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Abstract

Children living in lower-income urban communities are at much greater risk of developing asthma, going to the emergency
department for an asthma attack and being hospitalized for asthma than children living in upper- and middle-income commu-
nities. For many asthmatic children living in urban communities, especially those with greater morbidity, the allergic pathway is
important in the etiology of the disease. The stages of developing allergic disease can be divided into the onset of allergic
sensitization, development of allergic disease and subsequent exacerbations, and it is useful to consider the relevance of inter-
ventions at each of these stages. Indoor allergens and environmental exposures are a major contributor to allergic disease,
particularly among lower socioeconomic status, urban, minority communities. These exposures include allergens, environmental
tobacco smoke, combustion by-products, and mold, all of which can play an important role in asthma progression as well as
morbidity. These exposures are often not found in isolation and thus these concomitant exposures need to be considered when
conducting environmental interventions. There have been numerous studies looking at both primary and tertiary prevention
strategies and the impact on allergic sensitization and asthma with varied results. While the outcomes of these studies have been
mixed, what has emerged is the need for tertiary interventions to be targeted to the individual and to reduce all relevant exposures
to which an asthmatic child is exposed and sensitized. In addition, effective intervention strategies must also consider other social
determinants of asthma morbidity impacting low socioeconomic, urban communities.
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Introduction

Urban communities in the USA have a higher asthma prev-
alence than suburban and rural communities [1]. Even
more striking, asthma prevalence and morbidity vary with-
in many cities. Throughout this review, we will use New
York City (NYC) to illustrate how certain communities
bear greater burdens of asthma morbidity and the expo-
sures that can cause and exacerbate asthma as a mechanism
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for us to examine the complexities of reducing asthma
morbidity through individual and community level envi-
ronmental interventions. In NYC, emergency department
visits and hospitalizations for asthma vary by an order of
magnitude among neighborhoods (Fig. 1) [2]. This vari-
ability correlates not only with indexes of poverty, but also
with environmental and non-environmental determinants
of asthma morbidity. The urban environment is complex
and can be defined beyond just its physical built environ-
ment (e.g., housing structure, buildings, streets, open
spaces, and infrastructure) and higher population density.
Features of the urban community that can also affect health
include multiple environmental and social exposures as
well as access to health care and the segregation of poor
communities. Differences in socioeconomic status and ac-
cess to health care in urban communities clearly contribute
to asthma morbidity.

Children living in lower-income communities are at much
greater risk of developing asthma, going to the emergency
department (ED) for an asthma attack and being hospitalized
for asthma than children living in upper- and middle-income
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Fig. 1 Neighborhood rates of asthma a ED visits and b hospitalizations among 515 year-old children in New York City. Rates per 10,000 residents-
based data reported by NYC Department of Health and Mental Hygiene reported for 2014 [2]

communities [3]. For many asthmatic children living in urban
communities, especially those with greater morbidity, the al-
lergic pathway appears to be important in the etiology of the
disease [1]. The development of allergic disease can be con-
ceptualized through what has been described as the “atopic
march.” With this paradigm, the steps to developing allergic
disease are divided into the onset of allergic sensitization, the
development of allergic disease and exacerbation of that dis-
ease, with the relevance of exposures evaluated separately for
each step (Fig. 2). It is important to consider unscheduled
medical visits (e.g., ED visits) and hospitalizations in this
pathway, with environmental exposures involved in the steps
that lead to the asthma attacks and health care access and
utilization as modifying risk for these consequences.

Indoor allergens and other environmental exposures are a
major contributor to asthma development and morbidity, par-
ticularly in individuals of minority groups in lower socioeco-
nomic status living in inner-city homes. These exposures in-
clude allergens, environmental tobacco smoke, combustion
by-products, and mold. There have been numerous studies
looking at both primary and tertiary interventions and impact
on allergic sensitization and asthma.

Fig. 2 Environmental and non-
environmental determinants of
the development exacerbation
and consequences of urban
asthma
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Allergens

Dust mite exposure has been associated with dust mite sensiti-
zation, which is a risk factor for the development of asthma [4].
Two major house dust mite allergenic proteins are Der pl and
Der f' 1, from the species Dermatophagoides pteronyssinus and
Dematophagoides farinae, respectively. There have been nu-
merous studies looking at domestic exposure to these dust mite
allergens and subsequent sensitization [5]. Wang et al. demon-
strated in inner-city asthmatic children in the USA that having
specific IgE antibodies to dust mites was associated with in-
creased risk of asthma morbidity, which was defined as un-
scheduled visits, hospitalizations, and medication use, and that
asthma morbidity increased in a linear manner with specific
IgE levels [6]. Previous review articles have described that
impermeable dust mite covers may help to reduce exposure
levels to dust mites, although they have not been proven to
be effective in preventing allergic disease. A systematic review
in 2008 looked at the effects of multiple dust mite control
measures on asthma outcomes and found successful mite ex-
posure reduction with both physical and chemical interven-
tions. However, these control measures did not reduce asthma
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morbidity, demonstrated with the most commonly used out-
come of morning peak flow as a measure of asthma severity,
which did not suggest any meaningful effect of interventions
[7]. Additionally, a meta-analysis looking at impermeable dust
mite covers and their primary and tertiary prevention of allergic
disease concluded that the use of dust mite covers alone was
not effective in preventing allergic disease or in decreasing
allergic disease symptoms [8].

Cockroach infestations are associated with urban environ-
ments and cockroach allergy has been associated with increased
asthma morbidity in inner-city children. German and American
cockroaches are common and sensitization to allergens from
both species is observed. A study looking at public housing
residents in New York City found that 77% of residents had
evidence of cockroaches, suggesting building level characteris-
tics can affect high pest exposure [9]. In NYC, we found that
cockroach sensitization, which is a strong risk factor for asth-
ma, occurred more frequently among residents living in neigh-
borhoods with a higher asthma prevalence compared with those
living in neighborhoods with a lower asthma prevalence [10].
Figure 3 a illustrates domestic cockroach sightings in NYC,
which highlights the large variability in frequency of cockroach
sightings among NYC neighborhoods. In comparing the map
in Fig. 3 a to those in Fig. 1, there is clearly a correlation
between neighborhoods that have a higher asthma burden also
having a higher burden of cockroaches in their homes. With
respect to asthma morbidity, exposure to cockroach allergen
has been found to be strongly associated with increased hospi-
talizations in children with asthma [9]. In an important study
published in 1997, Rosenstreich et al. found that asthmatic
children with both a positive skin test to cockroach allergen
and a higher level of cockroach allergen in bedroom dust had
the highest levels of asthma morbidity [11].

Integrated pest management (IPM), based on prevention,
monitoring, and control as opposed to conventional chemical-
based control, has been shown to be an effective approach to
cockroach abatement. However, this can be costly and diffi-
cult to implement. One small randomized control trial in New
Orleans showed that strategic placement of insecticidal bait
significantly reduced cockroaches in homes and lead to im-
proved asthma outcomes with decreased symptoms and health
care utilization and improved lung function [12]. The findings
from this study need to be replicated in other communities, but
they suggest that less expensive interventions on cockroach
allergen could be effective in reducing asthma symptoms.

Mice also contribute important allergens to the domestic
environment. A national survey found detectable mouse aller-
gen in over 80% of homes in the USA. However, the concen-
trations and detection frequencies in inner-city homes are of-
ten substantially higher than those found in suburban homes
[13—15]. In addition to being important for pediatric asthma,
rodent allergy is a well-known cause of occupational diseases.
One study of employees at a mouse handling facility found

that as many as half of non-mouse handling workers had sig-
nificant levels of mouse allergen exposure [16]. Additionally,
adults who work in these settings have been shown to transfer
allergens from work environments to their homes. For exam-
ple, the mattresses of laboratory animal workers have been
found to contain significantly higher amounts of rodent aller-
gen compared to controls who were not occupationally ex-
posed [17]. Rat allergen has been studied less than mouse
allergen. One multi-center study found rat allergen was detect-
able in only one third of dust samples from inner-city homes,
which suggests it affects far fewer children than mouse aller-
gen does [18]. These differences between mouse and rat aller-
gen exposure can likely be explained by the behavior and
nesting habits of the rodents, as rats tend to dwell outdoors.

In NYC, just as with cockroach, report of domestic rodent
sightings is more common in neighborhoods where asthma
morbidity is worse (Fig. 3b). Minority children living in
lower-income urban environments exposed and sensitized to
mouse have been shown to be at an increased risk of asthma
severity [19]. Fishbein et al. found that among mouse sensitized
children of Latino ethnicity, there were high health care utiliza-
tion rates and increased asthma morbidity [20]. It has been
shown that there is a linear dose-response relationship between
domestic mouse allergen exposure and asthma morbidity
among mouse-sensitized asthmatics [21]. This implies that en-
vironmental interventions to reduce significant exposure to
mouse allergens would therefore be associated with a decrease
in asthma morbidity. In a small study of 18 inner-city homes of
asthmatic children, Phipatanakul et al. showed a significant
reduction in mouse allergen levels using IPM, including
vacuuming, pesticides, traps, and sealing of holes [22]. While
they did not show improvement in lung function or asthma
symptoms, this relatively small study was likely underpowered
to show clinically relevant differences. Another study in inner-
city school-aged asthmatics showed that rodent-specific envi-
ronmental interventions reduced mouse allergen levels and im-
proved asthma-related sleep and activity disturbances; howev-
er, there was no reduction in wheeze or health care utilization
[23]. In a year-long randomized control trial, it was found that
professionally delivered IPM plus pest management education
intervention targeted at mouse allergen was not more effective
than education alone in reducing asthma symptoms in mouse-
sensitized and exposed children and adolescents with persistent
asthma [24]. However, in this study, mouse allergen decreased
in both the IPM and education group and decreases in mouse
allergen exposure were associated with improvement in asthma
morbidity, suggesting that mouse allergen reduction could be
beneficial in reducing asthma morbidity.

In addition to exposure of allergens themselves, the
timing of exposure to allergens and other exposures ap-
pears to play an important role in the pathogenesis of asth-
ma. The age of onset of sensitization seems to play a sig-
nificant role, with aeroallergen sensitization at a younger
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Fig. 3 a—f Distribution of
environmental exposures related
to asthma by neighborhood in
NYC. Data for 2012-2014 re-
ported by NYC Department of
Health on their Environment and
Health Data Portal [2]. Greater
detail on survey methods avail-
able in supplementary online
material
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age being associated with increased risk of childhood asth-
ma [25]. In a study based in lower-income, urban commu-
nities, exposure to cockroach, mouse, and cat allergens
during infancy was associated with lower risk of asthma
at age 7 years [26]. In contrast, among a cohort of NYC
children, we observed that early life exposure to cockroach
allergen was associated with increased risk of developing
sensitization to cockroach by school age, an association
significantly enhanced by co-exposure to the combustion
by-products, polycyclic aromatic hydrocarbons [27]. Also,
a pooled analysis from the European birth cohorts found no
association between the presence of cats in the home
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during infancy and asthma at school age [28]. Another
early life exposure study found that children exposed to
high levels of dust mite allergen at age 2 to 3 months had
a threefold increase in the odds of asthma by age 7 com-
pared to those exposed to low levels [28]. There has also
been some evidence to suggest that early life exposure to
allergen and bacteria can have a protective effect on
wheeze. For example, Lynch et al. found that in an inner-
city environment, children with high levels of exposure to
allergens such as cockroach and mouse as well as bacteria
during the first year of life were less likely to develop
recurrent wheeze and allergic sensitization [29].
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Environmental Tobacco Smoke

Environmental tobacco smoke (ETS) is known to increase the
prevalence of both upper and lower respiratory tract illnesses
[30]. A systematic review and meta-analysis showed that ex-
posure to passive smoking, especially pre- or postnatal mater-
nal smoking, increases the risk of wheeze and the incidence of
asthma at age 5 to 18 years [31]. A pooled analyses from 15
European birth cohorts found that children of mothers with
passive smoke exposure during pregnancy were more likely to
wheeze at age 2 years [32]. In Fig. 3 ¢, we show that NYC
neighborhoods with higher asthma prevalence, such as
Harlem and the South Bronx, also have increased frequency
of adults smoking, which likely indicates that asthmatic chil-
dren in these communities are at increased risk for ETS
exposure.

Although it is clearly evident that ETS is a major risk factor
for asthma, studies have shown that it is difficult to effectively
reduce ETS. A Cochrane review of smoking control programs
for reducing children’s exposure to ETS showed that parental
education and counseling programs have not been effective
[33]. Similarly, a minimal intervention study to reduce sec-
ondhand smoke exposure among children with asthma from
low-income minority families was shown to be ineffective
[34]. One randomized control trial looked at use of air cleaners
and a health coach to reduce particulate matter and found that
air cleaners in homes of children with asthma lead to a signif-
icant reduction in indoor fine particulate matter (PM 2.5) con-
centrations and increased symptom free days; however, there
was not a decrease in air nicotine or urinary cotinine [35].
Similarly, Lamphear et al. showed that HEPA air cleaners
led to significant reductions in unscheduled asthma visits
and levels of fine airborne pollutants, but did not decrease
asthma symptoms, cotinine levels, or exhaled nitric-oxide
levels [36].

There have also been larger scale public health campaigns
in recent years to help reduce ETS exposure. A Cochrane
review of institutional smoking bans showed that there has
been a reduction in secondhand smoke exposure [37].
Recently, the US Department of Housing and Urban
Development has mandated that public housing authorities
prohibit smoking in residential apartments to reduce second-
hand smoke exposure. Although implementation has been
controversial, there is great potential for improvement in
health outcomes. A study looking at the initiation of this pol-
icy and public housing in Philadelphia showed reduced sec-
ondhand smoke exposure. [38]

Community level interventions may be one solution to re-
ducing ETS. Overall, in the USA, the prevalence of cigarette
smoking among adults has been found to be highest among
those living in rural and urban areas and lowest among indi-
viduals living in small and large metropolitan areas [39]. A
recent study looking at trends in rural and urban cigarette

smoking in the USA found that rural areas have a higher
smoking prevalence than urban areas and moreover that the
trend in cigarette use is declining more quickly among urban
populations than in rural population [40]. The authors specu-
lated that these trends may in part be explained by the ability
to implement tobacco control and regulatory policies better in
more densely populated areas [40]. In a study of ten US states,
urban areas and areas with high per capita income were more
likely to have strong smoke-free laws [41].

In addition to traditional tobacco smoke, electronic ciga-
rettes (EC), also known as “e-cigarettes™ or “nicotine delivery
systems”, have recently become popular; however, their safe-
ty, and the health effects from passive exposure has not been
well studied [42]. ECs are battery-operated devices which use
a heating mechanism to vaporize a liquid into an aerosol that is
then inhaled. The inhaled aerosol typically contains nicotine,
propylene glycol, and other chemicals. The safety profile of
the inhaled aerosol has not been well established, although
several studies have demonstrated that EC vapors contain
not only nicotine, but other potentially toxic substances such
as small amounts of heavy metals, known carcinogens, and
ultra-fine particles [43]. A systematic review found that al-
though risks of passive exposure to EC vapor is likely less
than ETS exposure, the pollutants from EC vapors are at con-
centrations that are associated with potential adverse health
effects [42].

Although there has been a decline in rates of cigarette
smoking in youth over the last decade, there has been a dra-
matic increase in the use of EC among young people in the last
5 years and the use of e-cigarettes is now higher among high
school students than adults [44]. One recent study found that
among current high school cigarette smokers, those in urban
schools were nearly twice as likely as rural students to also use
e-cigarettes [45].

The long-term public health effects of ECs are not known
and the regulation of EC use varies across the USA. The use of
ECs in otherwise “smoke free” environments is not universal-
ly controlled. One study looking at indoor air quality at a 2-
day EC event held in a large hotel room found that PM 2.5
concentrations were higher than in previously reported mea-
sures in hookah cafes and bars that allow cigarette smoking
[46]. As 0f 2017, 12 US states had prohibited the use of ECs in
venues in which conventional cigarette smoking was
prohibited. [47]

Combustion By-products from Fossil Fuel

There is substantial evidence that exposure to the main com-
ponents of combustion-related air pollution including, nitro-
gen dioxide, fine particulate matter, black carbon, and sulfur
dioxide, is correlated with subsequent childhood asthma de-
velopment [48]. A study in Southern California showed that
exposure to air pollution (specifically nitrogen dioxide, acid
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vapor, and elemental carbon) was associated with subsequent
deficits in lung function among children ages 10 to 18 years
[49]. Another study in Mexico City showed that long-term
exposure to particulate matter less than 10 um, nitrogen diox-
ide, and ozone was associated with lung function deficits over
a 3-year follow-up period among school-aged children [50].
Nitrogen dioxide (NO,) is a pollutant gas by-product of com-
bustion from outdoor sources such as traffic and indoor
sources such as gas stoves, heaters, and poorly ventilated fur-
naces and fireplaces. It has been shown to affect both allergic
and non-allergic children with asthma [51]. A randomized
intervention study focusing on gas stoves as the primary target
of remediation of indoor NO, concentrations found reduction
of up to 50% in indoor NO, concentrations when a gas stove
was replaced with an electric stove [52]. They also demon-
strated a 27% decrease in median kitchen NO, with placement
of air purifiers with HEPA and carbon filters in the home [52].
An intervention study in New Zealand showed homes receiv-
ing more efficient heating devices in place of unflued gas
heaters had lower NO2 concentrations than control homes
[53]. Additionally, a randomized control trial of installing
non-polluting, more effective home heating in households of
children with asthma in New Zealand found no significant
change in lung function, but a reduction in asthma symptoms
including sleep disturbed by wheeze and nighttime cough
[54].

Other major gaseous pollutants include ozone and sulfur
dioxide. Sulfur dioxide (SO,) is emitted from burning of
sulfur-containing fossil fuels. Exposure to SO, has been
shown to cause bronchoconstriction and associated with in-
creases in respiratory morbidity [55]. Ozone is a potent oxi-
dizing agent that is formed by a photochemical reaction be-
tween sunlight and pollutant precursors, particularly in warm-
er temperatures. Ozone exposure has long been shown to re-
sult in airway inflammation and hyper-responsiveness. One
study demonstrated that chronic higher exposure levels of
ozone in US metropolitan counties were associated with the
prevalence of current asthma diagnosis and asthma exacerba-
tions in the previous year [56]. Another study showed that
ozone levels in Southern California contribute to an increase
in the risk of hospitalization for children with asthma [57].

Black carbon is a major component of fine particulate mat-
ter (PM 2.5) in urban communities, which comes from incom-
plete combustion of fossil fuels. Its sources are primarily out-
doors, such as truck traffic, but can also come from the burn-
ing of oil in residential boilers. It has been shown that children
living in urban areas, such as the South Bronx, have higher
exposure to traffic emissions, which is related to the built
environment and highway truck traffic [58]. The burning of
residual oil in boilers has also been a major source of ambient
black carbon. In NYC, ambient black carbon is higher in
neighborhoods with higher asthma prevalence and indoor
black carbon has been associated with increased fractional
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exhaled nitric oxide in children, a biomarker of airway inflam-
mation [59]. A prospective birth cohort of children in NYC
showed a positive association between residential indoor
levels of PM 2.5 and the development of new wheeze among
children 5 to 7 years old [60].

Polycyclic aromatic hydrocarbons (PAHs) result from in-
complete combustion of organic matter, such as coal, petro-
leum, and gasoline, and are another air pollutant that has been
linked with asthma. One study found that obese young chil-
dren were more likely to develop asthma in association with
greater exposer to traffic-related air pollutants, including
PAHs, from combustion sources compared with non-obese
counterparts [61]. It has also been reported that young children
in NYC who are repeatedly exposed to high PAH during pre-
natal and early childhood periods may be at greater risk of
having asthma [62]. Another recent study highlighted that
small-scale spatial variations related to the urban built envi-
ronment may influence personal exposure to PAHs by dem-
onstrating that ambient PAHs are significantly higher when
measured from a window adjacent to a street compared to a
window adjacent to an alley [63].

Overall, the major sources of these pollutants are from mo-
tor vehicles, power plants, and burning oil for heat. The built
environment of cities, therefore, can contribute to exposure to
these combustion by-products. One study found that closer
residential proximity to a major roadway was associated with
poorer asthma control in school-age children, with asthma
control being defined as wheezing episodes requiring short-
acting bronchodilator use that occurred more than twice week-
ly [64]. In addition, the distribution of local combustion by-
product sources is not evenly distributed in the urban environ-
ment. In NYC, many neighborhoods with a higher asthma
burden also have higher airborne black carbon (Fig. 3d), al-
though the correlation between this environmental exposure
and asthma morbidity on an ecological level are not as striking
as for cockroaches and mice. A study from Atlanta, Georgia,
found that neighborhood-level socioeconomic status (SES) is
also a factor contributing vulnerability to air pollution-related
pediatric asthma morbidity. They demonstrated a stronger as-
sociation between neighborhood-level air pollution and ED
visits for asthma among children living in communities with
extremely low neighborhood SES compared to higher SES
neighborhoods [65]. Although environmental regulation has
helped to reduce emissions of pollutants, it is evident that
additional large-scale policy initiatives to develop alternative
power sources are still needed [66].

Mold

Another indoor environmental exposure that is an important
risk factor for childhood asthma development and exacerba-
tion is mold (i.e., fungi). Report of home dampness and pres-
ence of mold have been associated with asthma [67]. Again,
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on an ecological level in NYC, we see that many of the neigh-
borhood reporting higher rates of ED visits and hospitaliza-
tions for asthma also have a higher report of water leaks in
their homes (Fig. 3¢). In a birth cohort study, infants exposed
to high concentrations of mold species common among water-
damaged buildings were more likely to have asthma when
they reached school age [68]. In addition, a case-control study
that investigated objective measurements of indoor mold from
both bedroom mattresses and play area floors found a signif-
icant association between mold exposure and current asthma
in school-age children [69]. A recent meta-analysis showed
that increased levels of certain molds pose a respiratory health
risk in susceptible patients, with evidence of increased levels
of the most common fungal allergens (Penicillium,
Aspergillus, Cladosporium, and Alternaria species) being as-
sociated with increased exacerbation of current asthma symp-
toms in children and adults [70].

Interestingly, although exposure to indoor molds has been
thought to influence the development of future asthma, there
has been some recent evidence to suggest that the increased
diversity of mold exposure may be protective. One study
looking at the urban dust microbiome found that exposure to
greater fungal diversity shortly after birth was associated with
lower risk of development of wheezing and aeroallergen sen-
sitization in later childhood [71]. Another study looking at
indoor fungal diversity in schools found that exposure to
higher fungal diversity was inversely associated with allergic
sensitization; however, they did not observe the same associ-
ation with asthma [72].

Indoor environmental factors that influence the presence of
dampness and the concentration of molds within homes in-
clude modifiable risk factors such as residential characteris-
tics, the built environment, and behavior, which, when altered,
can in turn lower allergy burden [73]. In a small trial,
Kercsmar et al. found that construction remediation targeting
the root causes of indoor home moisture and mold (e.g., re-
duction in water infiltration, removal of water-damaged mate-
rials, and ventilation/heating/air-conditioning alternations) re-
sulted in a reduction in asthma symptom days and health care
utilization among inner-city asthmatic children with indoor
mold exposure [74]. Another study showed that a comprehen-
sive program including community health care worker in-
home education in combination with weatherization (defined
as home air tightness measurements, combustion safety test-
ing, heating system assessment, and assessment of moisture-
related problems) and healthy home interventions to reduce
asthma triggers lead to a statistically significant reduction in
visible mold and improved asthma control and caregiver qual-
ity of life [75].

In recent years, there has been some controversy regarding
fungal allergy relating to a condition popularly termed “toxic
mold syndrome” or “mycotoxicosis.” Much of this debate has
centered on exposure to Stachybotrys chartarum, sometimes

referred to as “toxic mold” or “black mold.” Stachybotrys
tends to grow in water-damaged environments and is a marker
for damp environment as it thrives on long-term moisture
[76]. Stachybotrys was first reported to cause toxic reactions
in farm animals in the 1930s and farm workers in the 1940s. In
the 1990s, there was a rise in concern about indoor exposure in
humans after a report linked exposure to pulmonary
hemosiderosis in infants, which presumed myotoxins from
Stachybotrys to be the cause of symptoms. However, addition-
al analysis later showed that exposure to ETS and
S. chartarum had equally significant associations indicating
that although S. chartarum could not be excluded as the cause
for the cases of pulmonary hemosiderosis, it was also not the
proven cause [76]. The term “toxic mold” became popular-
ized in recent decades after fungus-related legal actions were
taken regarding building contamination and presumed health
effects of “black mold.” Mold-related symptoms are most
likely to occur as a result of allergic sensitization, transient
irritation, or infection; however, there has not been any scien-
tific medical evidence to support building-related
mycotoxicosis [77].

Other anthropogenic chemicals found in the urban environ-
ment have been linked to asthma outcomes in observational
studies, including the phthalates and bisphenol A [78-80]. It
may be important to consider some of these exposures in
future interventions to reduce asthma development, although
avoidance measures can be difficult with these ubiquitous
chemicals.

Implementation of Interventions

Thorough implementation of environmental interventions to
help manage asthma has been demonstrated in both home-
based studies as well as through community health workers.
A home-based environmental intervention study among inner-
city children with atopic asthma found that individualized,
home-based, comprehensive environmental intervention de-
creased exposure to indoor allergens resulting in reduced
asthma-associated morbidity; however, it is important to note
that in this study, both the intervention and control group had
reduction in levels of cockroach and dust mite allergens in the
bedroom [81]. Takaro et al. suggested in a pilot study that
asthma-friendly home construction reduces exposure to in-
door asthma triggers and improved asthma morbidity. These
“breathe-easy” homes included optimized exterior moisture-
proofing, flooring, and finishes that minimized dust accumu-
lation and off gassing, and energy efficient ventilation with
filtration. They demonstrated significant reduction in expo-
sure to mold, rodents, and moisture; nonetheless, compared
to the asthma control intervention who received in-home asth-
ma education alone, there was only statistically significant
improvement in nighttime symptoms and not other asthma
outcomes [82]. Another recent study by Winn et al. evaluated
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the use of commercially available in-home test kits by parents
to quantify dust mite allergen levels in homes of mite allergic
children. They concluded that in-home test kits and education
may positively influence behaviors and attitudes towards dust
mite reduction strategies and help reduce residential dust mite
allergen levels. Interestingly, in the intervention homes, where
test kits were used in addition to education, dust mite allergen
concentrations in the child’s bedroom and living room floors
were reduced over time compared to control homes, which
only received education; although, this finding was not seen
for concentrations in the child’s bed [83].

Another means of implementation of environmental inter-
ventions has been through community health workers.
Krieger et al. demonstrated community health care workers
reduced asthma symptom days, urgent visits, and simulta-
neously improved caregiver quality of life [84]. In a multicen-
ter prospective study, home visits by trained counselors,
Medical Indoor Environment Counselor (MIEC), had positive
effects on compliance with advised mite reduction as well as
reduction in mite allergen exposure levels on mattresses and
carpets [85].

Although the rationale behind allergen avoidance interven-
tions is logical, the data regarding efficacy of these interven-
tions on allergic sensitization and asthma has not been consis-
tent. For example, it has been shown that inner-city adults and
children exposed and sensitized to household allergens on
optimal asthma guideline therapy that had targeted allergen
avoidance measures implemented showed decreased levels
of household allergens, but did not demonstrate a reduction
in need for asthma control pharmacologic therapy [86].
Furthermore, an intervention study looking at avoidance of
dust mite and cockroach allergens in urban asthmatics showed
that although there was a decrease in allergen concentrations
and acute visits among the active allergen avoidance group,
these findings were also observed in the placebo avoidance
group [87]. Still, in both of these studies, as well as the ran-
domized control trial of mouse allergen described earlier
(where intervention and education control had decreases in
mouse allergen), it is important to understand that reduction
in allergen exposure in the control groups could have led to
improvements in symptoms in both intervention and control
groups. While this may have led to an overall null effect of the
study intervention versus the control in improvement in asth-
ma symptoms, it does not disprove the connection between
domestic allergen reduction and improvement in asthma mor-
bidity. However, it does complicate the clinical and public
health recommendations.

O’Connor puts forth multiple justifications for the inef-
fectiveness of specific allergen avoidance interventions
[88]. First, there may be failure to sufficiently reduce an
exposure. For example, Brunekreef et al. noted in a birth
cohort study looking at the relationship between atopic
family history and exposure of newborn to dust mite
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allergen that baseline mite allergen levels on mattresses
of newborns and parents were very low, which was possi-
bly attributed to the unusual cold and dry weather the years
of study initiation [89]. Additionally, if the individual is
not sensitized or exposed to the targeted allergen of the
intervention, there will not be a significant improvement.
Location is another consideration, as reducing exposure in
one location, but not all, will likely be ineffective. This can
be seen on a larger scale with evidence to suggest that the
home environments are not the only important site for al-
lergen exposures. One study found that there were substan-
tial levels of mouse allergen levels in urban schools and
that concentrations of allergen in schools were higher when
compared with concentrations in homes [90]. Hauptman
et al. reviewed literature assessing the health effects of
environmental exposures outside of the home on pediatric
asthma morbidity and concluded that the school environ-
ment is a significant reservoir for allergens and pollutants
[91]. On a smaller scale, impermeable dust mite covers for
mattresses and pillows may not adequately reducing dust
mite exposure in the home, as there are other common
sites, such as carpets and furniture, that may contribute to
high levels of dust mites. Finally, if the intervention only
reduces one allergen, there may still be significant expo-
sure to additional allergens or environmental factors.

As demonstration of the potential effectiveness of consid-
ering these multiple factors in designing an environmental
intervention, a multi-center study enrolled 937 atopic children
living in seven US cities [50]. The children were randomized
to intervention and control groups. The intervention group
received environmental interventions targeted only to those
allergens that the child was sensitized and exposed to. In ad-
dition, environmental tobacco smoke was targeted. This indi-
vidualized approach led to significant, sustained reduction in
allergen (beyond the 1-year study period) and improvement in
asthma symptoms.

It is also important to consider that there are multiple ex-
posures within a given urban community. As illustrated in
Fig. 3, it is apparent that these multiple exposures are common
within urban communities, specifically within certain neigh-
borhoods. In addition, report of holes or cracks in the walls of
homes was also more common in these neighborhoods
(Fig. 3e). Holes and cracks can contribute to cockroach and
mouse infestation, but also suggest structural issues that may
be difficult to intervene on in individual patients. Given these
concomitant exposures and other sociodemographic-related
risk factors, environmental interventions targeted within an
individual’s home may not be adequate to reduce exposure
and sensitization given that a child may spend significant time
in other settings within that community, such as a school. In
addition, recognizing the non-environmental determinants for
intervention is also essential, which may include access to
health care, caregiver education, and psychosocial stress.
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Future Directions

It is clear that the results of environmental interventions have
been varied. However, there is evidence to suggest that iden-
tification of specific allergic sensitization in an individual
coupled with targeted interventions to reduce allergens has
been helpful and may be important in clinical management
of these patients. It is not only essential to target specific
allergens based on patient’s sensitization, but also interven-
tions need to have substantial allergen reduction to lead to a
clinical effect. Most successful interventions to reduce aller-
gen exposure and subsequently reduce asthma morbidity have
been multifaceted, which can be difficult to translate into clin-
ical application. It is apparent that future research is necessary
to help determine which components of environmental inter-
ventions can be implemented efficaciously in clinical practice.

There is also a need to examine cost-effective interventions
and their translation into public health policies to have an
impact on asthma morbidity. There have been some advances
with policies helping to reduce air pollution emissions in re-
cent years. For example, NYC has implemented policies to
phase out the use of residual heating oils that have historically
contributed greatly to airborne combustion related by-
products in NYC. Additionally, the Department of Housing
and Urban Development has instituted smoke-free policies in
public housing, which has shown success in reducing second-
hand smoke exposure. Public health policies for integrated
pest management and large-scale mold remediation are addi-
tional areas of interest to explore how best to implement at a
policy level.

It is evident that future research is still needed to identify
effective environmental interventions that reduce allergen ex-
posure and asthma morbidity and that can be successfully
translated into clinical practice. Large-scale environmental in-
terventions also need to be evaluated on a community and
population level to better understand how these interventions
can be effectively translated into public health policy and
asthma outcomes.
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