions of the Alps, where there are
few dust mites, experienced marked improve-
ment [2]. Several years later, dust mite exposure
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KEY POINTS

e Environmental control interventions for primary
prevention of asthma have not reduced risk of allergic
sensitization and have only been associated with a
reduction of the risk of asthma when combined with
dietary interventions.

e Studies of interventions aimed at reducing multiple
environmental asthma triggers continue to demonstrate
beneficial effects on asthma.

e Nonallergen exposures, such as pollutants, contribute
to asthma morbidity and targeting indoor particulate
matter with portable air purifiers both reduces PM
concentrations and improves asthma.

o Innate immune stimulants, which coexist in indoor
environments with allergens, may modify the effect that
allergen exposure has on incident allergic sensitization
and asthma.

o A deeper understanding of the many facets of allergen
exposure, such as temporal and spatial distribution and
dose-response relationships, will provide important
insights into optimizing current approaches to allergen
exposure reduction.

was implicated as a risk factor for development of
mite sensitization and asthma in a prospective
cohort study [3] in the United Kingdom, suggesting
that perhaps dust mite avoidance could be effective
in preventing the development of allergic sensitiz-
ation and asthma. As these earlier observations,
there have been many studies [4-9] evaluating
the efficacy of various approaches to reduce home
dust mite allergen exposure, as well as a large body of
evidence linking exposure to other indoor allergens,
including pets, pests, and molds, to asthma mor-
bidity in sensitized patients. As a result, the most
recent NAEPP EPR asthma guidelines in 2007
endorse evaluating asthmatics, particularly persist-
ent asthmatics, for allergic sensitizations and
implementing individually tailored, multifaceted
environmental control practices as a part of asthma
management [10].

In the past few years, new findings in some key
conceptual areas have further refined our view of
the role of environmental control in treatment
and prevention of asthma. For example, several
studies have helped provide insight into the effects
of various characteristics of allergen exposure such
as timing, location, variability of exposure. Dose-
response studies have also lead to re-evaluation
of the longstanding assumption that any reduction
in allergen exposure would be expected to result in
an improvement in allergic disease outcomes.
In addition, several intervention studies have
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provided insight into the efficacy of specific
environmental control practices in reducing indoor
exposures and improving asthma outcomes. Lastly,
a growing body of work suggests that other environ-
mental exposures that co-exist with allergens may
confound, or even modify, the effects of allergen
exposure on allergic sensitization and asthma.

In order to understand if, and how, environmental
control could be applied to achieve the objectives
of prevention and treatment of asthma, a few
fundamental questions must be answered for
each allergen in question. First, a causal relationship
must be established between exposure and outcome;
second, we must understand temporal and spatial
aspects of exposure and the shape of the exposure—
response relationship; and third, environmental
control practices that result in a meaningful
reduction in allergen exposure must be identified.
Even when the answers to these questions are
known, it is becoming clear that understanding
which patients are most likely to benefit and what
the effect of the intervention is on co-exposures
will also be important for refining environmental
control approaches for the treatment and preven-
tion of asthma.

Several randomized, controlled trials of primary
prevention of asthma were begun more than a
decade ago so that we now have outcome data in
older children in whom allergic sensitization and
asthma should be established [11,12,13%14,15"%,
16,17] (Table 1). All of these trials enrolled high-risk
children prenatally or at birth and interventions
focused on modifying allergen exposure in the first
year(s) of life. A total of seven such trials have been
completed with results reported for children ranging
in age from 2 to 18 years. Of the seven trials,
only three conducted isolated inhalant allergen
reduction interventions [12,14,15%], which often
emphasized dust mite exposure reduction, while
the remaining four incorporated food allergen
avoidance as well [11,13%,16,17], making it difficult
to draw conclusions about the independent effect of
inhalant allergen avoidance on incident asthma.
Nevertheless, of the three trials focused on inhalant
allergen exposure reduction, none reduced the risk
of asthma-associated outcomes. One study [14]
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Pharmacotherapy and evidence based medicine

reported improvement in some lung function
measures in the active intervention group; however,
these were not accompanied by a lower risk of
asthma. Moreover, the active intervention group
had an increased risk of allergic sensitization
generally as well as an increased risk of dust
mite sensitization specifically. Of the remaining
four trials, two reduced the risk of asthma at
school age, but did not reduce the risk of other
allergic outcomes, including allergic sensitization
[11,13%].

Although the results across all seven trials
are mixed, a recent meta-analysis estimated
that the multifaceted interventions, which all
included dietary avoidance, reduced the risk of
current asthma by approximately 30—-50% [children
<5 years, OR (95% CI): 0.72 (0.54-0.96), and
>5 years: 0.52 (0.32-0.85)] [18]. Despite this
almost 50% reduction in risk of school-age asthma,
multifaceted primary prevention interventions have
not been embraced by professional organizations.
Although the reasons for this are likely complex,
these interventions in many cases are quite cumber-
some, appear to vary in efficacy between popu-
lations, and do not reduce the risk of other atopic
diseases or allergic sensitization itself. The lack of
effect on other atopic outcomes, including allergic
sensitization, suggests that the interventions, as
hoped, do not redirect the developing immune
system away from an allergic phenotype. Instead,
the interventions appear to reduce the risk of the
clinical manifestations of allergic sensitization
by lowering allergen levels. Why these prevention
trials uniformly had no effect on the allergic march
is poorly understood, but a plausible hypothesis is
that, in addition to reducing inhalant allergen
exposure, the interventions also reduced exposure
to innate immune stimulants, such as microbial
products, that are thought to afford some protection
against the development of an allergic immune
phenotype [19-21,22%. It is also possible that high
dose exposure to some allergens, particularly furred
animal allergens, confers some protection against
the development of allergic sensitization to the
allergen [19,23,24], so that much greater reductions
of these allergens are needed before a protective
effect would be observed. Whether the protective
effect of animal exposure is allergen-specific [24]
or due to concomitant exposure to beneficial
microbes that are associated with animals [25] is
an area of active investigation. Lastly, allergens
are found in many locations outside of the home,
including daycares and schools [26-29], so that
children may still be exposed to sufficient levels
of allergens to induce allergic sensitization outside
of the home.

420 www.co-allergy.com

Although many questions remain about the role
of environmental control in the management of
asthma, overall the evidence supports a role for
individually tailored, multifaceted interventions
in the management of asthma, particularly in
children. A multifaceted approach, rather than
targeting a single exposure, makes intuitive sense
and reflects clinical practice, but much of the
foundational research has focused on single aller-
gens, so each allergen will be discussed individually
below before concluding with a broader discussion
of multifaceted interventions.

Dust mites

The major dust mite allergens are Der f 1 and Derp 1
from the two most common house dust mite
species, Dermatophagoides farinae and Dermatopha-
goides pteronyssinus. Several different approaches
to dust mite allergen exposure reduction have been
studied and generally focus on source removal
(i.e. killing the dust mites) and/or removal of the
allergen. As the major dust mite allergens are carried
on larger particles (>10 microns), they quickly
settle to dependent surfaces after disturbance of
the reservoir [30]. For this reason, air filtration is
not likely to have any meaningful effect on dust
mite allergen exposure. The primary approaches
include measures that target the bed, which are
frequent washing of all bed linens in hot water
and use of allergen impermeable mattress and
pillow encasements; and measures that target other
allergen reservoirs, which are vacuuming, pulling up
carpet, and application of acaricides or allergen
denaturing agents. Application of acaricides and
allergen denaturing agents is cumbersome, but
one Cochrane review suggests that acaricides may
be beneficial [6,31]. Home or room dehumidifica-
tion, with a goal of reducing relative humidity less
than 45% can reduce dust mite populations [32].
Sustained reduction of indoor relative humidity is
difficult to achieve, and carpet removal is expensive
and of unclear benefit. First-line approaches to
reduce dust mite allergen exposure include washing
of bed linens and use of allergen-impermeable
mattress and pillow encasements and these are
highly effective in reducing mite allergen in the
bed [12,15%,18]. In studies [4,5,33,34] with carefully
selected patients who are very likely to have dust
mite-driven asthma, dust mite interventions that
resultin a substantial reduction in dust mite allergen
levels have had a clinical effect. In contrast, in
an unselected population of adults with asthma,
allergen impermeable covers were not associated
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with any improvements in asthma [9]. This experi-
ence with dust mite allergen interventions high-
lights the importance of patient selection in the
efficacy of allergen exposure interventions. Pediatric
patients, for example, have more atopy-driven
asthma than adults, so may be more responsive to
environmental interventions [10,35].

Despite some positive clinical trials, there
have been many negative clinical trials, including
a negative meta-analysis [36], resulting in heated
debate about the efficacy of dust mite control
measures in asthma [37]. However, there are several
possible explanations for the negative trials and
these should be scrutinized so that an opportunity
to improve upon current intervention methods is
not missed. Because dust mite exposure, like other
indoor allergens, occurs outside of the home [28],
some have suggested that the bed is not the site of
greatest exposure so that interventions focused on
the bed may have little effect on a patient’s total
exposure throughout the day [38"]. The spatial and
temporal aspects of dust mite allergen exposure
may be more complex than previously thought
and explain the limited efficacy of first-line dust
mite environmental control practices. These issues
related to complex spatial-temporal aspects of
exposure are applicable to at least some, if not all
of the other major indoor allergens [23,39"], and
could lend insight into how to most effectively
reduce allergen exposure.

Furry pets

The most common furry pets are cats and dogs,
so this discussion will focus on these two major
allergens. The major dog allergen is Can f 1 and
the major cat allergen is Fel d 1. These allergens, in
contrast to dust mite and cockroach allergens,
are predominantly carried on smaller particles
(<10-20 microns) so remain airborne for long
periods and are readily detectable in air samples
from homes. Because of this characteristic, and
the reluctance of patients to give up their pets, there
have been several studies [40-42] examining the
efficacy of air filtration in reducing airborne pet
allergen levels and improving asthma in sensitized
patients. Overall, these studies have found that this
approach is ineffective at improving asthma out-
comes and at best, only modestly reduces airborne
allergen levels. Only one study that evaluated this
general approach reported a positive effect and in
this study, children with well controlled, persistent
asthma and pet sensitization with a pet in the
home were enrolled. This study [41] was a double-
blind placebo-controlled crossover study of two air
purifiers — one in the living room and one in the

1528-4050 © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Environmental control for asthma Matsui

bedroom. Settled dust allergen levels were not
changed, but active filters captured significantly
more pet allergen than sham filters. Lung function
did not improve, but airway hyper-responsiveness
improved in the active air purifier group. Even if, in
some circumstances, air filtration improves asthma
in pet-allergic patients, there is no evidence to
suggest that either the short-term or long-term
effects on asthma are equivalent to pet removal.
A recent study [43"] addressed the question
of whether certain dog breeds are ‘hypoallergenic’
by measuring dog allergen levels in dust and air
samples collected from homes with a variety of dog
breeds, including ones considered ‘hypoallergenic’.
The investigators found that homes with ‘hypo-
allergenic’ dogs had similar levels of dog allergen
as homes with ‘nonhypoallergenic’ dogs.

Almost all studies support the notion that
significant reductions in animal allergen levels
require source removal, or relocating the pet. Even
after removing the pet from the home, it can take
several months before significant reductions in
allergen levels are observed [44]. There is only one
trial of pet removal, and it is not a randomized
trial, likely because of the obvious feasibility issues
related to patients being willing to be randomized
to pet removal or pet keeping groups [45]. In this
one study, airway hyper-responsiveness was signifi-
cantly improved in the pet removal group, and none
of the participants in this group required inhaled
corticosteroids at the end of the study while almost
all in the pet-keeping group did. Indirect exposure
to cat allergen can also cause asthma symptoms
in sensitized children. Cat allergen brought in by
students with cats at home has been linked to
asthma symptoms and worsening peak flow in
cat-sensitized classmates with asthma, demonstrat-
ing that indirect exposure can trigger asthma [46].

Similarly to the concept that high-level allergen
exposure can protect against the development of an
allergen-specific IgE response, high-level exposure
may also attenuate symptoms. This has been
called the ‘Thanksgiving effect’ and is recognized
in clinical practice when cat-allergic asthma patients
living with, and apparently tolerating, a cat go
away to college in the fall, and then return home
for Thanksgiving and, upon re-exposure to the cat,
develop significant asthma symptoms [47]. How-
ever, there are no data to support the idea that
sustained animal allergen exposure is better than,
or even equivalent to, pet removal in asthma
management, so this cannot be a recommended
approach for pet-allergic asthmatics. A recent
practice parameter focusing on furred pet allergens
and allergic disease provides more detail on this
topic [48™].
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Rodents

Rodent allergens have been recognized as a cause of
occupational allergy and asthma for many decades,
but have only recently been recognized as a poten-
tial cause, and exacerbator of, asthma in community
populations. Mus m 1, the major mouse allergen, is
found primarily on small particles, like other furred
animal allergens, so is readily airborne [49,50].
It is found in virtually all inner-city homes, parti-
cularly in communities in the northeastern and
Midwestern US [51-53]. Although 75-80% of US
homes have detectable mouse allergen, concen-
trations in inner-city homes are as much as 1000-
fold higher than those found in suburban homes
[54,55]. Early-life IgE sensitization to mouse has
been linked to an increased risk of recurrent wheeze
and other atopic diseases in an inner-city birth
cohort [56], and exposure has repeatedly been
linked to increased risk of a range of markers
of uncontrolled and more severe asthma among
sensitized children [39%,52,53]. One pilot study
[57] of 18 homes demonstrated an approximately
75% reduction in settled dust mouse allergen
levels with a professionally delivered integrated pest
management intervention that included both trap
placement and application of rodenticide. Although
reducing home mouse allergen levels in mouse-
sensitized patients with asthma would be expected
to be clinically efficacious, whether this is the case is
unclear. Rat allergen sensitization and exposure has
also been linked to asthma morbidity in inner-city
children, but only one-third of inner-city homes
have detectable rat allergen and 20% of inner-city
children with asthma are sensitized to rat, so that
overall, a small proportion of inner-city asthma
patients is affected by rat allergen exposure [58].
A recent practice parameter focusing on rodent
allergens and allergic disease provides more detail
on this topic [59™].

Cockroach

The most common cockroaches in US inner-cities
are the German and American cockroaches, and the
major German cockroach allergens, Bla g 1 and Bla
g 2, are the best studied in terms of health effects.
Cockroach allergen exposure among sensitized
inner-city children with asthma was first linked to
asthma morbidity in the NCICAS in a study [60]
published in 1997. Since then, the link with asthma
morbidity has been replicated [61], and highly effec-
tive methods based on integrated pest management
principles to reduce cockroach allergen levels have
been identified [62]. Moreover, in a successful multi-
faceted environmental intervention in inner-city
children with asthma, the degree of reduction in
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cockroach allergen was correlated with the degree
of improvement in asthma symptoms, providing
support for recommending cockroach allergen
environmental control measures as an integral part
of asthma management in cockroach-sensitized
children with asthma [34]. There is also a recent
practice parameter that provides more detail about
the role of cockroach allergen in allergic diseases
(under review at JACI).

Other indoor exposures

Although allergens immediately come to mind
when thinking about the effect of indoor environ-
mental exposures on asthma, there are nonallergen
indoor exposures that adversely affect nonatopic, as
well as atopic, patients with asthma. Dampness has
received much attention as a risk factor for asthma
and asthma symptoms, and recent meta-analyses
confirm previous work that a damp indoor environ-
ment is a risk factor for incident asthma [63,64].
Whether the effect of dampness is attributable to
mold, dust mites, or other factors is not clear; how-
ever, one environmental trial of moisture remedia-
tion demonstrated beneficial effects on asthma [65].
Indoor pollution, particularly airborne fine and
coarse particulate matter (PM2.5 and PM2.5-10,
respectively), has been repeatedly linked to asthma
symptoms and other measures of asthma morbidity
[66,67] as has indoor NO,, [68]. Cigarette smoke is a
major source of indoor particulate matter (PM), but
cooking and sweeping are also important sources of
PM [69]. NO, is produced by combustion; so homes
with gas appliances and gas heat have higher NO,
concentrations and one school-based trial found
an improvement in asthma when unvented gas-
heating systems were replaced with either flued
gas or electric systems [70].

In the past few years there have been several
studies [71%,72-75] supporting the efficacy of
portable high efficiency particulate air (HEPA)
purifiers in reducing indoor PM and, in some cases,
also improving asthma outcomes. This approach
has been effective even when used in homes of
asthmatic children who live with a smoker [71""].
Although the air purifiers do not reduce indoor PM
concentrations to levels found in homes without
smokers, so they cannot be recommended over a
home smoking ban, they are effective in lowering
indoor PM concentrations by 50% or more, so are a
reasonable alternative when a home smoking ban is
not feasible or while a family is working towards a
home smoking ban.

Not surprisingly, interventions explicitly aimed
at multiple indoor exposures continue to demon-
strate clinical efficacy. For example, legal assistance
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to implement environmental control practices was
effective at improving asthma in one retrospective
chart review study [76]. Interestingly, a device that
distributes filtered cooled laminar airflow over
the bed was shown to be highly effective in a
randomized, placebo-controlled crossover study
[77]. Although the results of this clinical trial are
encouraging, questions regarding the cost-effective-
ness and acceptability of this type of intervention
for the general asthma patient population remain.
In addition, a recent trial of relocation to high
altitude highlights the fact that the environmental
interventions that have been tested can never
specifically target only one environmental exposure
[78"]. This trial, which was designed to determine
whether the beneficial effects of high altitude
observed in earlier studies were specific to allergic
asthmatic patients, found that nonatopic asth-
matics not only improved with relocation to a high
altitude environment, but that their magnitude of
improvement was the same as that observed in
atopic patients. These findings suggest that there
are other environmental features of high altitude
aside from the lack of dust mites that have beneficial
effects on asthma. From a practical standpoint, the
fact that all environmental interventions by nature
target more than one environmental contaminant is
irrelevant when the overall objective is to identify
interventions that are clinically effective; however,
it makes understanding the nature of the relation-
ships between any given environmental contami-
nant and allergic disease outcomes challenging.

Environmental control has a clearly established
role in the management of asthma, but its role as a
primary prevention tool is not supported by recent
clinical trials. Individually tailored, multifaceted
interventions are recommended as a part of standard
asthma management, as single allergen interven-
tions appear to be less effective than multifaceted
interventions. Emerging work highlights the poten-
tial impact of key concepts on our current view
of environmental control. These concepts include
individual susceptibility; co-exposures, such as pollu-
tants and microbes; spatial-temporal aspects of
exposure, and dose—response relationships. A better
understanding of how these factors influence the
relationship between environmental exposures and
asthma should lead to more effective environmental
control strategies.
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