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Chapter 7
Asthma Health Disparities

Andrea A. Pappalardo and Molly A. Martin

Jayden

Jayden, a 17-year-old African American male living on the south side of Chicago,
presented to the emergency room intubated and in septic shock. The last time he
accessed the healthcare system was as an outpatient to a primary care physician at
the age of 15. His chart indicated nonadherence to inhaled corticosteroids through-
out his childhood, six hospitalizations, and no asthma subspecialist consultation.
Spirometry from several years ago revealed severe obstruction that was fixed (unre-
sponsive to albuterol). He had been intubated twice for asthma, at age 9 (when he
had influenza) and age 13. He dropped out of high school this year because he
missed too many school days. He started smoking cigarettes at 12 years of age and
was smoking one pack per day at the time of admission. His nasal swab tested posi-
tive for influenza A. His mother revealed that he did not get the influenza vaccine
because she had heard that the influenza vaccine makes you sick. He had been using
his brother’s albuterol over the last week, but Jayden’s mother thinks the pump is
empty now. Upon arrival, Jayden was immediately transferred to the pediatric inten-
sive care unit. Unfortunately, he could not maintain oxygenation despite mechanical
ventilation. He was placed on an oscillator, and the intensivists were preparing for
extracorporeal membrane oxygenation when he coded and died.
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Introduction

Asthma is a common disease of varying severity. When left untreated or inade-
quately treated, asthma can be fatal. Asthma deaths, in many cases, are considered
preventable. In this case presentation, a child on the verge of adulthood died of a
communicable disease called influenza that in the setting of asthma has increased
risk of secondary bacterial infections and adverse outcomes [1-3]. Jayden’s death
was preventable. Health disparities contributed to his poor asthma management,
lack of medicine, refusal of the influenza vaccine, tobacco addiction, and late pre-
sentation for emergency care. This chapter will discuss how asthma health dispari-
ties relate to asthma prevalence, risk, outcomes, and management. Ways to mitigate
these disparities will also be described, using Chicago as an example.

Existing Health Disparities in Asthma

Asthma is common in both adults and children, and its prevalence, morbidity, and
mortality are not experienced equally in the United States. For decades, these
asthma health disparities have been known and yet they continue. We will now
review the current epidemiologic evidence of asthma health disparities.

Prevalence

Asthma prevalence for both children and adults increased steadily from 1980 to
1996 and then plateaued [4, 5]. The results of the National Health Interview
Survey (NHIS) completed in 2016 through the Centers for Disease Control (CDC)
reported an overall prevalence of current asthma as 8.3% [6]. The highest preva-
lence age group was in young adolescents aged 12—14 years (11.2%) [6]. Asthma
was overall more common in females (9.7%) compared to males (6.9%), but in
school-aged children, boys had more current asthma (9.2%) than girls (7.4%) [6].
Disparities in prevalence by race/ethnicity documented in the 1980s in both adults
and children remain today [4, 6]. The highest prevalence of current asthma in
2016 by race was in non-Hispanic black (15.7%) and Puerto Rican (14.3%) chil-
dren. Current asthma prevalence for non-Hispanic white children was 7.1% [6].
Asthma prevalence also varies by income level with an asthma prevalence of
11.8% in persons 100% below the poverty level, compared to 7.1% in those 450%
of the poverty level or higher [6].

Asthma disparities are even more dramatic in certain urban areas. Data from the
Medical Expenditure Panel Survey (MEPS) 2000-2014 database showed that low-
income urban children throughout the country had some of the highest rates of
asthma attacks and were less likely to use controller medicines. However, NHIS
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data from 2009 to 2011 suggested that non-Hispanic black race, Puerto Rican
ethnicity, and low-income status were more powerful predictors of asthma preva-
lence than urban status [7]. In a school-based survey conducted in Chicago, asthma
prevalence for children in non-Hispanic black neighborhoods was 19.9% com-
pared to 11.4% in non-Hispanic white neighborhoods and 12.1% in Hispanic
neighborhoods [8] (Fig. 7.1). While age, gender, family medical history of asthma,
and neighborhood socioeconomic status were associated with asthma prevalence,
they could not explain the differences seen between neighborhoods [8]. Race did
explain a large portion of the variation between neighborhoods [8]. A population-
based survey of asthma in Chicago reported that more than a third of Puerto Rican
children had likely asthma. Non-Hispanic black children followed closely behind
at 25% with likely asthma [9]. This is in comparison to 20% with likely asthma in
non-Hispanic white children [9]. Cities like New York and Miami share similar
statistics [10, 11].

Disparities also exist in rural areas where access issues are magnified, especially
in the setting of poverty [12]. Most published literature and interventions focus on
urban populations, leaving a gap in our understanding of asthma in rural popula-
tions. Although some studies report a lower prevalence of asthma in rural popula-
tion [13] (others have shown similar prevalence) [14], there are significant access to
care issues including location of clinics and potential problems related to quality of
care [14]. In Arkansas, Pesek et al. reported that rural children were more likely to
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Fig. 7.1 Child asthma prevalence and race/ethnicity in Chicago. (Gupta et al. J Allergy Clin
Immunol 2008)
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be labeled as having “chronic bronchitis” instead of asthma; this misdiagnosis has
implications for their asthma management and surveillance [14]. Rural populations
are more likely to have lower income and governmental insurance, compared to
urban populations [13] and a higher risk of death [15]. Probst et al. attributed rural
asthma disparities to these differences in income, education, and insurance coverage
[15]. Limited access to asthma care extends to the school setting, where children
spend a lot of time. School nurses in rural communities have been shown to have
less access to asthma educational resources and to provide less asthma education to
students [16, 17]. They also provide less asthma assessments and management, pro-
vide fewer referrals for asthma, and have reduced access to asthma specialists in
comparison to urban communities [16, 17].

Environmental exposures are different in rural and urban areas, likely contribut-
ing to some of the differences in asthma prevalence. Nonatopic asthma, which has a
different presentation and treatment approach than atopic asthma, may be more
common in rural areas when certain exposures are present [18]. The hygiene hypoth-
esis speculates a potential protective effect of farm and rural exposures related to the
development of atopic asthma [19]. Additionally, rural areas’ reliance on biomass
fuels constitutes another potential negative exposure; however, further studies need
to be done to better understand these exposures [20].

Outcomes Related to Disparities in Asthma

Asthma health disparities are not limited to prevalence; certain population groups
suffer worse asthma morbidity than others. This is demonstrated by differences in
hospitalizations, emergency department (ED) visits, health status, asthma severity,
and quality of life. National data demonstrated that ED use for non-Hispanic black
adults and children was over two times greater than for non-Hispanic white adults
and children; separating out for age did not modify these results [21]. These trends
apply to a lower likelihood of outpatient asthma management as well, even for those
with severe asthma [21]. Urban, minority children have been shown to have more
daily asthma symptoms, exacerbations, ED visits, hospitalizations, less asthma
action care plans, and less access to specialists [6, 22]. Inpatient asthma manage-
ment also varies by race/ethnicity. Chandra et al. showed that 37% of Hispanic chil-
dren compared to 60% of non-Hispanic white children and 63% of non-Hispanic
black children received an asthma action plan at discharge [23].

Morbidity

Data from the Centers for Disease Control’s 2015 Behavioral Risk Factor
Surveillance System (BRFSS) showed that adults with asthma were more likely to
self-describe their health status as fair to poor opposed to the other options of good,
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very good, or excellent [24]. Specifically, individuals with asthma described their
health as fair to poor 33.1% of the time compared to fair to poor health 15.9% of the
time in those without asthma [24]. For school-aged children with asthma in Chicago,
non-Hispanic white children had better quality of life and less severe asthma attacks
compared to non-Hispanic black and Hispanic children; this difference could not be
fully attributed to income differences [25]. In Chicago adults with asthma, Hispanic
adults described a lower quality of life, and non-Hispanic black and Hispanic adults
did worse compared to their non-Hispanic white counterparts in all outcomes related
to asthma [26]. While socioeconomic status and health literacy partially explained
these findings, nothing other than difference in race explained the higher hospital-
ization rates in non-Hispanic black adults [26].

Poorly controlled asthma can interfere with school attendance for children, affect
academic performance, and cause parents to miss work. The number of reported
missed school days among children with asthma from Centers for Disease Control
data varies annually, from 12.4 million in 2003 to 13.8 million in 2013 [27]. Since
the number of children with asthma has changed over time, another way to consider
school attendance is the actual percentage of children with asthma who reported one
or more asthma-related missed school days; these rates were 61.4% in 2003, 59.6%
in 2008, and 49% in 2013 (49.0%) [27]. The reported missed school days in each
year did not differ by age, sex, race or ethnicity, and poverty level [27]. However,
data from state insurers and other sources suggest there is a disparity in missed
school days for children with asthma and workdays for parents. For example, Lieu
et al. reported more missed school days for non-Hispanic black and Hispanic chil-
dren compared to non-Hispanic white children in their analysis of Medicaid-insured
children [28]. Another study showed that urban minority children missed more
school, experienced more asthma-related symptoms and healthcare utilization, and
caregivers missed more work when compared to non-Hispanic white peers [22].

Mortality

National data shows that non-Hispanic black individuals with asthma are 2.8
times more likely to die from asthma than non-Hispanic white individuals [29].
Urban areas make up a disproportionate number of these deaths. In 1985, Cook
County (Chicago area) and New York City accounted for 21.1% of all asthma
deaths for 5-34-year-olds with asthma in the United States [30, 31]. The rate of
asthma deaths decreased from 15 per million in 2001 (n = 4269) to 10 per million
(n =3518) in 2016 but this improvement is not experienced equally [32]. Non-
Hispanic black adults and children remain much more likely to die from asthma
[32]. The death rate for non-Hispanic black adults and children from 2016 was
22.3 per million compared to 8.2 per million in non-Hispanic whites [32]. Overall
mortality rates for those of Hispanic ethnicity appear lower than non-Hispanic
whites but when Hispanic subgroups are examined, Puerto Ricans have a higher
mortality rate [33, 34].
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Costs

If not swayed by the ethical dilemma surrounding disparate asthma outcomes, soci-
ety must at least acknowledge the financial costs of asthma health disparities.
Medical costs for asthma from 2008 to 2013 totaled $50.3 billion/year, with the
average cost per person with asthma estimated to be $3266 per year [35]. The medi-
cal costs for those living under the poverty line were higher, at $3581 per person
annually. Asthma-related mortality (which is largely preventable) cost another $29
billion/year [35]. Missing school and work also has a cost, reported as $3 billion/
year [35]. These estimates do not include the long-term consequences of missed
school such as future potential earnings.

Reasons for Asthma Health Disparities

Models for Examining the Etiology of Health Disparities

Before effective treatments can be developed and delivered, we need to understand
two main things about asthma: (1) Why do some people develop asthma? and (2)
What contributes to asthma morbidity and mortality? When considering health dis-
parities, these questions become modified: Why are some population groups dif-
ferentially affected in the development of asthma? Why do some population groups
suffer worse asthma outcomes than others? Is it genetic? Environmental? Or a mix-
ture of both, such as epigenetics?

We can begin to understand these questions by looking at asthma health dispari-
ties from the lens of the socioeconomic model (Fig. 7.2). At the individual level,
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Fig. 7.2 Asthma Disparities Applied to the Socioecological Model
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factors such as genetics, comorbidities, and asthma management behaviors drive
development of asthma and its outcomes. Household exposures and family dynam-
ics contribute. At the organizational level, families receive varying degrees of
guidelines-based asthma care depending on their healthcare access and quality.
Community settings bring challenges of environmental exposures, violence, school
factors, and issues such as collective efficacy. Finally, policy influences air quality
and access to healthcare resources and medications.

Even though many of the causes and influences of asthma fall outside the indi-
vidual domain, children experiencing asthma health disparities bear a dispropor-
tionate burden. Children live in homes, under the care and influence of families.
Modifiable factors such as beliefs, behaviors, and psychological stress come to
play in homes. Homes are located in communities that may be prone to environ-
mental factors like outdoor allergens, pollutions, and neighborhood stress.
Children then interact with the healthcare system and providers, where operations
and practices may not always be supportive of best care for the children. Finally,
children also spend a huge portion of their time in schools which have a whole
other set of modifiable and environmental factors. These different settings all
impact the child and each other, but they do not communicate with each other
except through the child/caregiver. For some families with low resources or skills,
this burden is intolerable; they cannot bridge the settings (Fig. 7.3) [36, 37].
Primary care providers do not always know about ED visits. Parents sometimes
do not get or give medicines.
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Fig. 7.3 The current burden of asthma on children and families. (Martin MA, et al. J Allergy Clin
Immunol 2016)



152 A. A. Pappalardo and M. A. Martin

Next, we will summarize some of the primary evidence of contributing factors to
asthma. This is not an exhaustive review. These factors can have influences on the
individual with asthma, as well as effects on offspring, household members, and
communities.

Genetics and Epigenetics

Genetics are a known contributor to the development of asthma and also influence
early respiratory infection severity which may contribute to future asthma persis-
tence [38—40]. Overall, there are several distinct possible genetic predispositions to
asthma that are hypothesized or correlated with the future development of asthma
[39, 41-52], some specific to Hispanic populations [53]. No ethnic-specific asthma
susceptibility gene has yet been defined in Hispanic subgroups [33, 54-57], mak-
ing the genetic link likely more complex. There have been differences in single
nucleotide polymorphisms that differentiate certain individuals with asthma to be
more or less steroid responsive [58]. Some variants in the 17q21 locus seem to
have the greatest effect on the pathogenesis of asthma in Puerto Ricans, but this
still needs to be further validated [39, 55]. A review of genetic variants on the
asthma susceptibility 1721 locus showed possible, but inconsistent, connections
to genetic polymorphisms seen in non-Hispanic black individuals [59]. Genetic
variants in the Native American population are similar to the overall population in
terms of common genetic variants associated with an increased risk of asthma [60].
In a severe asthma cohort, biologic factors seemed to be related to asthma severity,
but the nature of these factors was not entirely clear [61].

Not everyone with a genetic predisposition for asthma develops asthma, and
some have more severe or less severe asthma for reasons we do not understand. This
suggests that external factors might alter asthma expression. The best evidence of
this to date are the impact of stress and trauma on DNA methylation and ability to
respond to steroids [62, 63]. DNA methylation is the change of genetic expression
based on exposure to various factors [63, 64]. Even in children with an identical
twin with exactly the same DNA, the gene expression can be different based on the
DNA methylation patterns [64]. In asthma, one example of this is the demonstrated
links between genetic expression changes and airway epithelial cells [65-72], lead-
ing to airway cells that are more vulnerable to stress and skew toward a pro-
inflammatory cytokine and expression milieu [73—78]. Environmental factors have
been implicated in DNA methylation patterns in asthma [63, 79]. In a mouse model,
these DNA methylation changes to gene expression can also be inherited to off-
spring [80].

Chronic stressors modulate lung development, airway epithelium, neuroendo-
crine and autonomic nervous system responses, and the immune system [81-87].
Stress can change the response to the adrenal axis and potentially create enhanced
airway hyperactivity and obstruction to triggers [58, 88]. Even prenatally, cord
blood mononuclear cells have been shown to produce a skewed Th2 cytokine milieu
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with increased IL13 production after dust mite stimulation [88, 89]. Prenatal psy-
chosocial stressors in parents in two birth cohorts found an association with future
diagnosis of childhood asthma [90, 91]. Postnatal stress induces both a pro-
inflammatory Th1 response and Th2 via increased total IgE at 2 years of age [92,
93]. Stress has been shown to decrease expression of steroid-responsiveness genes,
which may contribute toward reduced inhaled corticosteroid and/or oral glucocorti-
coid effectiveness in treatment of asthma [94, 95]. Additional stressors to the body
including particulate matter have also been shown to change expression and lead to
pro-inflammation markers increasing regardless of asthma status [96].

Minorities in the USA and those living in poverty are exposed to more stressors,
which affect health negatively [97]. These stressors have been linked to both asthma
development and worse asthma morbidity [86]. This has been shown in the setting
of survivors of physical and sexual abuse in both minority women and children [98,
99]. Exposure to violence in the urban, minority community also affects wheeze in
children [91, 100]. The everyday stressors that minority families living in poverty
have to deal with can affect asthma control in children [101]. There is some evi-
dence to believe that stressors may be modulated depending on coping mechanisms
and resilience that an individual with asthma may have [102], further complicating
this relationship between stress and asthma, but also offering a glimmer of hope in
perhaps finding a target for potential intervention.

Comorbidities
Allergic Diseases

Allergic disease is a significant and common comorbidity in the setting of asthma.
Allergies are often thought to be the precursor to asthma in the theory of the atopic
march [103-114]. There are significant health disparities seen in other allergic dis-
eases which can directly influence asthma. We will not expand on these in this
chapter, as they will be extensively covered in other chapters in this book.

Obesity

Health disparities related to obesity exist, with more non-Hispanic black children
being obese than non-Hispanic white children; these disparities are independent of
asthma risk [115]. Obesity is a risk factor for asthma. Asthma prevalence is higher
in overweight and obese children and adults, and epidemiologic data suggest that
obesity precedes asthma development [116-124]. The mechanisms proposed to
explain this association include reduced lung volume and tidal volume with obesity,
low-grade systemic inflammation from obesity, obesity-related changes in adipose-
derived hormones such as leptin and adiponectin, common genetics, common in
utero conditions, common predisposing dietary factors, and comorbidities of obe-
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sity such as dyslipidemia, gastroesophageal reflux, sleep-disordered breathing, type
2 diabetes, and hypertension [121, 122]. Obesity also seems to contribute to greater
asthma morbidity. A multicenter study by Belamarich et al. reported that inner-city
children with asthma who were obese used more medicine, wheezed more, and had
more unscheduled emergency department visits than children with asthma who
were not obese [116]. Being overweight has been associated with more severe
asthma in a cohort of inner-city non-Hispanic black and Hispanic children in
New York [125]. Obese children with asthma exacerbations in an intensive care unit
had longer hospital stays and required more medications than nonobese chil-
dren [126].

Mental Health

Stress and mental health issues are worse in populations where health disparities
exist. Depression and anxiety symptoms predict worse asthma outcomes, including
increased functional impairment, severity of asthma, rescue medication use, and
frequency of emotional triggers [127-133]. Mothers of children with asthma have
been reported to have higher rates of depression and anxiety, and caregiver depres-
sion has been repeatedly associated with worse asthma severity [133—141]. A large
cross-sectional analysis of the National Health and Nutrition Examination Survey
(NHANES) demonstrated that adults with asthma who also have depression are two
times more likely to have poor asthma outcomes for several indicators [142]. These
findings have been shown in other studies as well [143, 144]. Non-Hispanic black
women are at greater risk than other groups; this may be linked to the experience of
racism [145]. Stress and depression distort perceptions of access and can serve as a
barrier to seeking care, especially in urban, low-income communities [146, 147].

Behaviors

Non-Hispanic white populations have been shown to use inhaled corticosteroids,
which are proven to help control asthma in most individuals, more frequently than
other groups [148-153]. Despite the efficacy of inhaled corticosteroids, there is a
low adherence to inhaled corticosteroids in all age and race/ethnic minority groups
with persistent asthma [154, 155]. This includes never starting the medication at all,
only filling the first month of the inhaler, or using the inhaler sub-optimally [154—
161]. Studies show that minority groups are less likely to take offered daily control-
ler inhalers prescribed to control asthma across all age groups [28, 136, 162-167].
When reviewing interventions to improve adherence in minority populations, many
approaches have not been associated with improvements in study participants [168].
This is compounded by the episodic nature of asthma symptoms, perpetuating the
beliefs that many have that asthma disappears and there is no need to take medica-
tion in periods of wellness [169].
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Multiple factors likely contribute to worse adherence to controller medications in
disadvantaged, minority populations; however, a primary marker seems to be race/
ethnic minority status coupled with low socioeconomic status [162, 163]. Fear of
inhaled steroid medications as well as beliefs such as inevitable dependence on the
medications contribute to low adherence to inhaled controller medications in asthma
[157, 170, 171]. These beliefs have been documented in both non-Hispanic black and
Hispanic populations [167, 172—174]. Depression in caregivers and in patients with
asthma of all ages can affect adherence to controller medications [136, 175-177].

Perceived discrimination has been linked with worse asthma outcomes. In the
United States, our prior history of misconduct in research fuels this legitimate con-
cern in minority populations [178]. In an analysis that combined two large datasets
of predominantly minority youth, perceived discrimination was found to increase
the likelihood of having poor asthma control in non-Hispanic black youth [179].
Race and discrimination can affect healthcare outcomes through conscious or
unconscious bias, and through social or environmental stressors which can affect
chronic disease outcomes, such as asthma [180]. Racial discrimination has been
linked to a significant change in bronchodilator response in non-Hispanic black and
Hispanic children with asthma which correlated with higher TNF-alpha, a pro-
inflammatory cytokine [181].

Tobacco exposure is a risk factor for the development of asthma both in utero and
postnatally [182—184], and worse asthma-related health outcomes [185]. The
National Heart, Lung, and Blood Institute Expert Panel Report 3 guidelines cite
B-level evidence for avoidance in pregnant women and in household contacts of
children with asthma [186—189], and a grade A recommendation is made by the US
Preventative Task Force [190]. The effects of smoking tobacco for adults and youth
are well known, leading to worsened asthma, lung cancer, chronic obstructive pul-
monary disease (COPD), and heart disease, among other factors [187, 190-195].
Tobacco use is not equal. Overall tobacco smoking rates are highest nationally for
Puerto Ricans (28.5%), followed by non-Hispanic white adults (24.9%) [196]. The
Centers for Disease Control published slightly lower rates by ethnicity: non-His-
panic white (15.2%), non-Hispanic black (14.9%), Native American (24.0%), and
Hispanic (9.9%, without division of Latino subgroups). The CDC classifies a preva-
lence of 20.6% for “multi-race.” [197]

Exposure to secondhand smoke in the United States has been declining from
1988 to 2014, from 87.5% to 25.2% [198]. Secondhand smoke exposure is likely
higher than what is self-reported. A review of the National Health and Nutrition
Examination Survey (NHANES) data from 1999 to 2010 reported 6% exposure to
tobacco in the home and 14% in the workplace; however, serum cotinine was
detected in 40% of these individuals [199]. Those in lower socioeconomic brackets
were found to be more likely to have secondhand smoke exposure [199]. Despite
these reductions, non-Hispanic black and Hispanic children are disproportionately
exposed to secondhand tobacco smoke compared to non-Hispanic white children
[200-203]. Recent data links nicotine aerosols that may be delivered in an alternate
device distinct from classic cigarettes with worsened asthma morbidity, so recent
trends of these devices also carry significant risk to children [204].
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These data indicate that secondhand smoke — despite decreasing smoking preva-
lence in the population — is common in both adults and children and more common
in the same populations that have the worst asthma outcomes.

Influenza vaccination is important for adults and children with asthma. The
Centers for Disease Control report that 46.7% of adults over the age of 18 with
asthma are vaccinated compared to 39% of adults without asthma [205]. In children,
these rates are higher with 63.7% of children with asthma receiving an influenza
vaccination [205]. In adults, influenza vaccine rates are significantly different
between non-Hispanic black and white adults [206].

Environmental Exposures

Environmental exposures and their control are essential to asthma care [187]. Some
hypothesize that a key distinction in health disparities in asthma can be explained in
large part by disproportionate amount of environmental exposures that minorities
and those with low socioeconomic statuses are exposed to [207], many of which are
unavoidable. In this section, we will describe modifiable and nonmodifiable expo-
sures which are disproportionately affecting minorities in the United States.

Allergens

Allergen exposure can affect everyone who has atopic or allergic asthma, and avoid-
ance or mitigation of triggers is a key part of guideline-based asthma care [187].
There is a relationship between exposure of allergens and sensitization to the aller-
gens in children living in the inner-city [208], especially when allergens are present
in the bedroom at home. The Childhood Asthma Management Program verified this
for both cockroach and dust mite allergen [209]. Indoor allergen sensitization, espe-
cially cockroach, has been shown to be higher in non-Hispanic black and Mexican
American children compared to non-Hispanic white children [209-211]. Further,
those with the highest-risk asthma in a predominantly African American inner-city
cohort were found to be more sensitized to mouse allergen as well as overuse of
albuterol [212]. Other indoor allergens have also been associated with asthma in
minority populations [213]. Pest and indoor allergen reduction strategies may be
helpful in these cases [214], depending on the approach and the control the indi-
viduals have over the home environment. Studies have attributed much of the
unavoidable indoor allergen exposure, such as cockroach, to dilapidated housing
infrastructure [215, 216]. Some have proposed that interventions would need to be
community-wide in order to make a meaningful impact on allergen exposure in
asthma [217]. This phenomenon is best understood in children; the relationships
between allergen exposure and health disparities are less studied in adults [218, 219].

Allergen exposure is not limited to homes. In the School Inner-City Asthma
Study, exposure to mouse allergen in the school building was found to be associated
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with increased asthma symptom days and decreased Forced Expiratory Volume in
one second or FEV1 [220, 221]. What was particularly interesting is that this effect
was seen regardless of the allergen sensitization status, suggesting that those without
mouse sensitization and that also had asthma were also negatively affected by the
exposure [220]. A similar phenomenon is seen in high schools in regard to mouse and
cockroach [222]. Newer studies are also suggesting that fungal spore exposure is
another possible allergen in schools that can affect asthma morbidity [223, 224].

Allergen exposure and sensitization are important, as they relate to severity
of asthma and asthma morbidity [225]. Sensitization is associated with increased
risk of atopic diseases such as asthma, especially when skin tests demonstrate
sensitization to multiple allergens [226—228]. For example, the quantity of air-
borne mouse allergen levels in inner-city homes has been shown to be directly
correlated with asthma symptoms and worse asthma outcomes [229]. Mouse
allergen exposure has also been connected to asthma severity in minorities
[229-231]. Those children who were most atopic with asthma in the inner-city
were shown to require greater amounts of medications, severity scores, and
worse lung function [225]. In “difficult-to-control” asthma, asthma severity did
not improve and remained difficult to control in those inner-city groups who had
worse atopy and rhinitis scores [232]. These data demonstrate that allergen
exposures in the inner-city directly affect asthma and remain a significant public
health concern.

Air Quality and Pollution

Poor air quality and pollution influence asthma in many ways including the devel-
opment of asthma [213, 233-239]. In inner-city schools reviewed for air quality,
researchers found that fine particulate matter, nitric dioxide, carbon monoxide, and
physical dilapidation of school buildings contributed to poor air quality in many
inner-city schools [240, 241]. This was not an isolated incident — inner-city children
and minority children with asthma across the country are exposed to significant pol-
lution [242, 243]. Pollution increases asthma morbidity and mortality [244, 245], as
well as affects lung function [234, 246]. One study in the Bronx reported that chil-
dren with asthma exposed to higher pollution levels were 66% more likely to be
hospitalized for their asthma [247].

The poor air quality that minorities are exposed to, coupled with other environ-
mental exposures, can be directly linked to community housing infrastructure [248].
The National Institutes of Health recognized this threat and recently published a
workgroup report on suggested areas of further research to better measure, under-
stand, and intervene on quality concerns throughout the country, especially in the
most vulnerable populations [249]. The American Thoracic Society also urges col-
laboration with public health efforts to combat the concept of “respiratory health
equality” [250]. Segregation may play a role in how individuals react to pollution
exposures [251]. It is possible that how one responds to air pollution may be depen-
dent on psychosocial and genetic factors [243].
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Occupational hazards also lead to poor respiratory health by either worsening
asthma control or by contributing to the development of occupational asthma [252].
The risk of occupational hazard exposure is higher in minority populations [253,
254]. A recent review details significant work-related exposure experienced by adult
immigrants within the United States, and in some cases, their children that can lead
to adverse allergic and respiratory disease effects [255]. In Michigan, workers from
minority racial/ethnic backgrounds were overrepresented in lower-paid jobs with
greater occupational risks, with an increase in work-related asthma seen in non-
Hispanic black adults along with silicosis and pesticide injury in Hispanic adults
[256]. Increased efforts to protect minorities in the workplace are necessary to pro-
tect from exposures that can affect respiratory health and the overall health and
well-being [257].

Healthcare Access and Quality

Insurance-related barriers are significant in minority populations, especially those
individuals on public insurance [163, 258, 259]. Many clinics do not accept state
insurance plans. In one study that looked at multiple clinics’ willingness to schedule
patients with either state or private insurance, there was a 66% denial rate with state
insurance compared to 11% for private insurance [258]. Minority status was associ-
ated with absence of referrals and chronic disease diagnosis [258]. Improving access
and insurance coverage does improve healthcare disparities and should be more
aggressively targeted for intervention [260].

Access to care issues directly affects asthma control [261]. In the inner-city,
access to care is less and this disproportionately affects minorities. Non-Hispanic
black children with asthma use more emergency services, and less use of ambula-
tory and asthma specialty services than non-Hispanic white children [262]. This is
a missed opportunity for prevention. Inner-city minority children also lack asthma
care plans, are less likely to be referred to an asthma specialist, and are more likely
to utilize emergency services overall [22]. Looking at parental perspectives, these
barriers are so prominent that parents believe that seeking emergency services for
asthma is usual care [263].

Access to medications is affected by insurance status [264, 265]. The patient
costs related to prescriptions create a barrier [266, 267]. Inner-city children with
asthma are less likely to be prescribed the medications they require for their asthma
[268]. When research assistants looked into the medications available in the home
of Puerto Rican youth in Chicago with persistent asthma, 74.9% had a quick reliever
and 48.6% had a controller [269]. This means that one in four children was without
a potentially life-saving reliever medication available to them in their home. Further,
only 35.6% of children were able to properly identify >70% of steps in how to take
their inhaler [269]. There is a clear disconnect at every level in the treatment of
asthma, which emphasizes the need to target interventions to consider the many
facets of health disparities in asthma.
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Guideline-based asthma care [187] is often not routinely followed by practitio-
ners in the United States for multiple reasons; some studies suggest that this is
worse in minority populations [268, 270-273]. Despite difficulty in implementing
guidelines, their implementation works to improve asthma control and therefore
should be the standard of care for all. Care may also be influenced by the homoge-
neity of providers, racism, and implicit bias toward racial minorities [274-276].
Language barriers between providers and patients can also influence adherence to
medications and affect asthma management, especially in elderly Hispanic popula-
tions [277, 278]. Educating providers on guideline-based asthma care has been
shown to increase inhaled corticosteroid prescription rates, but not to address the
other barriers to adherence [279]. Coordinated efforts to improve access to care and
remove system-level barriers can improve systematic health disparities in asthma
and have the potential to improve health in minorities [280].

Lastly, adolescents as a group pose a slightly different challenge to asthma care.
Adolescents are less likely to seek healthcare, thus compromising access further
[281]. In asthma, there is significant stigma against the use of inhalers, which fur-
ther complicates this issue [282, 283]. Adherence in adolescents with asthma to
controllers is particularly low [283]. Minority teens are more likely to die and have
significant morbidity from asthma than other age groups [262]. Beliefs may affect
adherence to medications, access to care, and asthma perception [284]. Adolescent
perception of asthma symptoms may not be accurate or congruent with parent’s
perception [285]. Transition to adult care may also be an area that may be difficult
to gauge in adolescents with asthma, with some adolescents demonstrating readi-
ness more than others [286].

Potential Solutions to Asthma Disparities: Community-Driven
Intervention Development in Chicago

The multifactorial nature of asthma and asthma disparities require innovative solu-
tions that target problems at multiple levels and engage all stakeholders. Chicago
serves as an example of this type of approach. Termed “Asthma’s Ground Zero,”
Chicago is an example of how to leverage community organization and data to drive
research and policy initiatives aimed at improving asthma outcomes for all and
eliminating asthma disparities.

Defining Asthma in Chicago

Chicago’s asthma epidemic was highlighted early, through detailed analyses of
mortality data [30]. From 1980 to 2002, non-Hispanic black adults were nearly
eight times more likely to die from asthma than non-Hispanic white adults [287].
The Illinois Department of Public Health funded numerous surveillance initiatives
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to monitor asthma in EDs throughout Chicago and the State. Data from 2011 showed
that while 74% of adults in the EDs had moderate/severe asthma, only 46% were
taking an inhaled corticosteroid [288]. Thirty-nine percent used more than one can-
ister/month of albuterol and 27% had three or more ED visits in the past 12 months
[288]. Data for children were similar. Adults and children were not receiving opti-
mal guideline-based asthma care.

At the same time, several large research studies aimed to better characterize
asthma disparities. One study conducted from 2003 to 2005 followed 353 adults and
561 children with asthma recruited from 105 Chicago schools [289]. The diagnosed
asthma rate was 21.2% for non-Hispanic black children, compared to 9.7% for non-
Hispanic white and 11.8% for Hispanic children [290]. Non-Hispanic black chil-
dren were more than twice as likely and Hispanic children were 1.57 times more
likely than non-Hispanic children to have diagnosed asthma [290]. This persisted at
all school district income levels even when controlling for other household mem-
bers with asthma, type of school, age of the child, gender, and language preference
[290]. Non-Hispanic white children and adults had better asthma-specific quality of
life and fewer severe asthma exacerbations compared to non-Hispanic black and
Hispanic children and adults [25]. While non-Hispanic white children also had
fewer days with asthma symptoms, no ethnic differences in the frequency of asthma
symptoms were seen among adults [25]. Socioeconomic status was shown to medi-
ate race/ethnic disparities in asthma outcomes [291]. Asthma prevalence was also
associated with neighborhood race/ethnicity, demonstrating the importance of
neighborhood factors but raising questions about what neighborhood race/ethnicity
actually represents [8].

A separate study screened for asthma in six diverse Chicago neighborhoods
from 2002 to 2003. Data were gathered from 1699 adults and 811 children (ages
0-12 years). Rates of physician-diagnosed asthma for adults were 18-19% in
three of the neighborhoods, compared to 11% nationally [9]. These three neigh-
borhoods were low-income and primary non-Hispanic black and Puerto Rican
ethnicity. In two neighborhoods, almost half of adults with asthma reported poor
asthma control [9]. Rates were even higher for children. Twenty-one percent of
Puerto Rican children and 16% of non-Hispanic black children had physician-
diagnosed asthma [9]. When children with probable asthma (due to report of sig-
nificant asthma symptoms) were added, 33% of Puerto Rican children and 25% of
non-Hispanic black children had likely asthma [9]. Over half of children with
potential asthma had been to the ED in the past year with asthma-related symp-
toms. In three neighborhoods, 48—59% of children with diagnosed asthma lived
with a smoker [9, 292].

The Chicago Department of Public Health analyzed city-level data from 2011 on
asthma. The overall Chicago rate of asthma-related ED visits for children was 147
per 10,000 but the rate for non-Hispanic black children was double [293]. Asthma
prevalence was concentrated in certain zip codes, mainly on the west and south side
where the majority of residents are non-Hispanic black and Hispanic [293]. The
map of child asthma ED visits mirrors almost exactly the map of child “low oppor-
tunity index” [293]. Analysts calculated the low opportunity index using measures
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of relative opportunity that include access to daycare centers, parks, and schools
[294]. Nearly one in two children living in a low opportunity index was non-
Hispanic black or Hispanic, compared to 1 in 50 non-Hispanic white children [293].

Intervention Development and Testing

One of the main interventions developed to combat the asthma crisis in Chicago
involved asthma community health workers (CHWs). CHWs are frontline public
health workers who are trusted members of and/or have an unusually close under-
standing of the community served [295]. The Sinai Urban Health Institute (the
research arm of the Sinai Health System) began testing CHW asthma interventions
in 2001. They trained laypeople to deliver home and hospital-based asthma educa-
tion and support services for high-risk families. Their programs for both adults and
children showed a reduction in asthma ED visits and hospitalizations by 50-80%,
decreased symptom frequency, improved quality of life, and a cost saving of $3-8
for every dollar spent [296]. Other child-focused CHW studies using rigorous
designs determined that CHW programs need to be community-wide, not targeted
at just one population group [297]. Four home visits were not adequate to achieve
improved asthma control [297]. CHWs needed to be formally connected with clini-
cal partners, and mental health issues were impacting asthma control significantly
[297, 298].

School-based asthma management programs are also being developed to
address the high burden of asthma reported in schools. For over 100 years, the
Respiratory Health Association has been educating and advocating in the Chicago
area regarding asthma and other lung health issues. They created a program called
Fight Asthma Now®, which is an evidence-based curriculum delivered to youth in
schools [299]. The Respiratory Health Association also developed the Asthma
Management program for adults interacting with children with asthma. This is
delivered to parents, school staff, childcare providers, and park district staff.

Collaboration to Challenge Asthma

Chicago has a long history of health advocacy and collaboration. The epidemiologic
data from the 1990s were so concerning that leaders in asthma research and advo-
cacy founded the Chicago Asthma Consortium in 1996 to specifically address
asthma disparities [300]. In 2003, the Chicago Emergency Department Asthma
Collaborative began citywide quality improvement initiatives at 28 local hospitals.
This effort expanded statewide into the Illinois Emergency Department Asthma
Surveillance Project, monitoring 70 EDs throughout Illinois. Researchers at multi-
ple institutions coordinated asthma interventions to maximize the community and
scientific impacts [301]. But disparities persisted. In May of 2012, the Academic
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Chicago EMED Collaborative to Improve Public Health: Focus on Asthma was
convened in Chicago. Attendees represented academic, governmental, and social
service institutions from throughout the Chicago area. After reviewing data and
discussion, the Collaborative expressed interest in moving forward to seek addi-
tional funding. The Coordinated Healthcare Interventions for Childhood Asthma
Gaps in Outcomes (CHICAGO) Plan idea was formed.

With funding from a Patient-Centered Outcomes Research Institute (PCORI)
award, the CHICAGO Plan moved forward an initiative to develop and test inter-
ventions to improve asthma outcomes for high-risk children presenting to EDs. This
began in June of 2014 with a public stakeholder meeting on the emergency manage-
ment of asthma led by the Chicago Asthma Consortium. A formative assessment
was then conducted that involved focus groups, interviews, and observations with
families and healthcare providers and nurses in EDs, outpatient settings, and homes
[302]. In the EDs, patient education was found to be positioned at the weakest
moment and the discharge experience was often fragmented. In homes, families had
a lot of challenges getting and using medicines properly. They could not get or
attend follow-up appointments. Families did not have good ways to coordinate care
and share information within the families. Discharge information was stored out of
sight. Finally, caregivers had an incomplete understanding of asthma [302]. These
data led to the creation of a new ED discharge tool called the CHICAGO Action
Plan after ED discharge (CAPE) [303].

The CHICAGO Plan then conducted a three-arm randomized controlled trial. All
groups received routine ED care and basic inhaler instruction. Group 1 served as the
comparison arm. Group 2 also received the CAPE. Group 3 received the CAPE and
five home CHW visits [304]. Despite involvement of six clinical centers, recruit-
ment from the ED was difficult and retention at 6 months was 63%. Of the 373
children enrolled, no difference was seen in asthma outcomes at 6 months. However,
families in the arms receiving the CAPE were more likely to receive guideline-
based asthma care in the ED [305].

As this trial was being conducted in EDs, investigators and partners explored
opportunities to expand asthma care. The CHICAGO Plan II study was funded by
an award from the National Institutes of Health (U34HL130787). Led by a team of
five principal investigators from two health systems, Respiratory Health Association,
and the Chicago Asthma Consortium, the group set out to conduct a community-
based needs assessment for childhood asthma. Using a mixed-methods approach,
162 different stakeholders were engaged, 9 citywide project meetings were held,
and 31 small meetings were conducted. Stakeholders came not only from individual
patients/families and hospital and healthcare systems but also from schools, the
Chicago Department of Public Health, the Chicago Housing Authority, the Illinois
Institute of Technology Institute of Design, multiple advocacy organizations, and
health insurance payers. The results showed the lines of communication and col-
laboration between stakeholders (hospitals, EDs, clinics, families, and schools)
were weak; caregivers were the only consistent force and could not always manage
this burden [37]. Recommendations for interventions and how to implement them
were generated. The main interventions needed were CHWs that were based outside
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the healthcare setting, to maintain their skills and support, and to be able to follow
families wherever they go. An electronic version of the CAPE was recommended,
to allow families to communicate their children’s asthma plan with other family,
schools, and healthcare providers. School-based asthma education was also identi-
fied as a need [37].

Because of the close collaboration with the Chicago Department of Public Health
on the CHICAGO Plan II, these interventions are now part of Chicago’s strategic
plan for asthma. Asthma CHW programs are being implemented and tested in a
variety of formats and settings to determine integration protocols, dosing, and reim-
bursement opportunities. A digital version of the CAPE was created and is ready for
testing. Asthma education continues in schools throughout Chicago. Researchers
and schools are also working closely together to identify strategies for expanding
asthma services [306, 307]. These will include identification of high-risk schools
and school-specific asthma needs assessments and supports provided by CHWs.
Clinical asthma services continue to be provided in partnership with schools in
mobile asthma clinics from Mobile Care Chicago.

Asthma Policy Efforts

While efforts to improve asthma for individuals usually constitute the main discus-
sion of asthma interventions, policy efforts deserve attention as well. Changes on a
policy level can have drastic impacts on many. As shown in Fig. 7.4, asthma has
been supported by a range of policy efforts over the last two decades. Much of these
policies are related to schools. First, school code was modified to allow children to
self-administer and carry asthma medication. The asthma emergency response pro-
tocol in 2016 gave schools more ability to care for children in emergencies. As of
2018, schools now have a policy allowing the use of stock albuterol which is critical

2001 2011 2014 2016
P.A.92-0402: Developed P.A.97-0361: Self- P.A.98-0796: HUD published a final
Section 22-30 of the School Carry and Self- Community rule for each Public
Code to address self- Administration of Health Worker Housing Agency to
administration of asthma Asthma and Allergy Advisory Board initiate a smoke-free
medication Medications Act policy in 2017

2010 2014 2016 2018
The Affordable Care Act Ilinois expanded P.A.99-0843: P.A.100-0726:
is enacted by Congress Medicaid coverage Asthma Stock Asthma
and signed into law Emergency Rescue
Response Medication in
Protocol Schools

Fig. 7.4 Asthma-related policy achievements in Chicago
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for ensuring non-expired medication is available and used when needed. These poli-
cies were supported by expansions in health insurance and Medicaid that provided
more access to healthcare coverage and medications for children and their families.

Conclusion and Final Remarks

Jayden’s death, like the deaths of many others with asthma, was preventable. Multiple
systematic failures contributed to his death. Despite having severe, persistent asthma
with fixed obstruction from years of chronic inflammation, he had not successfully
been seen by an asthma subspecialist. Perhaps, he had been referred and never went.
If that was the reason, he may not have gone because of insurance barriers. Perhaps,
the asthma subspecialist was very far away and his family could not take the time
off work to bring him or afford the transportation and parking costs. Very likely, he
was not referred, which happens frequently in urban minority populations [22, 258].
A primary care provider could have managed his asthma with additional medica-
tions according to guideline-based asthma care [187]. Unfortunately, young males
are the least likely to seek healthcare [281] and not all primary care providers follow
evidence-based asthma guidelines [271, 272]; this is more common in low-income
neighborhoods [266, 267]. He might not have been adherent to those medications
even if they were prescribed; he did not have his own albuterol inhaler at the time
of his admission to the hospital. Asthma medications can be very expensive, confus-
ing to use, and are felt to be socially unacceptable by adolescents [269, 282, 308,
309]. He did not receive an influenza vaccination. Influenza vaccine adherence is low
overall and even lower in African American communities [206]. He may have been
offered it and refused, but it also may not have been available to him if he did not
2o to a clinic. He and his family did not fully comprehend his asthma symptoms or
the severity of his illness, as they waited too long to seek emergency care. Blame for
Jayden’s death cannot be assigned to one person or component of the system. Many
factors conspired to create an environment that led to the worst possible outcome.

Models of health disparities in asthma cite multiple factors related to the health
disparities that work in parallel to negatively impact asthma management [162]. To
combat health disparities, we need to take into consideration these multiple factors
and realize that systematic change requires complex partnerships, collaboration,
and multilevel interventions. While much remains unknown about why asthma
occurs, we do know how to treat asthma and prevent exacerbations. The goal of
reducing health disparities is to ensure these treatments are accessed by all.

For individuals with asthma, we need to ensure they have healthy homes, fami-
lies, and neighborhoods where their exposures to physical and emotional triggers
are minimized. Children and adults with asthma need unrestricted access to the right
medications and devices. They need education on asthma symptom and trigger rec-
ognition, and how to manage medication regimens. All with asthma deserve care
from providers that practice guideline-based asthma care and are accessible. At
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schools and in the workplace, children and adults with asthma need an environmen-
tally healthy environment with appropriate access to medications and communica-
tion with families and healthcare providers.

To move this agenda forward, health system reform and partnerships are essen-
tial. Partnerships include healthcare systems and families, and also public health
departments, housing agencies, and school systems to support sustainable change.
Implementation science is a field designed to bring about systematic changes and
provides a structure for how to implement and evaluate these efforts.

Support of all with asthma to reach their potential by keeping them safe and
healthy is a common goal. It should be our goal for both ethical and financial rea-
sons to overcome asthma health disparities and ensure everyone can breathe and
contribute to our society. While novel drug development and mechanistic bench
research are important, ensuring equal access to known therapies and comparable
outcomes for all should be prioritized at the same level, if not higher. The benefits
to society would be many.
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