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KEY POINTS

e Inner-city asthma is often severe and is associated with increased morbidity and mortality.

e Multiple factors contribute significantly to the disease burden, including biological factors,
environmental factors, care access, and socioeconomic hardship.

¢ Risk factors concentrated in these areas such as environmental allergens (cockroach and
mouse) and pollutants contribute to increased morbidity.

o Remedial measures focused on reduced exposures to these allergens as well as tobacco
smoke, omalizumab, and immunotherapy have been shown to be helpful in control of
symptoms in this population.

INTRODUCTION

Inner cities are defined as poor and large urban/metropolitan areas where at least 20%
of the households have incomes below the federal poverty level.! Several risk factors
related to poverty and urban environment independently contribute to increase in
asthma morbidity in these children and their daily lifestyle. Although these factors
may not be the only causes of asthma development in the children in the inner city,
it is certain that many of them contribute to its severity. These risk factors related to
poverty and urban environments will be discussed in this article.

PREVALENCE

Asthma is among the most common chronic diseases, affecting over 9.5% of children
in the United States.? The prevalence of childhood asthma has increased over the last
decade and appears to be higher in inner-city children (12.9%) versus noninner-city
children (10.6%).° Ethnic minority children also have much higher prevalence of
asthma (African American 17.1%, Puerto Rican 19.8%, and Caucasian 9.6%).°
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MORBIDITY AND MORTALITY

In general, pediatric asthma morbidity is measured by asthma symptoms, activity lim-
itation, asthma exacerbations, and the effect of the disease on the caregiver.'
Although the prevalence of asthma exacerbations decreased from 61.7% in 2001 to
53.7% in 2016, up to 16.7% of children with asthma still had an asthma exacerbation
that required an emergency department (ED) or an urgent care (UC) visit in 2016. In
spite of the fact that death related to asthma should be preventable, the mortality
rate for children with asthma is at 2.8 cases per million population per year.®

Itis possible that inner-city children with asthma have more severe disease, needing
more medication to control their asthma than noninner-city children. It is hypothesized
that decreased responsiveness to corticosteroids can be an underlying cause of
this difficult-to- control asthma; however, this hypothesis needs to be further
investigated.®

Many risk factors related to poverty and urban environment adversely impact
asthma severity in inner-city children. These risk factors include increase in certain
allergens (mouse and cockroach) sensitization/exposure, environmental tobacco
smoke (ETS) exposure, vitamin D insufficiency/deficiency, stress, and obesity. Out
of these risk factors, allergen and ETS exposure are noted to be the most important
risk factors of severe asthma in the inner-city population.’

In the last 15 years, the National Institutes of Allergy and Infectious Diseases (NIAID)
funded major research networks to improve asthma care for inner-city children. Three
important inner-city asthma networks are the National Cooperative Inner-City Asthma
Study (NCICAS), the Inner City Asthma Study (ICAS), and the Inner City Asthma Con-
sortium (ICAC).° The results from the NCICAS confirmed that lack of access to health
care, poor adherence to asthma medications, childhood behavioral problems, and
allergen sensitization are important risk factors contributing to increased asthma
morbidity in inner-city children.®®

The next section will describe the effects of the individual risk factors on inner-city
asthma in detail.

RISK FACTORS FOR INNER-CITY ASTHMA
Allergen Exposure and Sensitization

Exposure to household pests such as cockroach and mice is much higher in inner-city
areas, which contributes to poor asthma control. Cockroach (36.8%), house dust mite
(34.9%), and cat dander (22.7%) are the main allergens implicated in sensitization for
children with inner-city asthma.® Mold is also a factor in poor asthma control. Expo-
sure to these allergens must be curtailed in order to achieve asthma control.

Cockroach

Inner-city areas have high rates of cockroach infestation.'%='? Sensitization and expo-
sure to cockroach can contribute to increased asthma morbidity including ED visits
and hospitalizations.® Home interventions to reduce exposure to cockroaches,
including extermination, resulted in a significant decrease in asthma morbidity.''#

Mold

Mold exposure has been associated with increased asthma morbidity and mortality,®
particularly Alternaria, which has been associated with increased asthma hospitaliza-
tions.® Houses with increased dampness and cat and cockroach infestation have
high mold levels."” Inner-city schools have high levels of Aspergillus, Cladosporium,
and Penicillium molds,'® which can contribute to increased symptoms. Reduction in
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mold exposure significantly decreased asthma symptoms as well as exacerbations in
inner-city children.'®

Dust Mites

Inner-city homes have high levels of dust mite allergens, particularly in the bed-
rooms.?°2 While there is no clear association between dust mite exposure and
asthma morbidity, some studies have shown that dust mite sensitization is associated
with frequent symptoms and increased use of rescue medications.® 62324
Reduction of house dust mite allergen levels has been shown to have a beneficial
effect on asthma control and improved morbidity, specifically, patients experienced
fewer hospitalizations and office visits for asthma and fewer days with symptoms.™*

Mouse

Inner-city homes, particularly in northeastern and midwestern US cities, have high
levels of mouse allergens, with highest levels in the kitchen.?®> Mouse and cockroach
infestation are often found to coexist.>® Mouse allergen exposure was associated with
wheezing during infancy?’ and wheezing and atopy later in childhood.?®2° Studies
conducted in Baltimore, Maryland, found that mouse allergen exposure was more
closely associated with asthma morbidity compared with other indoor allergens.*%-"

Inner-city schools have also been shown to have high levels of mouse allergens,®?-33
which contributes to missed school days caused by asthma.*®

Reduction of mouse allergen levels in ICAS resulted in less sleep disruption, care-
taker burden, and missed school but did not reduce asthma symptoms or medical
utilization.3

Cat and Dog

High levels of pet allergens are present in homes with a cat or dog.*® Studies have
shown variable results regarding the effect of pet allergens on development of asthma
or atopic disease. Some studies showed that cat and dog exposure may prevent
development of asthma®® and allergen sensitization.®”*® Other studies concluded
that pet exposure led to higher rates of dog sensitization®® and development of
asthma and eczema.“® Exposure to high levels of cat allergens in homes of sensitized
children resulted in higher asthma severity,*' frequent wheezing and rescue medica-
tion use,*? asthma exacerbation,*® and hospitalization.** On the other hand, NCICAS
did not show any association between cat allergen exposure and asthma morbidity.°

Environmental intervention in a study reduced both cat and dog allergens; however,
there was no significant decrease in medication use, asthma symptoms, or exacerba-
tion.* In the ICAS, the environmental interventions significantly decreased cat
allergen levels but not dog allergen.’ The authors did not notice any significant asso-
ciation between cat allergen reduction and asthma morbidity."*

Infections

Certain infections are noted to be important triggers of asthma. These particular infec-
tious agents include rhinovirus and endotoxin, and their effects on asthma have been
studied extensively.

Children younger than 5 years old with rhinovirus-induced acute respiratory illness
are more likely to be diagnosed with asthma compared to respiratory illnesses from
other viruses.*® Rhinovirus is also a well-known trigger for asthma exacerbation.
Also, rhinovirus infection in early childhood can increase the risk of asthma develop-
ment.*” The results from the Childhood Origins of Asthma (COAST) study*” showed
that rhinovirus infection was related to wheezing during the first 3 years of life and

969



970

Seth et al

the loss of pulmonary function in early school years. This relation was not seen in chil-
dren who had respiratory syncytial virus (RSV) induced wheezing.

Airborne endotoxin exposure is another risk factor of wheezing and asthma.'0:48:4°
Endotoxin is part of the outer membrane lipopolysaccharide of gram-negative bacte-
ria. Exposure to moisture sources and organic waste, commonly seen in inner-city
areas, is associated with endotoxin exposure.*® Inner-city schools have been shown
to have high endotoxin concentrations,*® more so than the inner-city homes. Exposure
to high levels of airborne endotoxin at school is associated with increased asthma
symptoms in nonatopic asthmatic children.*°

Seasonal Variations

Inner-city children with asthma typically have more frequent asthma exacerbations
during the fall-winter months rather than the summer months.®" This seasonal varia-
tion in asthma exacerbation appears to be related to an allergen-induced immuno-
globulin E (IgE)-mediated mechanism. In the Inner City Anti-IgE therapy for Asthma
(ICATA) study, asthma exacerbations in inner-city children and young adults during
the fall season were almost fully suppressed by the use of anti-IgE monoclonal anti-
body (omalizumab) therapy in addition to conventional asthma treatment.>? Similar
findings were reported in the Preventative Omalizumab or Step-up therapy for Fall
Exacerbations (PROSE) study, where significant reduction in fall asthma exacerba-
tions were achieved after omalizumab therapy 4 to 6 weeks prior to the return to
school.®®

Pollution

Air pollution leads to an increase in asthma symptoms and decreased lung function
and potentially contributes to asthma development.>*°° Inner-city areas are known
to be affected by sources of air pollution, particularly traffic and power generation.>*
Nitrogen dioxide, particulate matter, ozone, sulfur dioxide, carbon monoxide, and
lead are common outdoor pollutants.®® Indoor air pollution, in the forms of particulate
matter, nitrogen dioxide, and ozone, can be further created by the penetration of out-
door pollutants to indoor environment.>”

Activities like smoking, cooking, and cleaning, and heating/cooling systems can
produce indoor air pollutants.>”-°® As previously mentioned, ETS exposure has
been noted to be the single most important risk factors of severe asthma in the
inner-city population.”®°” Besides its adverse effects on asthma, ETS is also a
well-known cause of asthma development®®¢0 and a trigger of asthma exacerba-
tion.®" Prenatal and postnatal passive ETS exposure can increase the risk of
wheezing and asthma by 20%.°° The risk of asthma at the age of 7 correlates
with prenatal ETS exposure.®® Furthermore, asthmatic children exposed to ETS
have more asthma symptoms and ED visits and are twice as likely to be admitted
to the hospital.®"

Thirdhand smoke is residual tobacco-related gases and chemicals that are present
on indoor surfaces, including carpets, furniture, blankets, or toys, from which they are
released into the air after the secondhand smoke is released in the air.6? Although the
asthma risks of thirdhand smoke exposure are less well described, evidence has
shown that it is likely to adversely affect asthma symptoms as well as the secondhand
smoke exposure.®?

Poor indoor air quality in inner-city homes may also be related to poor ventila-
tion.%®%3 In a study by Hansel and colleagues,®* use of a gas stove, stove/oven,
and space heater caused an increase in indoor nitrogen dioxide levels, which contrib-
uted to increased asthma symptoms.
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Nonadherence to Medication

Medication adherence, proper inhaler technique, and avoidance of triggers
have been identified as key factors for asthma control. A study was conducted
to identify the risk factors for poor medication adherence and thus asthma
morbidity in inner-city children. These included concerns about medication
adverse effects, multiple caregivers, trouble with obtaining appointments, nonavai-
lablity of medication in the house when needed, and child refusing to take
medication.®®

The Asthma Control Evaluation (ACE) study further emphasized the importance of
medication adherence in control of asthma.®® The study showed that in inner-city chil-
dren, guideline-based asthma care and strict medication adherence can help to
achieve asthma control.

A study in Detroit showed that the most severe asthmatics were more likely to miss
medications due to running out even when refills are available. The majority of asth-
matic children who were hospitalized reported lack of medical supplies and prescrip-
tion medications in the home.®”

Family—physician partnership geared at communication, trust, and respect has
helped to increase medication adherence in these families.®®

Stress, Psychological Issues, and Depression

Poor asthma control in inner-city children is associated with caregiver stress. Multiple
studies have shown that maternal depression and stress in the initial 3 years of life in-
crease risk of recurrent wheezing at 3 years and asthma at age 7 in children.6%:69:70
Wing and colleagues’’ conducted a study and found domestic violence to be associ-
ated with lifetime asthma in inner-city children.

Vitamin D Deficiency

Vitamin D deficiency has been speculated to play a role in the development of
asthma.”?"® Prenatal vitamin D supplementation may be protective against recurrent
wheezing early in the infant’s life.”* Liu and colleagues,” however, did not find any sig-
nificant effect of vitamin D on asthma severity in inner-city children.

Obesity

Obesity has been associated with increased asthma symptoms and exacerbations
irrespective of allergic sensitization.”>~"” Lung function and asthma control improved
in obese children after weight loss.”® Liu and colleagues,” however, did not notice any
significant effect of obesity on asthma severity.

Immune Dysregulation

Immune system dysregulation can increase risk of allergic sensitization and
asthma. This can occur prenatally, at birth, or during infancy.””® Under ICAC
(2002), the Urban Environment and Childhood Asthma (URECA, 2004) study was
initiated with the aim of determining immunologic causes of asthma in inner-city
children.?® As part of URECA, a birth cohort of inner-city newborns at risk for
asthma has been followed to identify prenatal exposures and maternal factors
that can affect development of newborn immune system and cytokine re-
sponses.®783 Results from the study so far have identified certain environmental
factors such as ethnicity, birth weight/gestational age, season of birth, and
maternal asthma/use of inhaled corticosteroids that can affect newborn immune
responses.”®
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Epigenetics

Various genes have been identified as affecting asthma.®* Epigenetics is a science
that aims to study the effect of environmental exposures in causing functional changes
such as methylation of selective genes that are relevant to asthma, particularly for
inner-city children. Nasal epithelia in inner-city children with persistent asthma has
been shown to have differential methylation patterns (DMRs).8° There were significant
differences in methylation between asthmatic children and nonasthmatic controls. Of
these, 48 DMRs were associated with tobacco smoke.®®

INTERVENTIONS FOR INNER-CITY ASTHMA
Family-Based Interventions

As multiple risk factors contribute to high asthma morbidity in the inner-city popula-
tion, asthma management and interventions for this high-risk group are frequently
challenging.® As mentioned previously, factors associated with poverty including
socioeconomic hardship and lack of knowledge or participation in the health care sys-
tem contribute to high asthma morbidity in inner-city children. The major NIAID-funded
network, NCICAS, focused on family-based interventions. The results from the
NCICAS identified that family-based interventions including partnering the family
with asthma-trained social workers can reduce asthma-related morbidity by helping
families access better medical care.'® Furthermore, the results from ACE study (part
of the ICAC) also revealed that inner-city asthma children can achieve good asthma
control with optimal medication adherence to proper asthma treatment.®®

Anti-immunoglobulin E Monoclonal Antibody Therapy

As previously discussed, allergen sensitization/exposure is a major risk factor of inner-
city asthma that leads to asthma exacerbations despite the use of aggressive inhaled
corticosteroid treatment. This fact has been confirmed by both the ICATA®2 and
PROSE®® studies. In both studies, anti-IgE monoclonal antibody (omalizumab) can
significantly reduce asthma exacerbations and reduce the dose of inhaled corticoste-
roid therapy compared with placebo. Omalizumab is able to reduce fall and spring
asthma exacerbations, with maximal benefit seen in those who had recent asthma
exacerbations.>?

Other than reducing seasonal asthma exacerbations, omalizumab appears to be
able to alter the immune response to rhinovirus also.2%¢” Children who received oma-
lizumab demonstrated increased interferon alpha (IFN-a) against rhinovirus.®” The re-
sults from PROSE study revealed that omalizumab can decrease frequency and
duration of rhinovirus infection and also reduce peak rhinovirus shedding.2®

Immunotherapy

As allergen sensitization and exposure play important roles in inner-city asthma
morbidity, allergen immunotherapy (IT) potentially can be beneficial to inner-city
asthma patients.® It is known that IT is a disease-modifying therapy with sustained
benefits, unlike other pharmacologic treatments for asthma.®® As mentioned concern-
ing the risk factors of inner-city asthma, cockroach allergy and exposure are associ-
ated with higher asthma morbidity in inner-city children. The ICAC study evaluated the
clinical effects of cockroach IT along with biomarkers, such as cockroach IgE or cock-
roach IgG4 levels, which link to clinical outcome of the IT in inner-city patients with
asthma.®®

The important findings from the ICAC study regarding cockroach IT are that signif-
icant but inconsistent changes in serum-specific cockroach IgE levels were identified
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after German cockroach sublingual immunotherapy (SLIT). In contrast, use of cock-
roach subcutaneous immunotherapy (SCIT) resulted in significant and substantial
immunologic changes in the treatment group. These results conclude that SCIT might
be a better option for cockroach IT in inner-city patients with asthma.®®

Environmental Interventions

Population-level environmental interventions such as prohibiting smoking in public
places, vehicle emission regulations, and replacing indoor gas heaters in schools
with alternative heating sources have been shown to be beneficial for inner-city chil-
dren with asthma.®

Elimination of indoor allergens and improving home conditions have also shown
to improve asthma outcome in inner-city population.’°° In the ICAS, comprehen-
sive environmental control by eliminating home allergens and ETS exposure
demonstrated enduring decrease in asthma symptoms and unscheduled asthma
visits up to 12 months after cessation of the active intervention.'* This result em-
phasizes that environmental allergens and ETS are important factors of asthma
control in inner-city children. Improving home conditions, such as home winteriza-
tion, can decrease mold and moisture exposure and also lead to improved asthma
control.*°

School-Based Interventions

The importance of school-based asthma programs in inner-city asthma care cannot
be underestimated, especially in places where transportation to clinics is limited.
School-based Asthma Management Program (SAMPRO)®" contributes asthma edu-
cation for children, families, clinicians, and school nurses. This program allows multi-
directional communications between children and their families, health care providers,
and schools. The aim of the program is to encourage better asthma care for children
within the school environment by supplying asthma action plans and asthma emer-
gency plans to the school staff.

Other school-based intervention such as Asthma Self-Management for Adolescents
(ASMA) provides asthma education for Hispanic and African American adolescents
with moderate persistent asthma during the school day. ASMA-enrolled students re-
ported fewer daytime and nighttime asthma symptoms and reduced asthma morbidity
and UC usage.®?

Technology-Based Interventions

Technology-based interventions (text messaging, computer/Web-based, and interac-
tive voice response) are being used to support inner-city asthma care. Of these, only
computer/Web-based programs have been successful in reducing asthma symptoms
in inner-city children with asthma. Puff City is a Web-based asthma management pro-
gram designed to improve asthma control in inner-city adolescent with asthma in
Detroit, Michigan. Teenagers enrolled in the program experienced fewer ED visits
from asthma.®®

SUMMARY

Inner-city asthma is a complex medical problem with multiple risk factors contrib-
uting to high morbidity and mortality. Of these risk factors, allergen sensitization/
exposure, ETS exposure, and pollutants are considered to have the most impact
on inner-city children with asthma. Other distinctive risk factors of inner-city asth-
matics involve poverty and socioeconomic hardship. These factors include poor
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housing quality, inability to access proper health care, and poor adherence to med-
ications and complicate care for inner-city children with asthma.

Several interventions have shown positive outcome for inner-city children with
asthma; however, many of these interventions may not be easily available in real prac-
tice settings. These interventions include comprehensive control of home allergens
and ETS exposure, the use of anti-IgE monoclonal antibody to prevent seasonal
asthma exacerbations, school-based asthma programs, and technology-based initia-
tives. Future sustainable and expandable interventions in real clinical practice settings
are the next targets for inner-city physicians treating children with asthma.
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