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Preface

On a daily basis, I take care of patients with severe allergies, people from all walks
of life, different age groups, races, and genders and varied resources in life. An
observation obvious from first days of training as a physician occupied my mind and
later drove my research toward the field of disparity. I often take care of children
with severe asthma in the hospital who have been intubated for asthma attacks and
spend 1-2 days per months in average in the emergency department. These children
can hardly keep up with their school work or even run for a fun play. Sometimes, we
never hear of these children again, even after calling the number in the file multiple
times to follow up on them or reschedule an appointment. I also take care of chil-
dren, adolescents, and adults with the same type of asthma who run marathons, are
part of the hockey or soccer teams, and do greatly at school and work. Allergies are
chronic conditions and in most cases are carried throughout life. These conditions
need to be properly managed and followed. Certain time points in life are key in
their management and prevention of adverse outcomes.

Access to health care is a right to everyone in the society. As physicians, we are
under the oath to provide care, not harm. It is extremely painful to see how incapaci-
tated we are in delivering this oath sometimes, due to the existing health-care ineq-
uities, when we are unable to prescribe the medication of choice and do the proper
testing, or when our patients are lost to follow up as they cannot afford to come
back. This has been a drive for multiple epidemiologists and physicians around the
globe to develop alternative methods to bridge the gaps in health care. However,
despite these efforts, today, we still witness a great deal of preventable poor out-
comes and damages that are certainly more common in minorities and socioeco-
nomically deprived communities.

Health disparity is defined as health difference that is linked to social or eco-
nomic disadvantage. These disparities adversely affect groups of people who have
experienced greater social or economic obstacles to health based on race, socioeco-
nomic status, gender, geographic location, or other characteristics that are histori-
cally linked to discrimination or exclusion. The extent of the problem is beyond a
specific part of the globe. Most parts of the world including developed and develop-
ing countries witness such disparities at a great extent. Health disparities significantly
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affect patients with allergic diseases. In some allergic conditions, such as asthma or
food allergy, these disparities can result in higher preventable mortality, while dis-
parities result in higher morbidities in all allergic conditions such as eczema or
rhinitis.

Addressing disparities in allergic diseases requires a multifactorial approach at
the levels of public health policy, health-care providers, and individuals. Systematic
interventions should be aimed at decreasing risk factors that disproportionally affect
racial and ethnic minorities and impoverished populations. These include cam-
paigns to reduce air pollution in inner city areas, control indoor allergen exposure,
promote smoking cessation, and prevent violence in neighborhoods.

As individuals involved in health care, we can all play our part. Extra efforts to
remove barriers to care such as taking the patient’s language fluency and health lit-
eracy into account or spending more time to reassure proper rapport can go a long
way. As health-care providers, we can sense and inquire about possible cultural
beliefs and fears related to management, such as concerns about the use of control-
ler inhalers for asthma which has been shown to be a major barrier to adherence to
these lifesaving medications. Proper discussion and providing evidence can help
them overcome these fears. If patients and their families feel that we truly care and
are available if they need us, they will reach out on time and follow our recommen-
dations. These efforts can increase adherence to medications and increase the out-
patient follow-up that is necessary for reassessment and reinforcement of treatments.

In this book, we provide evidence and discuss studies from both developed and
developing countries that witness health disparities in allergic disease. We tell sto-
ries of our patients with allergic diseases who had very poor preventable outcomes
due to their lack of access and inadequate care. While it might be late for some of
our patients, it is still time for a lot more children and adults suffering from allergic
diseases. In the last chapters, we provide examples of programs and strategies that
can help prevent or at least decrease such stories.

Chicago, IL, USA Mahboobeh Mahdavinia, MD, PhD
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Chapter 1
Global Health: Reimagining Perspectives

Fernando De Maio and Jonatan Konfino

Introduction

Global health offers a particularly valuable lens to view the world. On the one hand,
global health offers an image of development and overall improvements, with pro-
gression from the “age of pestilence and famine” to a newer age where more and
more populations live longer and longer. This is supported by a number of indica-
tors showing widespread (aggregate) improvements in critical epidemiological indi-
cators, including life expectancy and infant mortality, over the past 50 years [1]. Yet,
on the other hand, global health offers an image of great heartbreak and disappoint-
ment — with millions suffering from the burdens of neglected diseases and coping
with morbidity and mortality from preventable causes associated with chronic non-
communicable diseases [2—-5]. This is supported by the brute facts indicative of
broad inequity: life expectancy varies from 50 years to over 80 years in different
countries, and diarrhoea remains a leading cause of death for children aged 5 and
younger [1]. The toll of tuberculosis — despite the development of effective medica-
tions more than 40 years ago — is still unacceptably high [1, 5]. And when we go
beyond national averages to look at within-country inequities, we recognize that the
national pictures are misleading, hiding the very real and substantial inequities that
exist in rich and poor countries alike [6]. Understanding the complexities of global
health requires us to grapple with the world as deeply unequal and unjust [7].
Disparities in management and hence outcomes of non-communicable diseases
such as asthma and allergies are examples of these inequities. Inequities are observed
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not only between populations in different countries but also within the same popula-
tions living in one city in countries with overall good levels of population health [8].

We can discern different ways of conceptualizing global health [2, 3, 9]. One
tradition, the “statist” tradition, frames global health primarily as a question of secu-
rity; it sees disease as a threat to be defeated [10, 11]. It invokes the state’s obliga-
tion to defend its borders from external threats. In doing so, this type of thinking
pathologizes the suffering of poor people, seeing their existence as a threat that must
be contained [10]. In this light, Ebola matters to rich countries because it strikes
fear, and “vulnerability” is generalized to everyone [11]. National policies based on
this perspective actively screen out “sick” immigrants, erecting barriers (in the case
of the United States under the Trump administration, calling for a physical wall on
the southern border with Mexico). Under the statist perspective, migration itself
becomes a danger to rich countries [4, 12, 13]. Under the statist perspective, global
health takes place “out there”, in so-called developing countries [14], and interven-
tions often take the guise of charity [5] — a type of intervention that sidesteps the
underlying questions of social justice [15].

The alternative way of understanding global health is from the perspective of
human rights. This “globalist” tradition offers a rebuke to the statist tradition — from
this perspective, we are interested in global health not because global patterns of
disease are necessarily a threat but because we recognize the interconnectedness of
all populations and the right of every individual on the planet to benefit from
advances in medical care [5]. From this perspective, global health is not just about
what happens out there. Instead, global health is concerned with how health/disease
is shaped by global economic, political and cultural forces that transcend national
boundaries. When our health is influenced by international food processing regula-
tions, we witness global health in practice. When we work with or for companies
with a global presence, we are part of a chain of events connected to global health;
health “there” is influenced by actions here. For Koplan et al., global health:

refers to any health issue that concerns many countries or is affected by transnational deter-
minants, such as climate change or urbanisation, or solutions, such as polio eradication.
Epidemic infectious diseases such as dengue, influenza A (H5N1), and HIV infection are
clearly global. But global health should also address tobacco control, micronutrient defi-
ciencies, obesity, injury prevention, migrant-worker health, and migration of health work-
ers. The global in global health refers to the scope of the problems, not their location
(emphasis added). [14]

Seeing global health from the globalist tradition shifts our intervention efforts
from charity towards something far more structural — towards what the WHO has
named the “uneven distribution of power, money, and resources” [16].

In this chapter, we explore the statist and globalist traditions in global health
through an analysis of an important theoretical framework: epidemiologic transi-
tion. We identify the broad contours of the model and discuss some of its main cri-
tiques, before moving to a discussion of the United Nations’ Sustainable
Development Goals (SDGs). Our analysis identifies challenges and opportunities
for adopting an equity-based perspective that would call out and challenge the root
causes of avoidable and unnecessary morbidity and mortality in the world today.
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Theorizing Global Health

One of the most influential (and debated) models in global health is Abdel
Omran’s theory of epidemiologic transition. His theory describes changes in a
country’s leading causes of death from infectious (or communicable) to chronic
(or non-communicable) diseases [2, 17, 18]. The classic formulation of this
model posits that the transition is primarily associated with a country’s eco-
nomic development. It describes how countries transition over time from an
“era of pestilence and famine,” characterized by brutally low life expectancies
and outbreaks of infectious pathogens, to an era of “receding pandemics” and
finally to an era of “man-made and degenerative” diseases, where life expec-
tancy is high and mortality relatively predictable from 1 year to the next.
Omran’s model certainly describes the experience of the rich industrialized
countries of the world — but the extent to which it applies to countries of the
global south today is much debated.

As a theoretical framework, the epidemiologic transition is often implicit in
global health thinking. It is often taken for granted that the model works and that it
describes with some degree of precision the development of global health over time.
Indeed, we have seen shifts in the leading causes of death towards chronic non-
communicable diseases [19]. Yet researchers have also paused to unpack the model,
sometimes developing ways of extending the theory to better fit contemporary epi-
demiological profiles in specific countries and regions [20-26] and sometimes criti-
cizing it and calling for its abandonment altogether [27-29].

The most recent research in this area has questioned the assumptions of epide-
miologic transition theory, and empirical findings show that many countries of the
global south experience a persistent “dual burden” of disease, something that the
original theory did not foresee in its stages of transition. Omran’s model was very
optimistic about the shift in population health profiles from infectious to non-
communicable diseases. The coexistence of chronic diseases such as cancer, cardio-
vascular disease, adult-onset diabetes and arthritis with infectious diseases such as
tuberculosis and malaria presents formidable challenges to fragmented and under-
funded healthcare systems. Understanding epidemiologic transition, or what we
might instead see as epidemiologic overlap, is therefore critical to gauging the pres-
sures on healthcare systems in the global south, as well as to thinking about strength-
ening those healthcare systems.

Omran’s theory, like all theories, was a product of its time — steeped in moderniza-
tion theory and lacking the nuanced critiques raised by dependency theory and, later,
world-systems approaches [2]. Omran saw development naturally occurring over
time, though the pacing of that development could vary from place to place. But the
notion of progress, of development through stages, was nevertheless fundamental to
Omran’s theory — from his theory, we have an image of the world developing towards
higher and higher levels of population health, with longer life expectancies. And on
this issue, epidemiologic transition is incompatible with more critical approaches to
understand the world today [28, 30]. Martinez and Leal argue, for example, that the
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model is grossly optimistic, assuming that epidemiologic and economic improve-
ment will naturally occur over time, ultimately labelling it an illusion [27]. Critics
argue that Omran’s model was naive about economic development (which depen-
dency and world-systems theories argue are not inevitable) and about infectious dis-
eases (with HIV/AIDS being the clearest rebuke to the idea that infectious diseases
could no longer threaten “post-transition” populations). Omran’s theory also had
very little, if anything, to say about global health inequities — which the WHO CSDH
has poignantly framed as the critical social justice question of our time [2, 7, 16].

Global health discussions have turned from the passive perspective of Omran’s
epidemiologic transition theory to the far more active “structural determinants of
health” model advocated by the WHO Commission on the Social Determinants of
Health. The WHO Commission shifted the focus of the work from economic devel-
opment to health equity, ultimately concluding that “reducing health inequalities is
an ethical imperative. Social injustice is killing people on a grand scale” [16]. The
CSDH took an openly progressive political stance, emphasizing that “it does not
have to be this way and it is not right that it should be like this. Where systematic
differences in health are judged to be avoidable by reasonable action they are, quite
simply, unfair. Putting right these inequities — the huge and remediable differences
in health between and within countries — is a matter of social justice” [16]. The
CSDH openly questioned the benefits of globalization for the world’s poor, observ-
ing that increasingly transnational risks are borne by low- and middle-income coun-
tries, while the financial benefits of new global trade agreements are unequally
distributed in favour of high-income regions [2].

Overall, the WHO CSDH proposed 12 objectives categorized into three broad
principles:

1. Improve daily living conditions

* A more equitable start in life

* A flourishing living environment
* Fair employment and decent work
* Universal social protection

e Universal healthcare

2. Tackle the inequitable distribution of power, money and resources

e Coherent approach to health equity
* Fair financing

* Market responsibility

* Improving gender equity for health
 Fairness in voice and inclusion

* Good global governance

3. Measure and understand the problem and assess the impact of action
* Enhanced capacity for monitoring, research and intervention [16]

The report emphasized the need for the pragmatic improvement of day-to-day
living conditions for the world’s poor. Building on a large literature on the health
effects of childhood deprivation, the CSDH took a life course perspective and called
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for a major emphasis on early child development and education. At the same time,
it called for strengthened social policies and legislation for working age popula-
tions, emphasizing the need to “improve the working conditions for all workers to
reduce their exposure to material hazards, work-related stress, and health-damaging
behaviours” [16]. Moreover, the CSDH called for living wage legislation and
emphasized the need to “establish and strengthen universal comprehensive social
protection policies that support a level of income sufficient for healthy living for all”
[16]. The WHO CSDH advocated for a clear focus on the structural and social deter-
minants of health.

The Commission described the 40-year gap in life expectancy from the poorest
to the richest as four decades that are “denied” [16]. At the same time, it docu-
mented within-country inequities based on a variety of factors — economic, political
and gender-based. The Commission calls for a refocusing of much of the global
discourse on health, away from development towards equity, towards social justice.

We argue that responding to the WHO Commission’s call will require global
health researchers to name and challenge the status quo, to name and challenge our
roles and our institutions’ roles in the maintenance of an unequal system. At the core
of this work is the concept of structural violence, defined by Paul Farmer et al. as
“social arrangements that put individuals and populations in harm’s way... The
arrangements are structural because they are embedded in the political and eco-
nomic organization of our social world; they are violent because they cause injury
to people”. It is structural violence that maintains the patterns of global health ineq-
uities that we see in the world today [31].

Selected Global Health Targets

Much of the contemporary global health discourse revolves around the United
Nations’ Sustainable Development Goals (SDGs), which build upon the previous
Millennium Development Goals (MDGs) [32-34]. There are 17 SDGs:

No Poverty

Zero Hunger

Good Health and Well-Being

Quality Education

Gender Equality

Clean Water and Sanitation
Affordable and Clean Energy

Decent Work and Economic Growth
Industry, Innovation and Infrastructure
Reduced Inequality

. Sustainable Cities and Communities

. Responsible Consumption and Production
. Climate Action

. Life Below Water

. Life on Land

NN D=

QR W= O
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16. Peace and Justice Strong Institutions
17. Partnerships to Achieve the Goal

While SDG 3 is the only one explicitly framed in the language of health, all of
the other SDGs connect to health outcomes (perhaps, most clearly SDG 1, dealing
with poverty; SDG 2, dealing with hunger; and SDG 10, dealing with inequality).
SDG 3 is then organized into 13 targets, as shown in Table 1.1.

Table 1.1 Targets associated with SDG 3 “General Health and Well-Being”. (Source: https://

www.who.int/sdg/targets/en/)

By 2030, reduce the global maternal mortality ratio to
less than 70 per 100,000 live births

Achieve universal health coverage, including financial
risk protection, access to quality essential health-care
services and access to safe, effective, quality and
affordable essential medicines and vaccines for all

By 2030, end preventable deaths of newborns and
children under 5 years of age, with all countries aiming
to reduce neonatal mortality to at least as low as 12 per
1,000 live births and under-5 mortality to at least as

low as 25 per 1,000 live births

By 2030, substantially reduce the number of deaths and
ilinesses from hazardous chemicals and air, water and
soil pollution and contamination

By 2030, end the epidemics of AIDS, tuberculosis,
malaria and neglected tropical diseases and combat
hepatitis, water-borne diseases and other
communicable diseases

Strengthen the implementation of the World Health
Organization Framework Convention on Tobacco
Control in all countries, as appropriate

By 2030, reduce by one third premature mortality from
non-communicable diseases through prevention and
treatment and promote mental health and well-being

Support the research and development of vaccines and
medicines for the communicable and
noncommunicable diseases that primarily affect
developing countries, provide access to affordable
essential medicines and vaccines, in accordance with
the Doha Declaration on the TRIPS Agreement and
Public Health, which affirms the right of developing
countries to use to the full the provisions in the
Agreement on Trade Related Aspects of Intellectual
Property Rights regarding flexibilities to protect public
health, and, in particular, provide access to medicines
for all

Strengthen the prevention and treatment of substance
abuse, including narcotic drug abuse and harmful use
of alcohol

Substantially increase health financing and the
recruitment, development, training and retention of the
health workforce in developing countries, especially in
least developed countries and small island developing
States

By 2020, halve the number of global deaths and
injuries from road traffic accidents

Strengthen the capacity of all countries, in particular
developing countries, for early warning, risk reduction
and management of national and global health risks

By 2030, ensure universal access to sexual and
reproductive health-care services, including for family
planning, information and education, and the
integration of reproductive health into national
strategies and programmes
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Several of the targets aim at big mortality indicators — with explicit targets asso-
ciated with reductions in maternal mortality and child mortality by 2030. The epi-
demics of AIDS, tuberculosis, malaria and neglected tropical diseases are also
called out for particular attention, as is the burden of chronic non-communicable
diseases — the latter building on a great deal of advocacy lead by the WHO in the
past 20 years [19, 35, 36]. Morbidity indicators take a backseat, and allergic dis-
eases (the focus of this book) are problematically not highlighted as priorities.

Challenges and Opportunities

The WHO CSDH and the new SGD framework offer important opportunities for
global health research and advocacy. The WHO CSDH, in particular, has attempted
to shift attention towards structural and social determinants of health, framing
global health inequities in the language of social justice. And the SDGs, much like
the previous MDGs, attempt to set quantitative benchmarks to track progress and
galvanize attention. However, as well intentioned as these works may be, we face
an unequal playing field, and the fundamental question of how to nurture health
equity in an increasingly unequal world is unaddressed. We live in a world that
contains more scientific, technological and medical power than ever before. Yet
what Paul Farmer describes as the “fault lines of inequality” are also more pro-
nounced than ever [37].

The charitable sector is one of the fastest-growing industries in the global econ-
omy. This deluge of philanthropy has helped create a world where billionaires wield
more power over education policy, global agriculture and global health than ever
before [38]. Yet, the charitable model has failed to address the root causes of inequal-
ity. As Farmer notes:

Those who believe that charity is the answer to the world’s problems often have a ten-
dency — sometimes striking, sometimes subtle, and surely lurking in all of us — to regard
those needing charity as intrinsically inferior. This is different from regarding the poor as
powerless or impoverished because of historical processes and events.... There is an enor-
mous difference between seeing people as the victims of innate shortcomings and seeing
them as the victims of structural violence. [5]

In place of charity, Farmer would have us adopt a social justice lens — one with a
clear eye focus on structural violence as a driver of health and economic inequities
despite overall economic growth (whose benefits do not “trickle down” to the poor).

One of the most promising developments in global health — a development with
the real potential to change “business as usual” towards a more progressive system
guided by equity — is the global revival in “social medicine”. The term social medi-
cine has deep roots — associated in Europe with Rudolph Virchow and in Latin
America with a long-standing tradition symbolized perhaps most clearly by
Argentina’s Ramon Carrillo [39] and Chile’s Salvador Allende [40, 41]. Most
recently, it has been taken up by the “Social Medicine Consortium” (see http://
www.socialmedicineconsortium.org/), who declares itself: “rooted in the belief that
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inequity kills, and that together we can achieve health equity by constructing sys-
tems that demand justice, recognize our global interconnectedness, and enable the
next generation of health professionals”. Groups like the Social Medicine
Consortium actively develop local and global discussions focused on the structural
roots of illness, guided by the conviction that health systems can and must address
inequities in health in far deeper ways than are allowed by the traditional biomedical
perspective.

Other groups, including the “People’s Health Movement” (https://phmovement.
org/), visualize a world in which equity between and within countries is achieved
and health for all is a reality. They “demand that governments, international finan-
cial institutions and the United Nations agencies including the WHO be accountable
to people, not to transnational corporations and their agents”. They base their analy-
sis on politics and economics, seeing those parts of life as integral to the delivery of
healthcare; their analysis is rooted in Carillo and Allende’s social medicine and
echoes in the work of the WHO CDSH:

High income countries, working closely with transnational corporations, are promoting
neo-liberal policies to manage the contemporary crisis of globalized capitalism in the inter-
ests of the transnational capitalist class. With help from a network of one-sided ‘trade and
investment’ agreements, these policies are either being accepted by or being forced on the
governments of low and middle income countries. The resulting national policies are hav-
ing far reaching consequences for the social conditions that shape people’s health, and also
for the approach and funding of comprehensive health care. Such policies are worsening the
fundamental determinants of health, and progressively crippling healthcare infrastructure
and delivery of services. Such policies are encouraging national governments to abdicate
their responsibilities to public health... [42]

Groups like the Social Medicine Consortium and the People’s Health Movement
call the “decolonizing” of global health, prioritizing, instead, collaborations and
partnerships that do not impose agendas onto poor people in the global south. To be
clear, the default setting — the charity model — is rooted in unequal power relations,
implying that the global north has answers for problems in the global south. What
we require — if the promise of the WHO CSDH is to be followed through — is a new
type of global health research, one based on science but also cognizant of politics
and history. This reimagined global health must acknowledge and respect the great
resources that exist in the global south and must look for insights from low-income
countries that may actually be transferable to wealthier (but still unequal) contexts
[43]. A great example of this is the critical role that community health workers may
play in improving health outcomes in a range of settings [44—46].

Conclusion

Global health is at a crossroad. There are more funds available for global health
research and advocacy than ever before. There are important global agenda-setting
documents, including the WHO CSDH and the United Nations’ SDGs, that frame
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global health in innovative new ways, bringing focus to the structural and social
determinants of health. And we have better epidemiological data than ever before.
Yet, do we have the political will to prioritize global health? Or will global health
matter first and foremost when it becomes a security threat (the statist perspective),
perhaps calling for more and more well-intentioned but ultimately ineffective char-
ity? Our challenge is to reimagine global health — acknowledging that the overall
improvements we have seen in aggregate-level indicators have not been equally
shared, acknowledging the persistent and growing inequities that exist despite
unprecedented global economic growth. This reimagined global health may con-
ceptualize health inequities as a manifestation of structural violence, calling for the
structural solutions identified by social medicine.

From this broad-ranging review of global health thinking, we now turn our atten-
tion to allergic diseases in the global south, an important but neglected issue in
global health.
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Chapter 2

Allergic Diseases in the Developing World:
An Emerging Problem or an Overseen
Issue?

Check for
updates

Sareh Eghtesad

Allergic diseases are defined as a hypersensitivity or overreaction of the immune
system to seemingly harmless substances in the environment. While being impacted
by the environment, they are also closely linked to the genetic background of the
individuals affected. A number of allergic conditions can be observed as a result of
this altered immune response, such as atopic dermatitis, asthma, allergic rhinitis,
and food sensitivity/allergy. Although allergens are different throughout the world
and in different environments, some are more commonly known to cause an allergic
response in many populations; these include pollens, dust mites, animal dander,
insect bites, and certain foods such as nuts and seafood.

Historically, allergic diseases were seen more commonly in industrialized popu-
lations and more so in urban areas compared to rural regions. However, in the past
few decades, a changing trend has been witnessed, and higher incidence of allergic
diseases is observed in developing countries as well. This rise has been attributed to
the effects of modernization, industrialization, and improved sanitation in those
countries, as well as greater access to various foods. Modern life changes such as
overcleaning, access to filtered and sanitized water, use of pesticides, detergents and
cleaners, as well as food storage and transportation have decreased exposure to
many antigens that individuals would previously be in contact with on a daily basis.
But how does this affect allergic diseases? The answer is described by the “hygiene
hypothesis,” which is, perhaps, the most credible explanation for the observed
change caused by modernization [1, 2]. The hygiene hypothesis states that decreased
exposure to bacteria early on in life inhibits full immune system development, mak-
ing individuals prone to allergic diseases [1]. Therefore, the more sterile the living
environment in early life, the higher the incidence of allergic diseases. The hygiene
hypothesis is supported by migration studies where individuals from developing
countries with low incidence of allergic and autoimmune diseases who migrated to
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developed countries with high incidence of these diseases acquired these conditions
at rates similar to that of natives of the developed country, emphasizing the role of
modern lifestyles and the environment in the development of these conditions [3].
With that said, two important factors influencing this observation are the length of
stay of migrants and their age at the time of migration. This reinforces the idea that
the lack of exposure to bacteria in early childhood is what leads to the exacerbated
immune response.

Some of the consequences of this altered immune function have a greater impact
on individuals’ lives than others. Asthma, for example, characterized by inflamma-
tion and narrowing of the airways, affected 339 million people worldwide in 2018.
Although its exact cause is not known, there is strong evidence linking atopy and
asthma to the hygiene hypothesis [4]. However, most observations of asthma as an
allergic disease come predominantly from high-income, developed countries, and
the association of the two is weaker in low- and middle-income or developing coun-
tries. Could this be a truly weak association though? Or is it simply because data are
lacking from developing countries?

Although it is speculated that the prevalence of allergic diseases in developing
countries is growing, data is lacking on the exact rates of these conditions in various
parts of the world. What is certain, however, is that prevalence rates are still lower
than those observed in developed countries. With that said, because of poorer eco-
nomic conditions and lack of access to appropriate medical care, the health and
economic impact of these diseases appear to be higher in developing and under-
privileged countries [5].

In the following sections, we will first review the available data on the prevalence
of allergic diseases in developing countries and discuss trends and patterns seen
over the past few decades, and then, we will discuss the overall risk factors and
common allergens, followed by the burden caused by allergic diseases in these
countries.

Prevalence of Allergic Diseases: An Overview

The International Study of Asthma and Allergies in Childhood (ISAAC) is the larg-
est worldwide collaborative epidemiological research project investigating asthma,
rhinitis, and eczema, including data from over 100 countries. The study started in
1991 and has had several phases carried out thus far. Early data from the study
reported an astounding 20-fold to 60-fold difference in asthma, allergic rhinocon-
junctivitis, and atopic dermatitis (eczema) among children in different parts of the
world [6]. As expected, these diseases were highest in developed countries, such as
the United Kingdom, Australia, New Zealand, and Ireland, and lowest in developing
countries, such as Indonesia, China, Taiwan, Uzbekistan, India, and Ethiopia [7].
But prevalence rates increased throughout the world from Phase I to Phase III stud-
ies, with 6- to 7-year-old children of Jodhpur, India, experiencing the lowest rates
(2.4%) and those in Costa Rica experiencing the highest (37.6%).
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Asthma trends: The rates of asthma are markedly varied across the globe.
Adolescents (13—14 years of age) in Tibet and New Zealand experienced the lowest
and highest rates of asthma, respectively (0.8% vs. 32.6%) [5]. The countries expe-
riencing the highest rates of asthma most often had higher rates of allergic rhinocon-
junctivitis as well.

Atopic dermatitis followed different patterns, with African countries being
among those with higher prevalence rates. Studies on atopic dermatitis revealed
rates as low as <2% in Iran to over 16% in Japan and Sweden in 67 year olds. The
rates were also varied in older children in different parts of the world with rates of
<1% in Albania and over 17% in Nigeria in 13- to 14-year-old children [7]. Phase
IIT data from ISAAC in 2008 showed the increasing trend in atopic dermatitis with
the highest rates being in Asia and Latin America. In children 1314 years of age,
atopic dermatitis ranged from 0.2% in China to 24.6% in Columbia with the highest
rates again in Africa and Latin America [8].

Food allergies are another major category of allergic diseases, and although there
is a lack of high-quality studies using gold standard techniques of diagnosing food
allergies, the available data still shows an increasing trend in developed and devel-
oping countries, with some developing countries showing rates as high as developed
countries [9, 10]. Genome—environment interactions are evidenced by studies inves-
tigating food allergies in migrants or descendants of low- and middle-income coun-
tries growing up in developed countries. These studies have shown that the rates of
food allergies in these immigrant populations are even higher than that observed in
natives of those developed countries [10].

One very important factor when comparing prevalence rates among different
countries is having the same diagnostic criteria for a disease, as different criteria in
the same population can give varying results, let alone in different populations
around the world. And while not all studies published in the past few decades use
the same diagnostic criteria, many are either part of the ISAAC project or have
adopted its protocols and questionnaires, performing the same study in 6-to 7-year-
old and 13- to 14-year-old children, making their results ideal for comparison.
Although all relevant studies have been included in the sections presented in this
chapter, for the sake of convenience, studies using ISAAC guidelines are marked in
the tables associated with each section.

Prevalence and Trends of Allergic Diseases: Africa

The prevalence of allergic diseases varies widely between African countries and
even within different regions of one country. Data from selected countries are pre-
sented in Table 2.1. The lowest rates of asthma are reported in children from a low
socioeconomic region of Nigeria (0.9%), while highest rates are observed in South
Africa and Congo (20.3% and 19.9%, respectively) [11, 12]. Allergic rhinitis rates
as high as 38.5% and 61.7% have been reported in the general population of South
Africa and Benin, respectively [13, 14]. Data from African countries is very limited,
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and it is hard to pinpoint exact high and low regions, but even with the scarce amount
of data available, the increasing trend in allergic diseases over the past few decades
is evident. The same survey repeated 6 years apart in Kenyan adolescents showed
significant changes over time. The rate of asthma increased from 6.6% to 12.6%,
while allergic rhinitis increased from 14.9% to 38.6% and atopic dermatitis
increased from 13.9% to 28.5% [15]. South Africa also showed similar trends with
a 1-8.5% increase in different allergic diseases over a 7-year period [14].

Food allergies also appear to be on the rise in African countries with highest rates
reported in Zimbabwe (10%) and Morocco (9.5%) [16]. Self-reported food reac-
tions are as high as 28% in Nigeria [17]. Forty percent of children with atopic der-
matitis in South Africa have a peanut allergy, one of the most common allergens [18,
19]. Other foods known to cause allergic reactions in various African countries
include apples, tomatoes, soy, crab, egg whites, and milk. Sea food allergy is also
high in certain regions of South Africa [20].

Prevalence and Trends of Allergic Diseases: Middle East

Most data in the Middle East come from studies performed in Turkey followed by
Iran and Saudi Arabia. Before talking about individual countries, however, it would
be best to get an overall picture of asthma status in that region by noting the meta-
analysis performed in 2018 in the Eastern Mediterranean Region countries
(Afghanistan, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon,
Libya, Morocco, Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Somalia, Sudan,
Syria, Tunisia, United Arab Emirates (UAE), Yemen, and Cyprus). Using the World
Health Organization definition of asthma, Masjedi et al. reported a pooled asthma
prevalence of 9.38% (confidence interval: 9.20-9.55) [21]. While not all countries
had the same amount of data to be reflected in this analysis equally, the highest
prevalence rate was observed in Kuwait and the lowest in Syria. Another system-
atic review from the Arabian Peninsula including seven countries (Kuwait, UAE,
Bahrain, Qatar, Oman, Kingdom of Saudi Arabia, and Yemen) reported a preva-
lence range of 8-23%, while the SNAPSHOT program reported lower prevalence
rates of 3.6%, 6.4%, and 6.4% in Egypt, Turkey, and the Gulf Cluster (Kuwait,
Saudi Arabia, and the UAE) [22, 23].

Selected data from different countries in addition to time trends are shown in
Table 2.2. Based on these data, the highest reported prevalence of asthma in the
years 2010-2019 was 35.4% in children (Iran—single-center study) and 15% in
adults (Kuwait—national survey) [24, 25]. The lowest rates reported in children and
adults were 8.9% (Turkey) and 1.9% (Kazakhstan), respectively [26, 27]. Given that
allergic diseases are predominantly diagnosed for the first time in childhood, the
majority of studies in the Middle East have focused on children, using ISAAC
guidelines. While the rates of allergic diseases vary among different countries, they
do show an anticipated rise in allergic diseases. In Turkey, the same survey repeated
in 1994, 2004, and 2014 shows this trend well. The rate of allergic rhinitis, asthma,
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and atopic dermatitis increased from 8.8% to 15.6%, 5% to 8.9%, and 5% to 7%,
respectively [27]. Other similar trends are seen in Oman, Iran, Saudi Arabia, and
Lebanon (Table 2.2).

Of the different allergic diseases, the highest rates in all Middle Eastern countries
belong to allergic rhinitis. In Iran, about 40% of children and 26-28% of adults
experience allergic rhinitis independent from or along with asthma [28-30]. Rates
as high as 20%, 30%, and 38% have also been reported in Kuwait, Qatar, and Saudi
Arabia, respectively [31-33]. Data on food allergy prevalence is lacking in the
Middle East; however, the available data show an increase in this category of aller-
gic diseases as well. In Turkey, seafood, fermented drinks made with millets, and
animal fats are among common food allergens reported [34]. Peanuts were the most
common food allergen in Saudi Arabia, and in Israel, egg, cow’s milk, and sesame
caused the most number of allergic reactions [35, 36].

Prevalence and Trends of Allergic Diseases: Asia

In general, asthma prevalence is lower in Asian developing countries compared to
those in other regions of the world. A range of 1.1-11.0% was found in a systematic
review of 74 studies in various regions of China, with the lowest prevalence being
observed in Tibet and highest in Hong Kong [37]. Most studies performed in main-
land China have used Chinese diagnostic guidelines, yielding a lower prevalence of
3% [37]. Crude prevalence of asthma in India, Sri Lanka, Bangladesh, Nepal, and
Pakistan were found to be 6.3%, 5.3%, 5.2%, 4.2%, and 3.7%, respectively [38].
The highest rate of allergic rhinitis was reported for adults in Thailand (37.7%), fol-
lowed by those in Vietnam (29.6%) [39, 40]. Food allergy prevalence appears to be
comparable to prevalence rates observed in Europe and the West, even though the
types of foods consumed vary widely [41, 42]. Various seafood are major allergens
in the adult population, while eggs and milk commonly affect children. In India,
beef and wheat allergies are reported as well. Table 2.3 summarizes results of
selected studies performed throughout Asia. Similar to many other developing
countries, data from most countries are insufficient, especially in the adult
population.

Prevalence and Trends of Allergic Diseases: Latin America

Based on the data available, the highest rate of asthma in adults and children living
in Latin American countries is 9.5% (Argentina) and 28.6% (Brazil), respectively,
while the lowest rates reported are 4.4% (Brazil) and 6.1% (Mexico) [43—46]. The
same increasing trend observed in other developing countries is reported in Latin
America as well, although data from most countries excluding Mexico and Brazil
are scarce. Selected data from these countries are shown in Table 2.4. As with other
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countries, allergic rhinitis is the most common allergic disease with rates as high as
43.2%, 42.6%, and 36.6% reported in Brazilian, Costa Rican, and Colombian youth
[47—49]. Given the tropical climate of many Latin American countries, dampness,
mold, and different fungi commonly trigger allergic reactions. Food allergies range
from 0.8% in Argentina to 5.7% in El Salvador, where milk, shrimp, chili, choco-
late, and nuts were the most common allergens [50, 51].

Risk Factors and Common Allergens in Developing Countries

So there is evidently an increasing trend in allergic diseases in developing countries,
and while risk factors such as gender, age, family history of atopic diseases, and
socioeconomic status affect the development of allergic diseases [14, 19, 29, 33, 34,
52-83], these factors have been present at times of lower prevalence rates as well
and do not contribute much to the increasing rates over the past few decades. What
risk factors do affect allergic diseases then? Probably, those that have changed as a
result of urbanization and modernization. Examples of these are increase in caesar-
ian section rates, smoking, obesity, and exposure to air pollutants.

Mode of delivery Birth delivery mode has been shown to affect the rate of aller-
gic diseases [49, 72, 73, 84-88]. More caesarian sections are being performed now
compared to past decades, since it seems to be the “modern” way of delivering a
child in many countries where it is performed without adequate indication. In
2010, the World Health Organization reported over 6.2 million unnecessary caesar-
ian sections being performed worldwide, 50% of which belonged to China and
Brazil [89].

Obesity Greater consumption of high-fat foods and lower physical activity leading
to overweight and obesity are also common trends in urbanized societies. Fast food
consumption, weight gain, and higher body mass index have been reported to be
risk factors of asthma and its related symptoms as well [26, 65, 75, 78, 90-105].

Smoking Most studies in different developing countries have reported higher rates
of allergic diseases in urban vs. rural areas [62, 101, 106—115]. Furthermore, many
reports have indicated that exposure to tobacco smoking is an important risk factor
for asthma [55, 62, 73-75, 77,78, 81, 90, 92, 93, 95, 96, 116—135]. One interesting
observation made in several studies is the effects of maternal smoking on increased
allergic diseases in children [72, 73, 88, 121, 136—140]. One possible explanation
for this observation is that in many societies, female smoking was previously
regarded as a taboo, but it appears that cultures have overcome this taboo and female
smoking has become more common in developing countries. The effects of smok-
ing during pregnancy and low-birth-weight children have been extensively studied
and proven before, and now higher rates of allergic diseases are observed in children
born underweight and to mothers who smoke.
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Pet allergy Many of the allergens reported in various countries also reflect mod-
ernization features. Pets are a common allergen in many developing countries, as
having a pet inside the home (dogs and cats) is more common now [13, 34, 77, 92,
104, 116-118, 121, 127, 132, 134, 140-148]. This can contribute to the increased
rate of pet allergy.

Industrial sites and pollution Other allergens of urbanized living reported include
living in close proximity of different industries such as cement or brick factories, air
pollution, and chemical compounds and volatile fuel that individuals were less com-
monly exposed to prior to the increase in allergic diseases [13, 79, 82, 148—152].
Living conditions often experienced in urban societies such as apartment living,
more crowding in small areas, and crowded day-care attendance have been shown
to be associated with higher asthma and its related symptoms as well [56, 61, 68, 76,
151, 153-158].

Now not all modern techniques adversely affect allergic diseases. For example,
use of electricity as a cooking method was shown to be a protective factor compared
to wood, coal, and other smoke-producing biomass that were previously used for
indoor cooking and heating [39, 126, 127, 134, 159].

The High Burden of Allergic Diseases in Developing Countries

As mentioned in the previous sections, the impact of allergic diseases appears to be
higher in developing countries in comparison to developed countries, despite of their
lower prevalence rates. But why so? There are several reasons for this phenomenon.
Lack of knowledge by patients, caregivers, and most importantly physicians is one
critical, influential, and preventable factor. Many studies evaluating physicians’ ability
to identify and manage allergic diseases have reported poor and insufficient knowl-
edge about asthma, its pathophysiology and related symptoms [160—-166], delayed or
inaccurate diagnosis [167, 168], lack of knowledge about standard medications and
guidelines [160, 165, 168—170], and general mismanagement [160, 163-165, 171—
175]. In one study evaluating the quality of asthma management, 40% of individuals
diagnosed were not informed about their disease, and those who were informed were
not given any educational materials [176]. Of course, these extreme cases are uncom-
mon; however, poor physician—patient interactions further affect disease management.
Given that the majority of allergic symptoms first develop in childhood, parental
knowledge about these diseases and their management is critical, yet in many instances,
missing [177-181]. In one study in Africa, parents perceived asthma to be contagious
and transmitted from one person to another, while others believed it was transmitted
through contaminated food [182]. In Brazil, some parents believed rescue medications
may cause their children harm [44]. Research regarding psychosocial factors affecting
asthma management in nine Arab countries has also shown parental knowledge to be
generally insufficient [179]. Many parents perceive that their children cannot lead nor-
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mal lives [175] and these misconceptions adversely affect their children’s quality of
life as they are often passed down to them, making them believe that they cannot
overcome and control their medical condition. Besides social pressures, lack of knowl-
edge in patients leads to noncompliance with therapy [177, 178, 183, 184], exacerbat-
ing disease status.

Even when knowledge is adequate, however, other obstacles such as limited
resources hinder better care in developing countries. Many times, the most appro-
priate medications and therapies are not readily available [168, 185], and even when
they are, individuals from lower socioeconomic levels are not able to afford them.
The economic burden of allergic diseases is a great concern for many countries. The
highest costs in various countries are attributed to inpatient and emergency room
visits as well as medications [186—188]. In Iran and India, where health care is
mostly self-funded, the annual cost per child is very high compared to the average
family incomes, draining on family resources [187, 189].

There is a low level of asthma control reported by many developing countries,
even those with larger, more rapidly growing economies [184, 186, 187, 190-193].
In China, physicians reported 75% of patients to be well-controlled, while accord-
ing to Global Initiative for Asthma (GINA) criteria, less than 15% of them were
well-controlled [194].

In Qatar, a country with the highest gross domestic product per capita in the
world and high health expenditure per capita, 31% and 26% of patients had uncon-
trolled and partly controlled asthma, respectively, most of which stemmed from
incorrect use of inhalers and misunderstanding the role of reliever and controller
medications, signifying that the effects of insufficient knowledge on asthma control
are greater than the effects economic limitations may have [190]. Allergic diseases
in general, but more so uncontrolled asthma, affect individuals’ quality of life and
cause behavioral and emotional problems in children [44, 167, 179]. They cause
school and work absences in 52% of children and 30% of adults in Oman, respec-
tively, and similar patterns are observed in other countries as well [44, 179, 186,
191, 195]. Work productivity, daily activities, and sleep quality are also reported to
be low by asthma patients in different developing countries. Although decreased
quality of life does pertain not only to developing countries but also to anyone with
uncontrolled asthma all over the world, the impact is more significant in low-income
developing countries because of the higher rate of uncontrolled asthma observed in
these populations.

Allergic Diseases: An Emerging Problem or an Overseen
Issue?

So are allergic diseases an emerging problem in low-income and developing coun-
tries? Or are they an overseen issue in these populations? The answer appears to be
both. Allergic diseases are an emerging problem because of changes in disease pat-
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terns and rates over the past few decades, caused by multiple risk factors mainly
linked to modernization. The majority of the available data is very recent or only
partial, indicating that the issue had been overlooked before and not anticipated in
many populations. On the other hand, while there is still a substantial amount of
work to be done, most developing countries are now aware of the increasing rate of
allergic diseases and are trying to do something about it. For so many years, the
greatest health obstacle in developing countries was controlling communicable dis-
eases (still the greatest obstacle in underdeveloped countries), as they caused the
highest rates of morbidity and mortality. However, with the global disease trends
seen over the past decades, changing from high rates of communicable disease to
high noncommunicable diseases, there is a need for change in public health policies
in order to better control the burden associated with noncommunicable diseases,
including allergic diseases. This change has not yet occurred in many developing
countries. Medical and political authorities must get engaged in order to develop
adequate resources to manage these problems. As with most things, education defi-
nitely plays a major role. Turkey has been a pioneer is conducting different educa-
tional workshops targeting different levels of care, from formal educational
workshop for physicians to allergy camps for children, all of which have been found
to be significantly effective and a great first step for combating the burden of allergic
diseases in this country. Similar approaches for the development of infrastructures
of education, research, and management are needed throughout the world. These
programs need to be culturally sensitive and specific to each population in order to
precisely address the needs of each group of people and impact their audience.
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AR Allergic rhinitis

GWAS Genome-wide association studies

ICAS Inner-City Asthma Study

NHANES National Health and Nutrition Examination Survey
NHIS National Health Interview Survey
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SNP single nucleotide polymorphism

ssIgE serum-specific IgE

Introduction

Racial/ethnic minority groups are growing in the United States and comprise a sig-
nificant part of the population. In 2016, the US Census Bureau estimated that the US
race/ethnic proportions were 61.3% non-Hispanic Whites, 17.8% Hispanics, 13.3%
Blacks or African Americans, 5.7% Asians, and 2.6% with two or more races.
Minority groups will continue to grow with the US Census Bureau’s population
projection for 2060 comprising 44.3% non-Hispanic Whites, 27.5% Hispanics, 15%
Blacks or African Americans, 9.1% Asians, and 6.2% with two or more races [1].
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For the purpose of this book chapter, race and ethnicity follow the definitions of the
1997 Office of Management and Budget (OMB) standards. Thus, race follows a
social rather than genetic or anthropologic definition. The concept of race differs
from ethnicity, which refers to Hispanic origin. Hispanics can be of any race [2].
Race and ethnicity are associated with many sociodemographic factors such as pov-
erty status, educational attainment, exposure and housing characteristics, psycho-
logical distress, insurance coverage, and cost barriers [3].

Over 50 million Americans suffer from allergies each year, which makes it the
6th leading cause of chronic illness in the United States. The annual cost is esti-
mated to mount to $18 billion [4]. Racial/ethnic minorities are disproportionally
affected by many allergic diseases compared to Whites with higher asthma morbid-
ity [5-7], higher rates of anaphylaxis due to food or medication allergies [8, 9] as
well as higher rates of atopic dermatitis [10]. Most data on racial/ethnic disparity in
allergic diseases in the United States is derived from nationwide surveys, such as the
National Health and Nutrition Examination Survey (NHANES) and the National
Health Interview Survey (NHIS) or from smaller studies conducted throughout the
country. There are relatively more studies addressing disparity in asthma compared
to other allergic diseases.

This chapter will review the role of genetic predisposition as opposed to environ-
mental, lifestyle, and socioeconomic factors that might contribute to the observed
racial and ethnic disparities. Asthma will be used as an example to discuss genetic
predisposition, as most data is available for this condition (Fig. 3.1). Disparities in
other allergic diseases will be discussed for atopic dermatitis/eczema, food allergy,
and anaphylaxis, as well as allergic rhinitis/hay fever. Lastly, examples for interven-
tions and future directions to overcome racial and ethnic disparity in allergic dis-
eases in the United States will be reviewed.

Racial and Ethnic Disparity by Allergic Disease

Asthma

According to the CDC, over 26 million people or 8.3% of US adults suffered from
asthma in 2016 [11]. Racial/ethnic minorities are disproportionally affected by
asthma. African American adults are two to three times more likely to die from
asthma than any other racial or ethnic group, and Black children are two times more
likely to have asthma than White children [5]. Blacks have a significantly higher
emergency department (ED) visit rate and hospitalization rate for asthma compared
to Whites (Figs. 3.1 and 3.2) [12].

Among Hispanics, Puerto Ricans show the highest prevalence of current asthma
(14.3%), surpassing the rates for non-Hispanic Blacks (11.6%) and non-Hispanic
Whites (8.3%), while Mexican Americans have a lower prevalence (5.7%) [11]. As
of 2017, 5.5 million Puerto Ricans lived in the continental United States with 20.2%
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Asthma emergency department visit rates, by race: United States, 2001-2009
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SOURCE: CDC/NCHS, National Hospital Ambulatory Medical Care Survey.

Fig. 3.1 Asthma emergency department visit rates, by race: United States, 2001-2009. (Adjusted
from Moorman et al. [12])

living below the poverty line in 2016 [13, 14], while 3.2 million residents lived in
the island of Puerto Rico, a US territory, 44% of those living in poverty as of 2018
[15]. A growing body of evidence supports a multifactorial etiology of asthma in
Puerto Ricans with interactions between hereditary and environmental risk factors
in this high-risk group, many of them still unidentified [16, 17].

Role of Genetic Predisposition

The high asthma morbidity among African Americans and Puerto Ricans compared
to Mexican Americans raises the question of an association between genetic ances-
try and asthma susceptibility. Puerto Ricans have been found to have a higher pro-
portion of African and European ancestry compared to Mexican Americans who
have a higher proportion of Native American ancestry. Native American ancestry is
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Asthma hospitalization rates, by race: United States, 2001-2009
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Fig. 3.2 Asthma hospitalization rates, by race: United States, 2001-2009. (Adjusted from
Moorman et al. [12])

associated with lower odds of asthma, while African ancestry is associated with
lower lung function and higher odds of asthma [18, 19]. Other studies have con-
firmed the association of African ancestry with increased asthma risk and lower
lung function in Puerto Ricans and African Americans [20-22].

It is unknown whether ancestral effects are explained by allelic variants or envi-
ronmental factors correlated with racial ancestry. Genome-wide association studies
(GWAS) identified single nucleotide polymorphisms (SNPs) as asthma-susceptibility
variants across ethnic groups that have been replicated in African Americans and
individuals of Mexican and Puerto Rican descent. These SNPs were located in
genes such as ORMDL3 and GSDMB on the 17q2 locus [23, 24] as well as TSLP
and /L33 [17, 25]. Other asthma-susceptibility variants have been identified for
African Americans [25, 26] and Hispanics [27, 28]. Of note, variants detected in
Hispanics, including Puerto Ricans and Mexican Americans, have previously been
identified in subjects of European descent [24]. The lack of replication in some
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GWAS studies that discovered ethnic-specific loci for asthma in Hispanics might be
contributable to the high genetic variation in this population due to their complex
ancestry. Furthermore, other technical variations such as the use of commercial
genotyping assays developed specifically for European populations or small sample
sizes leading to decreased statistical power can be the reason behind these contro-
versial results. Admixture mapping that compares genetic ancestry at a given loca-
tion in the genome may be a promising tool to overcome these challenges [17, 28].

Little is known about gene-environment interactions and epigenetic changes in
racial/ethnic minorities with asthma, and studies lack replication or statistical
power. DNA methylation marks in specific gene loci have been associated with
childhood asthma [29]. In a Kansas City cohort, African American children with
persistent asthma had higher levels of global DNA methylation than asthmatic chil-
dren of other races/ethnicity. Low socioeconomic status, as measured by <50%
mean family income, strongly correlated with higher global DNA methylation lev-
els in African American children relative to children of other race/ethnicity with low
socioeconomic status [30]. DNA methylation was also correlated with exposure to
violence in Puerto Rican children [31]. The role of gene variants as risk factors for
asthma and their interaction with environmental exposures are still poorly under-
stood, and further studies are needed to identify susceptibility genes and the impli-
cations for racial/ethnic disparities in asthma.

Environmental and Lifestyle Factors
Socioeconomic Status

In the United States, ethnicity and race are strongly correlated to socioeconomic
status (SES). African Americans and Hispanics are disproportionately affected by
poverty, which has been shown to increase the rate of asthma [32, 33]. The effect of
SES on asthma is likely mediated by multiple factors operating on individual and
community levels such as environmental exposures, access to health care, psycho-
social stress, and exposure to violence. However, different racial/ethnic groups have
a widely divergent burden from asthma (Table 3.1) [33, 34]. Among children in
California, African American children had 23% greater odds of asthma with each
decrease in the SES index (derived from maternal educational attainment level,
annual household income, and insurance status). Conversely, Mexican American
children had 17% reduced odds of asthma with each decrease in the SES index [35].
In a study of Keet et al., household poverty increased the risk of asthma among non-
Hispanic Blacks and Whites as well as Puerto Ricans but not among other Hispanics
[7]. However, in a larger study with data on 1.5 million Medicaid-insured children,
residence in poor neighborhoods among this low-income population was associated
with more asthma-related ED visits and hospitalizations regardless of Hispanic sta-
tus [36]. It is likely that racial/ethnic disparity in asthma arises from complex inter-
actions between multiple risk factors related to SES and individual susceptibility.
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Table 3.1 Asthma susceptibility factors in racial/ethnic minorities

Asthma susceptibility factors in racial/ethnic minorities

Genetic predisposition African ancestry
Reduced bronchodilator response
Epigenetic changes

Environmental and lifestyle factors | Inner-city residence
Poor housing quality
Indoor allergens
Ambient air pollution
Tobacco smoke
Vitamin D deficiency

Obesity

Place of birth in the United States
Health-care access and Inadequate health insurance
management Lack of regular source of care

Low health literacy

Language barriers

Undocumented immigration status
Cultural influence on disease perception
Lower use of controller medication

Psychosocial factors Low socioeconomic status
Exposure to psychological stress, discrimination, and
violence

Inner-City Residence

Using data from the National Health Interview Survey (NHIS), 2009-2011, that
included 23,065 children, Keet et al. found that the prevalence of current asthma
was 12.9% in inner-city and 10.6% in non-inner-city areas. However, this difference
was no longer significant after adjusting for confounders. Black race and Puerto
Rican ethnicity were strong independent risk factors for asthma exacerbation and
emergency room visits for asthma in this study [7]. Among children enrolled in
Medicaid between 2009 and 2010, Keet et al. showed that living in inner-city areas
does not increase asthma prevalence; however, it is significantly associated with
asthma morbidity with higher asthma-related ED visits and hospitalizations. The
increase in asthma morbidity in poor and urban areas is likely to be caused by mul-
tiple mechanisms including psychosocial stress and violence, ambient air pollution,
housing conditions, and exposure to indoor allergens as well as possible barriers to
health care in poor neighborhoods [36].

Psychosocial Stress and Violence

In the United States, racial/ethnic minorities are disproportionally affected by psy-
chosocial stressors such as physical and sexual abuse, violence, and discrimination
[31, 37-39]. These have been linked to asthma morbidity [40]. Among minority
youths, experiencing discrimination was associated with greater odds of asthma and
poor asthma control in African Americans [41]. Exposure to community violence is
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associated with a higher rate of asthma symptoms, hospitalizations, and ED visits
[42, 43]. By following 28,456 African American women over the course of 16 years,
Coogan et al. found a positive association between adult-onset asthma and child-
hood physical abuse among this group [44].

Parental stress and physical and sexual abuse were implicated in the develop-
ment of asthma among Puerto Ricans [31, 45]. In school-aged Puerto Rican chil-
dren, physical or sexual abuse was associated with almost twofold increase in odds
of developing asthma as well as asthma morbidity [46]. The underlying mecha-
nisms are unclear but might include a dysfunction of the hypothalamic-pituitary-
adrenal axis, cortisol insensitivity, or production of inflammatory cytokines [47,
48]. Constituting a potential epigenetic factor, the exposure to violence was associ-
ated with DNA methylation of the ADCYAPIRI gene locus in Puerto Rican chil-
dren, in whom such methylation changes were correlated with increased asthma.
ADCYAPIRI was suggested to play a role in regulating expression of the glucocor-
ticoid receptor gene [31, 49].

Ambient Air Pollution

Air pollution contributes to asthma mortality. In 2010, about 4% of the US popula-
tion lived within 150 m of a major road and were exposed to traffic-related pollution.
The proportion of non-Hispanic Blacks (4.4%) and Hispanics (5%) living near a
major road is higher than that of non-Hispanic Whites (3.1%). Exposure to traffic-
related pollution is also related to being born outside of the United States, speaking
Spanish, and poverty [50]. In a study that included Hispanic and African American
children from the US mainland and Puerto Rico, exposure to NO2, a traffic-related
air pollutant, in the first year of life was associated with greater odds for asthma [51].
A nationwide assessment of 100,000 schools found that those schools with predomi-
nantly Black students (>50%) were 18% (95% CI, 13-23%) more likely to be located
within 250 m of a major roadway compared to schools with more heterogeneous
student populations [52]. A possible detrimental synergistic effect exists between
psychosocial stress and susceptibility to air pollution in asthma [53]. A retrospective
cohort study among 413 children in Boston showed an elevated risk for asthma with
increased NO2 exposure for those subjects exposed to above-median violence as
compared to those exposed to below-median violence [54]. Furthermore, traffic-
related air pollution has been linked to allergic sensitization. Among 170 asthmatic
children from Fresno, California, in utero exposure to 8-hour daily CO was associ-
ated with increased risk of sensitization to at least one outdoor allergen [55].

Housing Quality and Indoor Allergens

In 2011, a survey comprising 33,201 American households with children aged
6-17 years showed that non-Hispanic Black heads of household have higher odds
of having a child diagnosed with asthma in comparison to non-Hispanic White
heads of household (OR 1.72,95% CI 1.50-1.96). Poor housing quality was associ-
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ated with asthma diagnosis (adjusted OR 1.45, 95% CI 1.28-1.66) [6]. Certain
housing types confer an elevated risk of asthma in urban areas. Among 5250 chil-
dren living in New York City, the reported prevalence of current asthma was highest
in public housing residents (21.8%) as compared to residents of private family
dwellings (7.38%). Those living in public housing reported a much higher presence
of cockroaches than residents of private family dwellings (68.7% vs. 21%). Minority
children, especially African Americans and Puerto Ricans, and children from low-
income households made up greater proportions of public housing residents com-
pared to Whites and Asians [56]. In another study in Baltimore, mouse allergens as
measured by mouse-specific IgE levels in children with asthma were associated
with poor asthma outcomes, but cockroach sensitization was not [57]. Sun et al.
found dampness (mold, floor moisture, water leakage) and living in small dwell-
ings/mobile homes to be a risk factor for asthma among children in Northeastern
Texas, with higher rates of asthma among African American children as compared
to Mexican American and white children. This study also reported a higher rate of
asthma among African American children compared to Mexican American and
White children [58]. These studies underline the significance of poor housing qual-
ity and possibly indoor allergens such as cockroach and mice that disproportionally
affect racial and ethnical minorities.

Environmental Tobacco Smoke

In 2016, 15.5% of US adults smoked cigarettes. Smoking rates vary widely among
racial/ethnic groups with American Indians and Alaska Natives having the highest
rates of 31.8%, followed by non-Hispanic Whites and African Americans with rates
around 16%, Hispanics with rate of 10.7%, and Asians with rate of 9%. Among
Hispanics, Puerto Ricans have higher rates of tobacco use than Mexican Americans.
Smoking is also more prevalent for individuals living below the poverty line [59].
Among 3766 Northeast Texan children, exposure to tobacco smoke was strongly
correlated with asthma and allergy. African American children were more often
exposed to tobacco smoke (31.3%) than non-Hispanic White children (20.8%) [58].
Children exposed to tobacco smoke in utero have a higher risk of developing asthma
and of having reduced lung function [60] In utero tobacco exposure has been shown
to be associated with poor asthma control in Black and Hispanic children 8—17 years
of age [61].

Vitamin D Deficiency

Vitamin D is an essential nutrient with immunomodulatory effects. Vitamin D defi-
ciency shares common risk factors with asthma such as urban residence, obesity, and
African American race. This has sparked interest in exploring the common link
between these two conditions [62]. The prevalence of vitamin D deficiency shows
large racial/ethnic differences. Using a cutoff of <30 ng/mL of 25(OH)D, the preva-
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lence of vitamin D deficiency was higher in non-Hispanic Blacks (97%) and Mexican
Americans (90%) compared to non-Hispanic Whites (71%) in a study published in
2004 [63]. A small case-control study in Washington DC among 106 African
Americans 6-20 years of age found that vitamin D deficiency (<30 ng/mL) was
associated with markedly higher odds of asthma (OR 42, 95% CI 4.4-399) [64].
Among 287 children with asthma in Puerto Rico, the odds of a severe asthma exac-
erbation was higher among children with a vitamin D level <30 ng/mL. The effect
was greater in nonatopic children (OR 6.2, 95% CI 2-21.6) than in atopic children
(OR 2.0,95% CI 1-4.1) [65]. This suggests a possible role of nonatopic mechanisms.
It was hypothesized that the protective effect of vitamin D is mediated by antiviral
properties, better steroid responsiveness, or lung development in utero [62].

Obesity

In 2016, the prevalence of obesity in the United States among adults was 39.8%.
The rate of obesity is significantly higher in Hispanics (47.0%) and non-Hispanic
Blacks (46.8%) compared to non-Hispanic Whites (37.9%), and it is lowest in
Asians (12.7%) [66]. Obesity is associated with asthma prevalence and asthma mor-
bidity with higher rates of asthma-related ED visits, hospitalizations, worse symp-
tom control, and higher need of controller medications [67-69].

In a study including African American and Hispanic children and adolescents,
the effect of obesity on asthma control varied with race/ethnicity and gender. In
boys, obesity was associated with poor asthma control, regardless of ethnicity.
Among girls, however, obese African Americans were more likely to have better
controlled asthma compared to nonobese (OR 0.65, 95% CI 0.41-1.05), while
Mexican American girls had a 1.91 (95% CI 1.12-3.28) greater odds of worse
asthma control [70]. In a study that included Puerto Rican children, increased body
mass index (BMI), percent body fat, and waist circumference were associated with
increased odds of asthma [71]. Akinbami et al. in contrast found most of the racial/
ethnic disparity in asthma prevalence unexplained by weight status. Using NHANES
data, from 1988-1994 to 2011-2014, he found that asthma prevalence increased
more among non-Hispanic Black (8.4—18.0%) than in non-Hispanic White indi-
viduals (7.2-10.3%) aged 2—19 years. Obesity was a risk factor for asthma in all
groups, and weight status did not modify the race/ethnicity association with asthma
over time [72]. Although there is mounting evidence that obesity increases asthma
risk in general, its effect in different racial/ethnic minorities is still controversial,
and further studies are needed.

Nativity Effect
The risk of asthma might depend on the place of birth and time of residence in the

United States. In Hispanics of Mexican origin, a nativity effect has been observed.
Using data from NHANES III and NHIS, Holguin et al. found that US-born Mexican
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Americans had higher rates of asthma compared to Mexican-born Mexican
Americans. Interestingly, prolonged time of residence in the United States increased
the prevalence of asthma in Mexican-born participants from 2% to 4% after 10 years
[73]. This suggests that cumulative environmental exposures or lifestyle changes
after immigration to the United States might constitute risk factors for developing
asthma. The majority of immigration from Mexico is derived from rural areas to
urban areas in the United States. In NHANES III and NHIS, those born in Mexico
and those who lived in urban environments in the United States amounted to 68%
and 55% of participants, respectively. The observed nativity effect and increase of
asthma prevalence with prolonged residence in the United States might be due to
risk factors encountered in urban areas such as ambient air pollution. The authors
propose a protective role of higher rates of childhood infections in rural areas in
Mexico that might confer an immunologic response, which fades over time [73].

A possible confounder may be a higher rate of asthma diagnoses due to better
health-care access with longer residence in the United States. In NHANES III, 54%
of Mexican-born participants with more than 10 years of residence in the United
States had a regular source for health care compared with 46% of those residing
fewer than 10 years in the United States. Additionally, for Mexican-born Mexican
Americans, refraining from seeking health care due to their legal status might
restrict health-care access [73]. However, Eldeirawi et al. found that the higher risk
of asthma associated with being born in the United States persisted for Mexican
American children after controlling for a regular place for health care [74]. Among
Mexican Americans, higher rates of asthma and wheezing have also been associated
with the degree of acculturation in the US and with an increase of obesity after
immigration. In those with more than 10 years of residence in the United States, a
BMI of 30 or greater was observed in 26% vs. 17% in those who resided fewer than
10 years in the United States. This increase in obesity might contribute to the higher
asthma prevalence in this population [75]. Further prospective studies are needed to
assess the temporal nature between asthma and place of birth.

Diagnosis and Management
Health-Care Access

Difficulties in health-care access contribute to disparities in allergic diseases,
including asthma, in racial/ethnic minorities. Risk factors might include avoiding
seeing a doctor regularly for asthma care for economic reasons [5], difficulties in
disease management due to language barriers [76], and low health literacy [77].
Cultural influences on disease perception, lower trust in controller medication [78],
and possibly, in health-care providers themselves [79, 80] might be contributory.
Having less access to regular care may lead to different health-care utilization pat-
terns with higher rates of ED visits and hospitalizations [5]. Among racial and eth-
nic minorities, undocumented immigrants in particular face challenges when
accessing health care [81].
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Language Barriers and Health Literacy

Language barriers contribute to a lower health-care access. In a survey among
1847 Hispanic children with asthma in New York City, those living in Spanish-
speaking families were twice as likely to be hospitalized for asthma (9.4% vs.
4.4%, P < 0.02) than children in English-speaking families. Spanish-speaking
households were more likely to be publicly insured, and parents were less likely
to have communicated with their child’s physician about recommended compo-
nents of an asthma management plan, such as the use of rescue medication during
an asthma attack and when to visit the ED [76]. In two inner-city clinics in East
Harlem, limited English proficiency was associated with poorer asthma control,
increased resource utilization, and lower quality of life scores. It resulted in lower
self-efficacy, greater worries about asthma, and lower adherence to controller
medication [82].

Inadequate health literacy and numeracy, and the mathematical knowledge
required to understand instructions of health-care providers, have been shown to be
risk factors for minority children. Among Puerto Rican children, low parental
numeracy was associated with increased odds of ED visits for asthma (adjusted OR
1.7,95% CI 1.03-2.7), and among those children not using inhaled corticosteroids,
hospitalization rates were significantly higher with low parental numeracy [77]. It
has been shown that some Mexican American parents of children with asthma face
difficulties in understanding common Spanish words used in clinical settings to
identify asthma, such as wheezing (sibilancia), and prefer using direct visualiza-
tions and sounds to describe symptoms [83]. A study of Shone et al. showed that
among parents of children with asthma in Rochester, NY, low health literacy was
associated with worry about their children’s health and with a greater perceived
asthma burden [84].

Perception of Asthma

Subjective perception of disease may vary by race/ethnicity [78]. In a study includ-
ing 739 participants, parents of Black and Hispanic children had lower expectations
for their child’s asthma and worried more about their child’s condition compared to
Whites. Parents of Hispanic children had higher levels of concern about medica-
tions for asthma [78]. Furthermore, the subjective perception of lung function has
been shown to differ between non-Hispanic White and Hispanic school-aged chil-
dren. Perceptual accuracy of peak flow measurements was higher among non-
Hispanic White children than in Hispanic children in Rhode Island, and for both
groups, the accuracy was higher than for children living in Puerto Rico. Lower
perceptual accuracy of lung function was associated with higher asthma morbidity
and health-care use for asthma [85]. The culturally influenced perception that
patients and their caretakers may have about asthma, including self-management
and medication use, must be taken into account by health-care providers to com-
municate effectively.
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Use of Controller Medication

The use of controller medication for asthma is lower among racial/ethnic minori-
ties [86, 87]. Using data on 2499 children with asthma, a cross-sectional analysis
for the periods 1988—2008 has shown lower use of preventive asthma medication
among non-Hispanic Black (adjusted OR 0.5, 95% CI 0.4-0.7) and Mexican
American children (adjusted OR 0.6, 95% CI 0.4-0.9) compared to non-Hispanic
White children [86]. The reason for this disparity is not well understood. However,
potential contributing factors are prescription patterns by health-care providers
[88] as well as patient-driven factors such as cultural beliefs [78], patient prefer-
ences, and economic factors that influence the affordability of medication and rou-
tine doctor visits [5].

In a study that included Puerto Rican children with moderate to severe asthma,
only 17% had used controller medications in the previous month [89]. Hispanic chil-
dren from Rhode Island showed lower levels of adherence to controller medication
than non-Hispanic White children. This was also the case for Hispanic children in
Puerto Rico. Adherence was associated with parental belief regarding medication
necessity and family routines around medications [90]. Furthermore, prescription pat-
terns of controller medication by health-care providers may play a role. Disparities in
dispensing asthma medication have been shown based on type of insurance coverage.
Among 41,308 children with asthma, privately insured families were dispensed sig-
nificantly more controller medication (48.3% vs. 12.0%) than publicly insured fami-
lies. The differences were pronounced for inhaled corticosteroids (24.4% vs. 6.7%) as
well as leukotriene modifiers and inhaled cromolyn (31.4% vs. 5.7%) [88].

Ethnic differences in response to controller medication have been proposed on
the basis of pharmacogenetic differences between Mexican Americans and Puerto
Ricans [91]. Susceptibility on the individual level interacts with environmental
risk factors. One such factor is chronic stress, which has been associated with
reduced expression of the f2-adrenergic receptor [47]. Among Puerto Rican chil-
dren with asthma, high perceived stress has been shown to be associated with
reduced bronchodilator response [92]. Further gene variations might contribute to
differences in response to bronchodilators among Hispanics, but confirmatory
studies are needed [91-93].

Health-Care Utilization

Racial and ethnic minorities have different health-care utilization patterns.
Hispanics, especially undocumented immigrants and those not proficient in English,
have been shown to be less likely to have a regular source of care [94, 95]. In a
national survey, Spanish-speaking Hispanics were nearly three times as likely as
Whites to report that their child did not have a usual source of care (OR 2.71,
P =0.020) [96].

Among minorities, alternative sources of health care are more utilized for asthma.
Black and Hispanic children visit emergency departments for asthma care more
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often than White children [5]. Using data from Medicaid claims in 14 southern
states, Malhotra et al. found a higher asthma prevalence and ED visit rate for Black
compared to White children. However, when analyzing different counties, he found
extensive geographic differences for both asthma prevalence and ED visit rates
between Black and White children. The Black-White rate ratios of ED visits ranged
from 0.25 in a county in Louisiana to 25.28 in a county in Kentucky. Of 556 coun-
ties included in the study, 68 showed ED visit rate ratios consistent with no racial
disparities [97]. Keet et al. found higher odds of ED visits for asthma in Black as
compared to White children (OR 3.02, 95% CI 2.29-3.99) [6]. In another study,
Keet et al. analyzed data on 16,860,716 children aged 5-19 who were enrolled in
Medicaid. Residence in inner-city areas and non-Hispanic Black race/ethnicity
were associated with increased risk of ED visits and hospitalizations due to asthma.
In contrast, Asian children had significantly fewer ED visits and hospitalizations
than non-Hispanic White children [36].

Atopic Dermatitis/Eczema

Atopic dermatitis affects around 25% of children and 2-3% of adults [98]. Common
comorbidities include food allergies, asthma, and allergic rhinitis. African Americans
are disproportionally affected by atopic dermatitis [10]. Mahdavinia et al. found
higher odds of having atopic dermatitis in African American and Hispanic children
compared to White children. African American children had higher odds for eczema
compared with both groups [9]. Risk factors for developing atopic dermatitis include
a positive family history for atopy and a loss-of-function mutation in the filaggrin
gene, and it has been associated with higher parental education [98]. No clear
environmental exposure has been conclusively identified, although living in urban
areas appears to increase the risk [99], while exposure to exotoxins, farm animals,
and dogs may be protective [98]. Among children in Northeast Texas, a residential
location in an urban area was a risk factor for eczema. In this study, African
Americans had a significantly higher prevalence of eczema compared to Whites or
Mexican Americans [58].

Wegienka et al. followed a cohort of African American and White children in the
Detroit Metropolitan area in the first 2 years of life. In this cohort, atopic dermatitis
was more common among African American than in White children (27.0% vs.
13.5%). African Americans also had higher total IgE levels and were more likely to
have at least one positive skin prick test or positive serum-specific IgE (sIgE). These
findings suggest that disparities in allergic diseases already exist at the age of 2 and
are possibly related to exposures early in life [100]. Fischer et al. found different
health-care utilization patterns for eczema care between non-Hispanic Black and
White children in 2-year longitudinal cohorts. Non-Hispanic Blacks were less likely
than Whites to report an ambulatory visit for eczema (adjusted OR 0.69, 95% CI
0.51-0.92). However, among those with >1 ambulatory visit for eczema, non-
Hispanic Blacks reported more visits and prescriptions than Whites. Thus, despite
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reporting fewer ambulatory visits, the utilization pattern in Blacks suggested more
severe disease. For Hispanic children, a similar trend was observed, but it was not
statistically significant [101].

Janumpally et al. found that compared to Whites, Asians/Pacific Islanders were
even more likely (OR 6.7, CI1 4.8-9.5, P < 0.001) than African Americans (OR 3.4,
CI 2.5-4.7, P < 0.001) to seek medical care for atopic dermatitis [102]. There is a
paucity of literature on atopic dermatitis in Asian Americans despite the seemingly
high prevalence of this condition. More research is needed to understand the
observed disparity in eczema prevalence in this group.

Food Allergy and Anaphylaxis

The estimated prevalence of food allergy in the United States is 8.96% overall and
6.53% among children. In childhood, the most common allergies are to milk
(1.94%), peanut (1.16%), and shellfish (0.87%), followed by egg (0.64%), tree nuts
(0.52%), fish (0.43%), wheat (0.29%), corn (0.28%), and soy (0.25%) [103]. African
Americans are at increased risk of likely/possible food allergy compared to Whites
[103, 104].

When analyzing data from the CDC for the period 1988-2011, Keet et al. found
an overall increase of food allergy prevalence of 1.2% per decade. However, the rate
of increase varied by race/ethnicity. The estimated increase in food allergy preva-
lence per decade among Black children was 2.1% (95% CI 1.5-2.7%) compared to
1.2% (95% CI 0.7-1.7%) among Hispanics and 1.0% (95% CI 0.4-1.6%) among
Whites. Until the late 2000s, Blacks reported food allergy with the same or lower
frequency than Whites, with more frequent reporting in general and as compared to
Whites thereafter [105]. Interestingly, in NHANES 2005-2006, sensitization to
food allergens based on sIgE levels was 8.4% among Black children, compared to
2.5% among White and 4.2% among Hispanic children [104]. In NHIS, self-
reported food allergy prevalence was 3.9-4.6% among Blacks, 4.3—4.8% among
Whites, and 2.5-3.1% among Hispanics. Although there seems to be a predisposi-
tion based on sIgE levels, the lower self-reported prevalence might reflect lower
recognition of food allergy in Blacks before the late 2000s or biologic differences in
the correlation of sIgE with clinical symptoms in different racial/ethnic groups [105].

Within a cohort of 817 children in 2 urban tertiary care centers in the United
States, Mahdavinia et al. showed that African American and Hispanic children
had higher rates of food allergy-associated anaphylaxis and emergency depart-
ment visits compared to White children. African American children had higher
odds ratios of having allergy to wheat, soy, corn, fish, and shellfish. The rates of
peanut, milk, and egg allergy were similar with lower rates of tree nut allergy as
compared to White children. Hispanic children had higher odds of allergy to corn,
fish, and shellfish [9]. In this study, minority children were more likely to have
Medicaid insurance and were lost to follow-up at earlier ages, possibly a reflec-
tion of difficulties in access to health care. The authors hypothesized that the
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observed racial/ethnic variation in food allergen profiles may be due to differ-
ences in food introduction practices as well as differences in diets. Taveras et al.
found that in African American and Hispanic infants, solid foods were more often
introduced before 4 months of age (34% and 41%) as compared to White infants
(13%). Additionally, exclusive breastfeeding at 6 months of age was significantly
lower in African American and Hispanic infants [106]. Likewise, allergenic foods
such as cow’s milk, egg, fish, and peanut were introduced at an earlier age in a
largely African American, urban, Medicaid-based population in Ohio than in a
predominantly White suburban privately insured population [107]. In contrast to
the assumption that early food introduction increases the rate of food allergy, the
authors of the Learning Early About Peanut (LEAP) study, which included 640
children between the ages of 4 and 11 months, found a protective effect of peanut
consumption during infancy. Of the children avoiding peanuts, 17.2% developed
peanut allergy by the age of 5 years, while this was the case in only 3.2% of the
children consuming peanuts [108].

Additionally, Mahdavinia et al. found higher rates of wheat allergy among
African American children compared to White children. Eliminating wheat prod-
ucts completely can be a significant financial burden for low-income families, rais-
ing the risk for accidental exposures for allergic children. The higher rates of wheat
allergy might thus contribute to higher rates of anaphylaxis and ED visits among
African Americans. Rates of corn allergy are higher in children of Hispanic ethnic-
ity than in White children. Thus, similar difficulties in eliminating corn-based prod-
ucts in families of Mexican origin might result in higher allergen exposure to
corn-allergic children [9]. Further studies correlating food ingestion at the time of
the food-related reaction are needed to confirm these hypotheses. Interestingly, the
observed elevated rates of shellfish allergy among African Americans and Hispanics
seen by Mahdavinia et al. might be contributed to tropomyosins from cockroach and
HDM allergens. African American and Hispanic children in inner-city areas are
exposed to higher levels of HDM and cockroach allergens [109, 110], which have
both been proposed to function as a sensitizer to shellfish due to a high degree of
homology [9, 111, 112].

In the period from 1999 to 2010, Jerchow et al. found 6.7% of all anaphylaxis-
related deaths in the United States to be caused by food allergies. African Americans
were most commonly affected with rates of 0.09 (95% CI 0.07-0.12) per million
cases compared to 0.04 (95% CI 0.03-0.05) per million in Whites and 0.02 (95% CI
0.01-0.03) per million in Hispanics. African Americans showed the largest increase
in anaphylaxis-related deaths due to food allergy over time. Except for venom-
induced anaphylaxis, African Americans were more likely to die from all causes of
anaphylaxis, including medication-related anaphylaxis, which accounts for the
majority (58.8%) of anaphylaxis-related deaths [8].

In summary, racial/ethnic disparities in food allergy are increasing over time
with higher rates of anaphylaxis among African Americans. Risk factors may
include individual genetic predisposition, early food introduction practices with
diet-specific sensitization patterns, exposure to indoor allergens, and differences in
health-care access and utilization patterns.
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Allergic Rhinitis/Hay Fever

According to data from the NHIS, allergic rhinitis (AR) was diagnosed in 19.9 mil-
lion adults and 5.6 million children as of 2017. In adults, the prevalence of AR was
highest among Whites (8.2%), followed by Asians (7.1%), and lowest in Blacks
(4.8%). For children, the prevalence was found to be similar in Whites, lower in
Asians (6.2%), and slightly higher in Blacks (5.3%) [113]. A study including
173,659 individuals in northern California found a higher risk in Asians compared
to Whites. Chen et al. found strongly elevated odds for hay fever for Asians com-
pared to Whites, with 1.5-fold excess odds for women and twofold excess odds for
men. Also, Asian men had a 30% increased odds of asthma with AR as compared to
White men. The prevalence of AR in Blacks did not differ significantly from that in
Whites. In this study, birthplace outside of the United States was associated with a
decreased risk of asthma and AR [114].

Allergic rhinitis is an independent risk factor for the development of asthma.
Approximately 38% of patients with AR have asthma and up to 78% of asthma
patients have AR [115]. Additionally, AR may function as a mediator for other risk
factors related to asthma. A study among Puerto Rican children found that AR
together with other markers of atopy such as skin test reactivity to cockroach signifi-
cantly mediated the association between obesity and risk of asthma [71]. Further
studies are needed to investigate the observed disparities in AR, especially among
Asian Americans, and to quantify comorbidities such as asthma in different racial/
ethnic groups.

Interventions to Address Racial and Ethnic Disparities
in Allergic Diseases in the United States

Addressing disparities in allergic diseases between racial and ethnic groups will
require a multifactorial approach at the levels of public health policy, health-care
providers, and individuals. Interventions should be aimed at decreasing risk factors
that disproportionally affect racial/ethnic minorities. These include campaigns to
reduce air pollution in inner-city areas, control indoor allergen exposure, promote
smoking cessation, and prevent violence in neighborhoods. Comorbidities should
be treated such as obesity, PTSD, and depression. Health-care providers should aim
to remove barriers to care by taking the patient’s language fluency and health liter-
acy into account. To foster adherence, health-care providers should inquire about
cultural beliefs and fears related to management, such as concerns about use of
controller medication for asthma [90]. Intervention programs that are culturally
adapted to racial/ethnic minorities have shown to be beneficial.

To address health literacy among minority children, a longitudinal intervention
program in Los Angeles taught asthma self-management skills to 110 minority chil-
dren in a weekly Saturday school format. The intervention resulted in a significant
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decrease in ED visits through higher self-efficacy and improvement in reading abil-
ity, while a reduction in hospitalizations was associated with higher self-efficacy but
not with improved reading ability [116]. Another asthma management intervention
addressed low-income Puerto Rican families with culturally specific educational
home visits. Children in families receiving the intervention were less likely to visit
the ED or to be hospitalized for asthma compared to a control group. Also, caregiv-
ers reported feeling less helpless and frustrated with their children’s asthma [117].

In an observational study, a culturally adapted 12-month intervention was con-
ducted among children with asthma in two housing projects in Puerto Rico. Through
home visits, community workers educated patients and caretakers about the reduc-
tion of allergen exposure including cockroach allergens and fostered the adherence
to controller medication. After a 1-year follow-up period, asthma-related hospital-
izations and ED visits were significantly reduced, and parents reported improved
symptom control [89]. The study design was adapted from earlier home-based envi-
ronmental interventions [118, 119] such as the Inner-City Asthma Study (ICAS), a
randomized-controlled trial that included predominantly Black and Hispanic chil-
dren with atopic asthma in seven US cities. Compared to the control group, those
who received regular home visits with education about exposure to indoor allergens
such as cockroach and house dust mites showed better symptom control of their
asthma during the intervention year (3.39 vs. 4.20 days, P < 0.001) and the year
after (2.62 vs. 3.21 days, P < 0.001). Further randomized-controlled trials are
needed to identify the effectiveness of culturally adapted interventions in racial and
ethnic minority groups [119].

While ancestral genetic factors may contribute to an increase in risk for allergic
diseases for racial and ethnic minorities, the current disease burden is likely caused
by interactions between individual predisposition and environmental exposures,
psychosocial stressors, and comorbidities. Barriers to health care intensify the
impact on health outcomes. The distribution of these factors is linked to historical
and current structural discrimination. To understand health disparities in allergic
diseases, the impact of structural discrimination on health should be further investi-
gated. The complex interaction between environmental exposures and individual
susceptibility on a genetic and epigenetic level will be of interest in future studies.
Lastly, a focus on culturally competent interventions to decrease detrimental envi-
ronmental exposures and improve health-care access and health management in
racial and ethnic minorities will be crucial.
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Chapter 4

Disparity in Access to Care and Its Impact
on Diagnosis and Outcomes of Allergic
Diseases

Nima Parvaneh

Introduction

Allergic diseases comprise a significant cause of morbidity worldwide and a consid-
erable burden on the health and medical systems [1]. Allergies affect a third of the
population and their prevalence is increasing globally [2-4]. However, there are
millions of people worldwide who do not have access to care by allergy specialists
[2]. Moreover, epinephrine auto-injectors (EAls), allergen-specific immunotherapy,
and new biologic drugs are not available in many parts of the world. Even in affluent
populations, there are enormous inequalities in access to allergic care. Health dis-
parities are breaches in the quality of health and health care across racial, ethnic,
and socioeconomic groups. Access to health care is strongly associated with socio-
economic features, including income, education, and employment [5-7]. There are
even more restrictions for access to health care among racial and ethnic minorities.
Ethnic and socioeconomic disparities in access to care in allergy practice are the
result of multiple factors working at the individual and community levels. Disparities
in access to appropriate medical care could result in different outcomes among spe-
cific groups [8, 9]. Much research has been conducted to understand allergic disease
disparities considering access to care and its consequences. In this chapter, we will
discuss these differential outcomes linked to access to care in multiple allergic dis-
eases including asthma, food allergy, atopic dermatitis, and hymenoptera (stinging
insects) allergy.
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Asthma Outcomes

Asthma is a common chronic lung disease affecting more than 8% of the adult and
nearly 10% of the pediatric population of the United States [10]. Extensive evidence
documents the significant differences in asthma prevalence by age, sex, race/ethnic-
ity, and socioeconomic status (SES) [11-16]. The emergence of disparities in access
to care and its health outcomes has been the topic of several studies during the last
two decades (Table 4.1).

Table 4.1 Studies evaluating disparities in access to care and its outcomes among asthmatics
during the last two decades

Study Population No Outcome measures | Reported findings

Grant et al. | 5-34 years - Asthma annual Higher standardized mortality

[69] NCHS data for mortality rates ratios were seen for blacks vs
mortality whites (3.34 vs 0.65), low vs
1991-1996 high educational level (1.51

vs 0.69), and low vs high
income (1.46 vs 0.71)

Lieuetal. |Children, the 1658 Several asthma After adjusting for

[37] American Academy outcomes sociodemographic variables
of Pediatrics (AAP) and asthma status, black and
Children’s Health Latino children were less
Survey for Asthma likely to be using inhaled

anti-inflammatory medication
than white children

Cabana <18 year children | 3163 Receiving care Compared with Medicaid

etal. [27] with asthma from specialist patients, both non-Medicaid
enrolled in a patients with copayment (OR,
university-based 2.52;95% CI, 1.85-4.43) and
managed care non-Medicaid patients
organization without any copayment (OR,
1998-2000 3.40; 95% CI, 2.35-4.93)

were more likely to receive
care from an asthma

subspecialist
Boudreaux | Adult asthmatics 1847 ED rates Black and Hispanic asthma
etal. [47] from Multicenter ED management | patients had a history of more
Airway Research Hospitalization hospitalizations than did
Collaboration rates whites (ever-hospitalized
(MARC) patients: Black, 66%;
1996-1998 Hispanic, 63%; white, 54%;

P <0.001; patients
hospitalized in the past year:
Black, 31%; Hispanic, 33%;
white, 25%; P < 0.05) and
more frequent ED use
(median use in past year:
Black, three visits; Hispanic,
three visits; white, one visit;
P <0.001)
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Study Population No Outcome measures | Reported findings
Gupta et al. | 5-34 years - Hospitalizations For children, there have been
[67] National Hospital Mortality notable increases in asthma
Discharge Survey B/W differences in
and the US vital hospitalizations and mortality
statistics system since 1980, whereas for
1980-2002 adults, the increase has been
smaller
Ferris et al. | National 3671 ICS usage Minority patients with asthma
[32] Ambulatory were less than half as likely
Medical Care as nonminority patients to
Surveys (NAMCS) have had a steroid MDI
prescribed during 1989-1990.
By 1995-1996, minority and
nonminority patients with
asthma were equally likely to
have had a steroid MDI
prescribed. Although
differences between black
and white patients resolved,
differences between white
and Hispanic patients
persisted even after adjusting
for insurance
Kruse et al. | Children 37,216 | ED rates, ED ED rates among black NH
[44] 1-19 years admissions and children were 3.4 times
Asthma ED and hospitalization higher and almost twice as
hospitalization rates high among Hispanic children
rates in New Jersey compared to white NH
2004 and 2005 children.
Hospitalization rates were 3.3
times higher among black NH
children and 1.9 times higher
among Hispanic children
compared to white NH
children. The ED and
hospitalization rates were
highest among the youngest
children (ages 1-4)
Peters et al. | Adults, 1315 HCU, defined as Medicaid insurance is not
[51] TENOR ED visits and/or associated with increased
2001-2003 hospitalization HCU in patients with severe

asthma once demographic
factors have been taken into
account but remains modestly
associated with poorer asthma
control

(continued)
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Study

Population

Outcome measures

Reported findings

Stingone
and Claudio
[20]

5-12 years
2002-2003

5250

Allergy testing

The frequency of a reported
allergy diagnosis varied with
race/ethnicity, ranging from
14.4% in Mexican American
children to 67.9% in white
children. Only 54.9% of
asthmatic children with an
allergy diagnosis reported
allergy testing. Children from
lower-/middle-income
households and children with
public forms of health
insurance were the least likely
to report testing (adjusted
ORs, 0.18 and 0.46)

Ginde et al.
[43]

Data from the
National Hospital
Ambulatory
Medical Care
Survey 1993-2005

6850

ED visits

The overall asthma-related
ED visit rate per 1000 US
population was highest
among the following groups:
age <10 years (13), women
(7.2), black subjects (19),
Hispanic subjects (7.1), and
subjects in the Northeast (9.2)

Haselkorn
et al. [72]

>18 years
TENOR study
2001-2004

2128

Multiple asthma
outcomes in
severe-to-treat
asthma

Blacks were more likely to
have severe asthma and to be
treated with 3 or more
long-term controllers. Poorer
quality of life, more asthma
control problems, and higher
risk of emergency department
visits were observed in blacks
compared with whites

Chandra
et al. [60]

Children and adults
hospitalized with a
physician diagnosis
of acute asthma at
30 hospitals in 22
US states

1232

Inpatient care and
discharge plan

There were no significant
racial/ethnic differences in
the choice of inpatient
medications or length of stay
among either children or
adults. At hospital discharge,
Hispanic children were less
likely to receive an asthma
action plan (37%) compared
to white children (60%) or
black children (63%;

P <0.001)

Stingone
and Claudio
[38]

Children

A parent-report
survey conducted
in 26 randomly
selected New York
City public
elementary schools

912

Usage of
long-term
controller
medication

Children of Spanish-speaking
parents, African American
children, and children with no
health insurance were the
least likely to use long-term
control medication (ORs:
0.51, 0.49, 0.20, respectively)
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Study

Population

No

Outcome measures

Reported findings

Gorman and
Chu [9]

Adults

Behavioral Risk
Factor Surveillance
System [BRFSS]
2004

133,509

Four measures of
asthma-related
medical care

Considerable racial/ethnic
differences in asthma-related
problems and medical care
are also present, with Asians
doing as well or better than
whites, while blacks,
Hispanics, and especially
Native Americans report more
asthma-related problems and
medical care use

Roy et al.
[49]

Data from the
Mississippi Asthma
Surveillance
System

2003-2005

4242

Asthma
hospitalization risk
factors

Asthma hospitalization rates
were significantly higher
among all demographic
groups in the rural Delta
region compared with the
urban Jackson Metropolitan
Statistical Area (P < 0.001).
In both regions,
hospitalization rates were
higher among blacks and
females (P < 0.001) Asthma
hospitalization rates were
highest among children
(0-17 years) and older adults
(>065 years). In both regions,
blacks were more likely to
have three or more asthma
hospitalizations (P < 0.001).
Residents of the Delta had
higher odds for multiple
hospitalizations controlling
for race, sex, age, and
household income (P < 0.05)

Galbraith
et al. [35]

Children with
persistent asthma

563

ICS prescription

No racial differences in ICS
prescription

Children with persistent
asthma are less likely to
receive inhaled steroids if
they receive care in
community health centers or
hospital clinics

Piper et al.
[29]

0-17 years
National Health
Interview Survey
(NHIS)

2000

1630

Utilization of
health-care
services

It was found that black
children were highly
associated with not visiting a
general doctor in the past

12 months (OR 0.47; 95% CI
0.30, 0.75). Uninsured
asthmatic children were
associated with the risk of not
seeing a general doctor in the
past 12 months (OR 0.40;
95% C10.23, 0.69)

(continued)
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Study

Population

Outcome measures

Reported findings

Piper et al.

[23]

<18 years
National Health
Interview Survey
2002-2003

3102

Having an asthma
management plan

Whites were significantly
more likely than non-
Hispanic blacks and
Hispanics to have an asthma
management plan (OR, 1.66;
P =0.0031). In this study,
children who reported
Children’s Health Insurance
Program (CHIP) coverage
were twice as likely to have
an asthma management plan
(OR, 2.67; P =0.0004)

Largent
etal. [16]

Children

0-14 years living in

Orange County
2000-2007

ED visits
Hospital
admissions

Rates of asthma hospital
admissions and ED visits
were highest among children
aged 0-14 years, males, and
African Americans and
lowest among Asian/Pacific
islanders

Rates of hospital admissions
and ED visits were
significantly higher in
low-SES groups

Gold et al.

[73]

12-year-old
asthmatics
Asthma Insights
and Management
(AIM) survey
2009

2493

Asthma control

Having lower annual income
was associated with asthma
that was classified as partly or
uncontrolled. Additionally,
subjects/parents who owned
their own homes and who
were employed had higher
rates of well-controlled
asthma compared to subjects/
parents who did not own their
own homes or who were
unemployed at the time of the
survey. Having a high-school
education or less was
associated with asthma that
was classified as
uncontrolled. Finally, not
having health insurance was
associated with uncontrolled
asthma compared to patients
who did not have health
insurance; similarly, having
little or no trouble paying for
health-related expenses was
associated with well-
controlled asthma
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Study Population No Outcome measures | Reported findings
Akinbami | 0-17 years - Trends in asthma | Analysis with at-risk rates,
et al. [66] NCHS data outcomes: which account for differences
2001-2010 Asthma attack in asthma prevalence, showed
prevalence that disparities in asthma
ED rates outcomes remained stable
Hospitalizations (deaths), decreased (ED
deaths visits, hospitalizations), or did
not exist (asthma attack
prevalence)
Venkat et al. | 18-54 years old 1785 ED care utilization | Non-Hispanic blacks with
[61] adults from increased chronic asthma
Multicenter Airway severity were only as likely
Research (P > 0.05) as non-Hispanic
Collaboration whites or Hispanics to utilize
(MARC) study, controller medications or see
2011-2012 asthma specialists before ED
presentation and to be
prescribed recommended
inhaled corticosteroids at ED
discharge.
Kharat et al. | >4 years asthmatics | 1469 ICS prescription | Hispanic patients aged
[34] from 18 years or older had 43%
Medical lower odds (OR, 0.6; 95% ClI,
Expenditure Panel 0.3-0.9) of having a receipt
Survey (MEPS) of an ICS prescription
data compared with non-Hispanic
2009 white patients, independent of
other factors. There was no
significant difference in
receipt of an ICS prescription
between Hispanic and
non-Hispanic white children
with asthma (aged
4-17 years)
Mitchell Children 273 Five morbidity African American patients
etal. [31] Patient registry data outcomes: had worse asthma morbidity
from Baltimore, Hospitalization than their white counterparts,
Maryland ICU admission including higher rates of ICU
2007-2010 FEV1, FEV1/FVC | admission, worse asthma

Asthma control

control, and poorer lung
function as indicated by lower
FEV,

(continued)



104

Table 4.1 (continued)

N. Parvaneh

Study

Population

Outcome measures

Reported findings

Glick et al.
[55]

2-18 years

US Nationwide
Inpatient Sample
2007-2011

97,379

Mortality
LOS
Total costs

Native American race, older
age (13-18 years), and West
region were significant
independent predictors of
mortality. Intubation rate was
lower in Hispanic compared
with white children

(P =0.028). LOS was shorter
in Asian compared with white
children (P = 0.022) but
longer in children with public
insurance and from low-
income areas (P < 0.001).
Average costs were higher in
black, Hispanic, and Asian
compared with white children
(P <0.05)

Beck et al.
[63]

1-16 years

Greater Cincinnati
Asthma Risk Study
cohort

695

Time to asthma-
related
readmission

African American children
were 2.26 times more likely
to be readmitted than white
children (95% CI, 1.56-3.26).
The addition of biologic,
environmental, disease
management, and access
variables resulted in 80% of
the readmission disparity
being explained

Silber et al.
[52]

3-18 years
Medicaid Analytic
eXtract (MAX)
database
2009-2010

11,079
pairs

Revisits,
readmissions,
LOS, and ICU use

Ten-day revisit rates were
3.8% in black patients versus
4.2% in white patients

(P =0.12); 30-day revisit and
readmission rates were also
not significantly different by
race (10.5% in black patients
versus 10.8% in white
patients; P = 0.49). LOS was
also similar

However, ICU use was higher
in black patients than white
patients (22.2% versus
17.5%; P < 0.001)

Zhang et al.
[45]

2-17 years
Asthma Call-Back
Survey (ACBS) in
2006-2010

5535

ED visits

Minority children with
current asthma had higher
risks of ED visits compared
with white children in 2009
and 2010, e.g., the prevalence
ratio (PR) (95% CI) for black
children in 2009 was 3.64
(1.79, 7.41)
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Study

Population

Outcome measures

Reported findings

Franklin
et al. [48]

6—17-year-old
children with
persistent asthma
lived in
metropolitan
Atlanta, Georgia
2016

276

Predictors of ED
visit

ED use was
disproportionately higher in
black (38.7%) vs white
(26.1%) children (P = 0.04)
and children with public
(40.4%) vs private (23.4%)
insurance (P = 0.005),
irrespective of race

In white children, an ED visit
in the previous year and
sensitization to dust mites and
pets were associated with ED
use during the study period.
White children were also
more likely than black
children to report having a cat
(27.5% vs 9.5%, P =0.001)
or dog (58.2% vs 34.3%,

P <0.001) inside the home.
However, in black children,
the variables associated with
ED use during the study
period included an ED visit in
the previous year, the number
of asthma controller
medications, FEV1 less than
80% predicted, blood
eosinophil count greater than
4%, and mold sensitization

Trent et al.
[62]

Random sample of
2-54 years old
asthmatics from
Multicenter Airway
Research
Collaboration
(MARC)
2011-2012

913

Provision of
guideline-
concordant asthma
care in the hospital
and after discharge

NHB children were
significantly less likely to
receive a written asthma
action plan (OR 0.48; 95% CI
0.31-0.76) than NHW
children. In contrast, among
adults, we found no
statistically significant
difference in the provision of
asthma action plan.
Additionally, we found no
difference in the provision of
a new inhaled corticosteroid
prescription or referral to
asthma specialist among
children or adults

(continued)
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Study Population No Outcome measures | Reported findings
Hughes 6-17 years 33,201 | ED visits Non-Hispanic black heads of
et al. [50] American Housing household had a higher odds
Survey of having a child diagnosed
2011 with asthma in the home in
comparison to non-Hispanic
white heads of household
(OR 1.72, 95%CI 1.50-1.96),
and a higher odds of ED
visits for asthma (OR 3.02,
95%CI 2.29-3.99)
Trivedi Study of parent 647 Family-provider | Black children had fewer
et al. [30] surveys of interactions visits in the previous
asthmatic children 12 months for asthma than
within the white children: OR 0.63 (95%
Population-Based CI 0.40, 0.99). Additionally,
Effectiveness in black children were less
Asthma and Lung likely to have a written
Diseases Network asthma treatment plan given/
2011 reviewed by a provider than
their white peers, OR 0.44
(95% C10.26, 0.75)
Washington | 8-15 years 544 Several asthma African American race and
etal. [8] Chicago Initiative outcomes Hispanic/Latino ethnicity
to Raise ASTHMA were significantly associated
Health Equity with all outcomes when
(CHIRAH) cohort compared to whites.
Adjusting for
sociodemographic factors
resulted in the most
significant mediation of
racial/ethnic disparities in all
outcomes
Guilbert 6-11 years 348 Asthma control Black children had higher
etal. [71] The Epidemiology ED visits geometric mean IgE levels
and Natural History Long-term steroid | (434.8 vs 136.8 IU/mL;
of Asthma: use P <0.001), were more likely
Outcomes and to have very poorly controlled
Treatment asthma (72.1% vs 53.4%),
Regimens use long-term systemic
(TENOR) corticosteroids (30.2% vs
2001-2004 9.2%; P < 0.001), have poorer

quality of life (5.5 vs 6.1;

P <0.001), and have an
emergency department visit
(27.4% vs 1.7%, P < 0.001)
in the 3 months before month
12. Differences in asthma
control and the severity of
exacerbations persisted even
after accounting for all
confounding factors
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Study Population No Outcome measures | Reported findings

Zook etal. | 2-18-year-old 1755 30-day ED revisits | African American (adjusted

[46] children presented Steroid OR, 1.78;95% CI, 1.40-2.26)
to EDs in the upper administration and Hispanic (aOR, 1.64;
Midwest Ordering 95% CI, 1.22-2.22) patients
2011-2012 radiology tests had higher odds of receiving

steroids compared with
whites. African Americans
(aOR, 0.58; 95% CI,
0.46-0.74) also had lower
odds of radiological testing
compared with whites. Asians
had the lowest odds of 30-day
ED revisits (aOR, 0.26; 95%
CL 0.08-0.84)

B/W, Black/white; CI, Confidence interval; ED, Emergency department; HCU, Health care utiliza-
tion, ICS, Inhaled corticosteroid; /CU, Intensive care unit; LOS, Length of stay; MDI, Metered
dose inhaler; NHB, non-Hispanic black; NHW, non-Hispanic white; OR, Odds ratio

Successful asthma management includes proper diagnosis of allergic sensitiza-
tions using allergy testing. Allergy testing can be used to tailor allergen avoidance
directions and guide some patients to receive immunotherapy [17-19]. These could
have beneficial effects on the health outcomes of asthma. However, there is a gap to
receive proper allergy diagnosis among different racial and income groups. A study
described that Mexican American children, children from lower-/middle-income
households, and those with public forms of health insurance were the least likely to
report allergy testing [20].

Asthma management plans are an essential component for the long-term treat-
ment of pediatric asthma and beneficial for self-management [21-23]. Having an
asthma management plan is also associated with fewer asthmatic episodes [24].
Receipt of specialty care by asthmatic children can affect cost and quality of care
and is associated with substantial reductions in asthma emergency department (ED)
visits and hospitalizations [25, 26]. Poor and Medicaid-covered children have sig-
nificantly lower odds of receiving asthma subspecialty care [27, 28].

Racial disparities exist in access to health-care services among asthmatic chil-
dren. Black children with asthma are seen less frequently by asthma providers and
are less likely to have a written asthma treatment plan reviewed than white children
with asthma. This can impact the morbidity gap between black and white asthmatic
children [29-31]. Moreover, uninsured asthmatic children are less likely to visit a
doctor and receive preventive care [23, 29]. Another important factor is whether
there are racial disparities related to asthma decision-making during outpatient vis-
its [30]. Inhaled corticosteroids (ICS) are the most efficient controller medications
for patients who have persistent asthma [32]. Studies assessing ICS usage among
racial minorities have reported conflicting results. Some studies described that black
and Hispanic patients are less likely to receive a prescription for ICS [33, 34].
However, other studies did not find a significant racial difference in receiving an
ICS prescription [35].The disparity in receipt of ICS prescriptions might also be
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attributed to racial differences in health beliefs and fears about steroids [36].
Moreover, younger asthmatics are less likely to receive a prescription for ICS medi-
cations [33, 34]. Insured patients have higher odds of having a receipt of an ICS
prescription compared with uninsured patients [34, 37, 38].

Poor asthma control is associated with increased ED visits, hospital admissions,
and significant medical costs [39]. Asthma-related ED visits present a measure of
the asthma burden and morbidity [40]. ED visits add significantly to the financial
burden of asthma, costing as much as five times more per visit than outpatient office
visits for asthma [41, 42].

There is growing evidence of the presence of racial disparities in ED visits and
hospitalization rates among patients with asthma in all age groups with more ED
rates and inpatient admissions documented for minority groups [43—46]. ED rates
and hospitalizations are higher among black non-Hispanic and Hispanic children
compared to white non-Hispanic children [44, 45, 47-50]. Extremes of age are also
risk factors for more frequent asthma-related ED rates [43, 44, 49]. Gender dispari-
ties reported being different in various studies. ED visits and hospitalizations are
more common for females in Mississippi but less common for females living in
Orange County [16, 49]. Living in rural and some geographical areas produces a
gap in ED rates as well [43, 49]. ED rates and hospital admissions are higher among
asthmatics who are not insured or use public insurances than those who have private
insurances [16, 48].

Analysis of data from large observational TENOR (The Epidemiology and
Natural History of Asthma: Outcomes and Treatment Regimens) study showed that
Medicaid insurance is not associated with increased health-care utilization in
patients with severe asthma once demographic factors have been taken into account
but remains modestly associated with poorer asthma control [51]. Interestingly, in
patients with Medicaid, race does not influence revisits, readmissions, or deaths,
and blacks are found to have only a small, but significant, difference in ICU use [52].

Some factors may explain the disparities in asthma-related ED visits [45]. Patients
with different sociodemographic factors may have variable exposure to environmen-
tal risks, such as living in households with poor air quality [53, 54]. The other pos-
sible explanation is a disparity in access to health care across race/ethnicity [55, 56].

Even with equal access to health care, the underlying health beliefs, attitudes,
and educational level may trigger different health-care usage behaviors among
patients and/or caregivers [57, 58].

Background socioeconomic factors also contribute to ED rate disparities. For
example, there is an inverse relationship between income levels and ED visits
among adults with asthma [12, 59]. Despite declining trends of pediatric asthma ED
visits and hospitalizations, these rates are significantly higher in children living in
low-SES areas [16].

Despite inequities in ED rates, the quality of care for a patient seen in the ED for
asthma and the decision to admit the patient are the same regardless of race/ethnic-
ity [44].

ED admission rates are similar across race/ethnicity groups. However, there are
differences in the diagnostic and therapeutic interventions [44, 47, 60, 61]. In the
ED setting, children from minority racial/ethnic groups were more likely to receive
steroids and less likely to receive radiology tests than white children [46].
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Another significant disparity in asthma care is the provision of the discharge
plan, provision of a new prescription of an ICS, and referral to an asthma specialist.
Non-Hispanic black and Hispanic children are significantly less likely to receive a
written asthma action plan than non-Hispanic white children [60, 62]. After asthma-
related ED admission, African American children are more likely to be readmitted
than white children. However, up to 80% of this disparity is explained by biologic,
environmental, disease management, and access to care variables [63, 64].

Adverse asthma outcomes, such as hospitalization and death, are mostly prevent-
able, but rates are higher among some minority children than among white children
[65-68].

Racial/ethnic disparities in asthma mortality rates are well described [69, 70].
Black and Native American races are independent risk factors of asthma mortality
in different studies [55, 66, 67, 69]. Low SES is also contributing to asthma mortal-
ity independent of race [69].

A recent study analyzing US Nationwide Inpatient Samples for 2007-2011 stud-
ied factors associated with mortality and morbidity in children hospitalized for
asthma [55]. Native American race, older age (13-18 years), and the West region
were significant independent predictors of mortality. Hospital length of stay was
shorter in Asian compared with white children but longer in children with public
insurance and from low-income areas. The average costs were lower in white chil-
dren compared with other ethnicities.

A large study on national datasets from the National Center for Health Statistics
(NCHS) disclosed that population-based rates show stable or increasing racial dis-
parities in asthma outcome. However at-risk rates which account for differences in
asthma prevalence show stable mortalities and decreasing ED rates and hospitaliza-
tions gaps during recent years [66]. The TENOR study documented worse outcome
measures in black patients compared with whites in both children and adults. Black
asthmatics were more likely to have very poorly controlled asthma, use long-term
systemic corticosteroids/several controllers, and have a more inferior quality of life
[71, 72]. Using a large population of US asthma patients, Asthma Insights and
Management (AIM) study demonstrated that poorly controlled asthma was strongly
associated with indicators of low SES [73].

Differences in asthma-related health outcomes in different racial groups despite
accounting for the demographic features and SES substantiate the role of other fac-
tors such as physiologic differences and pharmacogenetics [66, 71]. Ancestry seems
significantly associated with lung function; African Americans have smaller lung
function compared with whites [74]. Moreover, black subjects with asthma have
been shown to require higher concentrations of glucocorticoid to suppress the acti-
vation of T-lymphocytes, suggesting that black subjects have a racial predisposition
to reduced glucocorticoid response [75].

Food Allergy Outcomes

Childhood food allergy (FA) is a significant public health issue resulting in rela-
tively high rates of severe allergic reactions and ED visits [76].
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Recent large-scale epidemiologic studies suggest that there may be higher rates
of FA in some ethnic/racial groups independent of household income or other atopic
comorbidities [77-79].

Several studies examined FA-associated hospital admissions or ED events to
assess potential ethnic/racial disparities. These studies demonstrated variable results
from no ethnic differences to higher rates of food-induced anaphylaxis in black
children [80-84].

Potential racial disparities exist in access to care which may create underdiagno-
sis/misdiagnosis of a potential FA and may daunt the ability to receive proper care
[85]. This could significantly underestimate the rate of FA within certain population
segments (Table 4.2).

A large study assessing knowledge about FA among caregivers noted a sig-
nificant difference in correctly identifying the signs of a reaction, identifying

Table 4.2 Studies evaluating disparities in access to care and its outcomes among patients with
food allergy

Outcome
Study Population No measures Reported findings
Hannaway | Students from 3 | 21,875 | Amount of Males were more likely to be
et al. [88] Massachusetts dispensed EAI dispensed injectable epinephrine
school districts among than females (odds ratio [OR],

schoolchildren 1.44; P < 0.02). Whites were more
likely to have been dispensed
injectable epinephrine than
nonwhites (OR, 4.76; P < 0.001)

Soller et al. | Canadian study | 105,96 |Position of EAI | Individuals with allergy residing in

[90] on the a household where the respondent
prevalence of FA was married/living with a partner
2008-2009 were more likely to have an EAI:
Probable group (OR, 3.8; 95%
CIL, 1.4-9.1)
Diagnosed group (OR, 3.6; 95%
CIL, 1.1-9.4)
Johns and | Data from the 26,021 | Access to health | Black respondents with food
Savage [87] | 2011-2012 care and food allergy were significantly more
NHIS among subjects | likely to have low food security
with FA (OR, 2.15;95% CI, 1.30-3.53), to

have problems paying family
medical bills (OR, 1.68; 95% CI,
1.09-2.59), and to have trouble
affording prescriptions for the
child (OR, 2.40; 95% CI,
1.14-5.05), and Hispanic
respondents with food allergy were
significantly more likely to have
trouble affording follow-up care
(OR, 3.02; 95% CI, 1.34-6.81
compared with white respondents
with food allergy
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Study

Population

No

Outcome
measures

Reported findings

Shah et al.
[89]

Students from
89 HISD schools
2010-2011
school year

69,310

Presence of EAI
in school

When considered simultaneously,
both SES (P <0.001) and
proficiency of the English
language (P < 0.01) were found to
be independently associated with
the number of epinephrine
injectors

Szychlinski
etal. [91]

Illinois state
schools
2012-2013

460
school
nurses

School nurses’
responses to FA
emergencies

Rural schools were least likely to
have a written plan or protocol to
outline staff procedure in the event
of a severe allergic reaction (59.4%
of respondents working at rural
schools were aware of a written
plan or protocol vs 81.7% for
suburban vs 71.9% for urban,

P <0.0019). Additionally, rural
schools were least likely to report
undesignated epinephrine policies
(35.6% of rural, 47.5% of
suburban, and 64.0% of urban
schools, P < 0.005)

Bilaver
et al. [92]

US caregivers
with a food
allergic child
2011-2012

1643

Economic
impacts of FA

Children in the lowest-income
stratum incurred 2.5 times the
amount of emergency department
and hospitalization costs as a result
of their food allergy than
higher-income children ($1021,
SE = $209, vs $416, SE * $94;

P <0.05). Costs incurred for
specialist visits were lower in the
lowest-income group ($228,

SE =+ $21) compared with the
highest income group ($311,

SE + $18; P < 0.01) as was
spending on out-of-pocket
medication costs ($117, SE =+ $26,
lowest income; $366, SE + $44,
highest income; P < 0.001)

Mahdavinia
et al. [79]

2 FA patient
cohorts followed
at RUMC and
CCHMC

717

Disease
phenotype and
disparities in
health-care
utilization

55%, 18%, and 11% of African
American, Hispanic, and white
children were covered by
Medicaid, respectively

(P <0.00001). Compared with
whites, African American and
Hispanic children had a shorter
duration of follow-up for FA with
an allergy specialist and higher
rates of FA-related anaphylaxis
and ED visits (P < 0.01)

CCHMC, Cincinnati Children’s Hospital Medical Center; CI, confidence interval; EA/, Epinephrine
auto-injector; FA, Food allergy; HISD, Houston Independent School District; OR, Odds ratio;
RUMC, Rush University Medical Center; SE, Standard error; SES, Socioeconomic status
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FA triggers, and recognizing the need for food avoidance in parents of different
races [86]. Another national study showed that parents of black children had
significantly lower odds of receiving a formal diagnosis of FA by a physi-
cian [76].

Recent studies suggest there might be a barrier to accessing health care and food
in children with FA, particularly among nonwhite children. Poor access to health
care and food might increase morbidity, especially among minority children, by
imposing poor nutrition and delayed treatment for allergic reactions.

A US large national survey examined access to health care and food among
subjects with FA [87]. Even after adjusting for income and education, black
respondents with FA were significantly more likely to report low food security
and trouble affording prescriptions, and Hispanic respondents with FA were sig-
nificantly more likely to report trouble affording follow-up care compared with
white respondents.

There is a need to apply strategies to provide better access to outpatient spe-
cialist care for all children with FA, especially those from lower income fami-
lies with lower access to care [85]. Some studies evaluate the possession and
usage of EAI as an indicator of access to care for severe FA reactions. It seems
that there are socioeconomic, gender, racial, and geographical inequities in
access to EAIL

A study of Massachusetts school students showed that white schoolchildren
were six times more likely to be dispensed EAIs than all other races [88].
Moreover, males were more likely to be dispensed injectable epinephrine than
females.

Another study conducted in the Houston independent school district (HISD)
showed both socioeconomic status and proficiency of the English language to be
independently associated with the availability of EAls in schools [89].

A Canadian national study demonstrated that individuals with allergy residing
in a household where the respondent was living with a partner were more likely to
have EAIs. Furthermore, children and females were more likely to have an
EAI [90].

A study conducted in Illinois schools uncovered geographical disparity in the
implementation of FA guidelines and access to undesignated epinephrine [91].
Nurses from rural schools reported the least experience with FA reactions and were
least likely to recall a written policy for handling of FA emergencies.

Finally, the disparity in health-care utilization depicted as access to insurances
and the availability of specialty care endanger children with FA from some minor-
ity groups.

Low-income children experience higher costs for ED visits and hospitalization
and spend less on specialty care [92]. Compared with whites, African Americans
and Hispanic children with a higher rate of Medicaid coverage have a shorter dura-
tion of follow-up for FA with a specialist and higher rates of FA-related anaphylaxis
and ED visits [79].
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Atopic Dermatitis

Atopic dermatitis (AD) is a chronic inflammatory skin condition that classically
develops during infancy and early childhood. AD occurs worldwide with different
prevalence, showing higher rates in Africa and Oceania, as opposed to India and
Northern and Eastern Europe [93].

In the United States, AD prevalence is higher in African American (AA) children
compared to European American (EA) children. AA children are three times more
likely to be diagnosed with AD during a dermatologist visit; however, they are less
likely to seek dermatological care [94, 95]. The association between race/ethnicity
and AD persistence is limited and shows conflicting results [96, 97]. Results of a
recent American cohort demonstrate that compared with non-Hispanic whites,
Hispanics and non-Hispanic blacks with early childhood AD are more likely to have
persistent disease into mid-childhood [98].

Considering access to medical care, non-Hispanic black children show low rates
of overall health-care use for AD, but more outpatient visits and prescriptions for
AD, suggesting a greater disease severity [99].

In the American population, ED visits for dermatological care are more often
seen in black and Hispanic patients compared with white patients [100]. Moreover,
hospitalization for AD and increased costs are more likely to occur in patients with
nonwhite race/ethnicity, a lower income, and public or no insurance [101]. These
differences may be due to the higher prevalence of and more severe AD and/or less
access to appropriate outpatient care. Unfortunately, there are little data on the effi-
cacy of conventional therapies for AD in nonwhite ethnic groups [102—-104].

Less than 60% of AD clinical trials published between 2000 and 2009 included
race and ethnicity as baseline information. Only about 10% of studies considered
race or ethnicity in the final interpretation [104].

Emerging ethnic groups with different epidemiologic, clinical, and molecular
differences have important, but limited therapeutic cues [94]. Topical anti-
inflammatory drugs are the mainstay treatment for AD. There is some concern that
the use of topical corticosteroids in darker skin types may worsen hypopigmenta-
tion; however, hypopigmentation is more likely related to postinflammatory changes
than a medication effect [105]. However, topical calcineurin inhibitors showed no
difference in treatment outcome among ethnic groups [106, 107].

Pharmacogenetic and pharmacokinetic differences among various populations
may affect the optimal dose and side effects of systemic immunomodulators used in
AD [105].

Narrowband (NB)-UVB, which is used in severe AD, requires higher doses in
more pigmented skin types [108—110], but UVA1,which is an alternative for treat-
ing acute AD, does not require dose adjustments between different skin types [111,
112]. Recent Phase III trials of dupilumab (a fully human monoclonal antibody
targeting the shared a-subunit of the IL-4 and IL-13 receptors) in moderate-to-
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severe AD showed comparable results among white, black, and Asian individuals
[113-115]. These new medications are associated with very high cost and need
close access to specialty care. Therefore, differential use of them will inevitably
impact the outcome and persistence of AD and could be the underlying cause of the
observed disparities in outcome of AD. Furthermore, due to its chronicity and fluc-
tuating symptoms, treatment and outcome of AD are closely linked to support and
rapport provided by physicians and health-care providers which is another potential
factor impacting the outcome of disease that can be impacted by inequity in
health care.

Stinging Insect Allergy

Many adults and children experience systemic reactions to Hymenoptera stings
each year.

It is recommended that patients with systemic reactions to venom receive an
epinephrine auto-injector and be referred to an allergist [116]. A study showed that
males were more likely to have been given epinephrine auto-injector for stinging
insect allergy than females [88]. Whites were nearly nine times more likely to have
been dispensed EAI than nonwhites. Venom immunotherapy (VIT) by an allergist is
indicated for confirmed cases of IgE-mediated systemic reactions to Hymenoptera
venom [117]. Recent venom shortage due to a manufacturing delay of a leading
supplier had an international impact on VIT practice [118, 119]. There is a potential
for the emergence of disparities in access to VIT among different groups under this
situation; however, no study has addressed it yet.

Conclusion

Access to equal health care is a prominent and unfair contributor to allergic disease
disparities. Racial disparities persist in health-care access and quality of care in
multiple settings. Low-income and impoverished populations utilize emergency
department facilities more frequently for allergy-related needs as they have lower
access to outpatient specialty care; however, this is not optimal care, and the prob-
lem goes beyond that. Racial inequalities in the use of urgent care were reported to
exist even after controlling for accessibility and socioeconomic factors. This dif-
ferential health-care utilization has resulted in poor outcome across all allergic
conditions.

Effectively addressing disparities in allergy care requires a collective effort that
includes the full range of public health and health-care systems. Moreover, it calls
for the development and implementation of individualized programs intended to
educate affected families considering their cultural and socioeconomic setting.
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Chapter 5
Disparity in Rhinitis and Rhinosinusitis

Alicia T. Widge and Anjeni Keswani

Nancy

Nancy is a 47-year-old white, single mother who is admitted to the medical inten-
sive care unit (MICU) for significant respiratory distress and sepsis. Nancy lives in
a small town in Pennsylvania with her four children where the closest hospital is
almost 1 hour away. She has suffered from nasal polyps, asthma, and recurrent
infections since she was 20 years old. For as long as she can remember, she has been
unable to breathe well. It is almost impossible for her to breathe through her nose
and she has no sense of smell. She suffers from recurrent sinus infections and recur-
rent “bronchitis.” In the past year, her asthma was severely uncontrolled despite
several courses of prednisone which she received from repeated ER visits. She saw
an ear, nose, and throat (ENT) specialist 2 years ago who told her that she needed to
undergo surgery for her nasal polyps and gave her two nasal sprays; however, it
seemed nearly impossible to undergo the procedure, particularly because she would
need almost five visits to the ENT office around that time and it is 65 minutes away
from her work. She was also evaluated by an allergist/immunologist who ordered
laboratory tests, as she suspected that there was something wrong with Nancy’s
immune system. However, she could not complete the blood work, as she had to
head back home to her children. Her situation became more complicated when she
lost her insurance coverage 1 month later. Nancy along with six other employees at
the small supermarket where she worked was laid off when the supermarket went
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out of business. Since then, she has worked two part-time jobs but does not have
insurance and can hardly afford her medications. Yesterday, after a long day at work,
while feeling feverish and suffering from headaches and shortness of breath, she
drove herself to the ER. She was found to have severe pansinusitis, pneumonia, and
low oxygen saturation. She was transferred to a tertiary care hospital in Pittsburgh
and was admitted to the MICU.

Introduction

Rhinosinusitis is symptomatic inflammation of the paranasal sinuses and nasal cav-
ity [1]. This condition is extremely common affecting one in eight adults in the
United States with direct costs exceeding 11 billion dollars annually [1].
Socioeconomic, racial, and health insurance disparities are prevalent in the United
States, and socioeconomic disparities are linked with higher mortality and worse
health status [2]. Given the high prevalence and economic impact of rhinosinusitis,
health disparities are likely to have a large effect on vulnerable populations. While
disparities in patients with rhinosinusitis are underresearched and poorly under-
stood, differences have been noted. Rhinosinusitis can be classified into acute ver-
sus chronic with etiologies including viruses, bacteria, environmental and seasonal
allergens, and fungal triggers. The impact of health disparities on each will now be
discussed.

Acute Rhinosinusitis

Acute rhinosinusitis (ARS) is defined as symptomatic inflammation of the nasal
cavity and paranasal sinuses that lasts for less than 4 weeks [1]. ARS is extremely
common in both adults and children with an estimated 20 million cases annually in
the United States [3] and nearly a million pediatric visits in ambulatory and hospital
settings [4]. ARS can be due to viral or bacterial etiologies, and differentiation has
been the focus of recently renewed efforts to avoid overtreatment with antibiotics.
Complications including orbital or intracranial infection are rare, and most ARS
visits are uncomplicated and can be managed in an outpatient setting with support-
ive care or oral antibiotics. Despite this, there are over 500,000 ED visits for ARS
annually [5]. The prevalence of ED visits for ARS is associated with health insur-
ance type and patient race independent of socioeconomic status. Both children and
adults with Medicaid and self-pay utilize the ED more often than patients with pri-
vate insurance [5, 6]. Multiple studies have shown an association between poor
access to primary care and presentation to the ED for non-urgent conditions. Patients
with lower socioeconomic status and those who are uninsured, underinsured, or
have Medicaid tend to lack access to outpatient care, resulting in unnecessary ED
utilization [7-9]. Medicaid and uninsured populations use overall less care for acute
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rhinosinusitis, but present disproportionately to the ED overnight and on weekends
for uncomplicated ARS, indicating that barriers to healthcare access are likely to
blame for ED overuse among these populations [10]. Using the ER for conditions
that can be managed in the outpatient setting has an economic impact on overall
healthcare spending and costs to individuals in terms of direct ER costs and indirect
costs of lost time and productivity.

The reasons for differing ER utilization by insurance type for ARS is not clear;
however, there is evidence to suggest that it is not related to disease severity.
Medicaid patients have similar ARS symptomatology and levels of pain compared
to privately insured patients; thus, symptomatology alone does not account for their
disproportionate ED use. Furthermore, no difference was found in quality of care by
insurance status to explain this increased ED utilization. Medicaid and self-insured
patients received the same quality of care, and Medicaid patients spent more time
with their doctor during visits for ARS than those with private insurance. Therefore,
barriers to outpatient care are likely related to impaired access to primary care and
after-hours outpatient care [11].

There are also differences in ER utilization for ARS by race. African American
patients more likely present to the ED, even after adjustment for other socioeco-
nomic variables [5]. There are racial differences in symptomatology. African
American and Hispanic patients are more likely to have atypical symptoms with a
lack of classic sinonasal symptoms than white patients. This may make it more dif-
ficult for these patients to accurately identify the source of their symptoms and
result in their seeking ED care more commonly [12]. Symptomatology alone is
unlikely to explain these racial differences, which are likely a combination of envi-
ronmental differences, affordability, and access to care, genetic differences in dis-
ease progression, and cultural factors.

Complications of ARS are rare but can include preseptal or orbital cellulitis,
orbital or subperiosteal abscesses, and intracranial complications like cavernous
sinus thrombosis, intracranial abscesses, and meningitis. Children from higher
socioeconomic status experience more frequent complications from acute bacterial
sinusitis, but Medicaid and self-pay patients, markers of low socioeconomic status
(SES), have higher intracranial complications, which are more severe [13]. Since
patients with Medicaid and self-pay status are likely to have decreased access to
primary care and timely preventative care [14, 15], they may be presenting with
more severe manifestation of this disease. Children from low-income families with
Medicaid or no health insurance are less likely to receive preventative care and
therefore are more likely to present at advanced disease stages for a variety of con-
ditions [16, 17]. Diagnostic imaging varies by SES with individuals from smaller
metropolitan areas and lower median income significantly less likely to get a CT
scan in the ED for sinusitis [18, 19].

There is some conflicting evidence regarding health disparities and ARS, and at
least one study did not find a statistically significant association between acute
sinusitis resource utilization and charges and insurance status or race [20] and
another study which did not find differences in rates of surgical intervention in chil-
dren based on SES or race [21].
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Chronic Rhinosinusitis (CRS)

Chronic rhinosinusitis (CRS) is a common chronic disease affecting 2—16% of the
population [22], and pediatric CRS affects 2.1% of children [23]. Symptoms
include nasal obstruction, mucopurulent drainage, facial pain and pressure, and
hyposmia lasting at least 12 weeks with evidence of nasal inflammation on exami-
nation or imaging [1]. CRS is most prevalent in adults between the age of 40 and
64 years and is more common in women (59%) than in men and in patients with
asthma, chronic obstructive pulmonary disease, and allergic sensitization. Patients
with CRS have significantly diminished quality of life with negative impacts on
sleep quality, cognition, mood, and psychologic functioning [24]. Symptoms can
be debilitating resulting in loss of productivity [25] and missed days of work and
school with high individual and societal costs, particularly as CRS tends to affect
patients within their most productive work years [24, 26]. There are geographic
differences in CRS, which is more common in the Midwestern and Southern
United States compared to the Northeastern and West [22]. The etiology of CRS
is a combination of atopy, immune dysregulation, microbiome, and impaired
mucociliary clearance with the end result of uncontrolled inflammation. As CRS
is a common chronic medical condition that entails significant direct costs of
medical visits, diagnostic expenses, medical therapy, and surgical costs in addi-
tion to indirect costs of lost productivity and work absenteeism, disparities may
significantly impact racial minorities and socioeconomically disadvantaged
populations.

Currently Existing Disparities in Rhinosinusitis

There are racial and ethnic differences in insurance status, specialist visits, and
treatments for patients with CRS [27]. African American adults have the highest
frequency of sinusitis (13.8%) and highest rates of work absenteeism (23%). More
Hispanics and African Americans with CRS are uninsured and are more likely to
delay medical care because of cost-related concerns compared with white and Asian
adults [27]. White patients are more likely to have been seen by a specialist or
received surgical treatment [27].

Social determinants of health are associated with utilization of tertiary care rhi-
nology services. In children with CRS, white and privately insured patients are most
likely to be seen by a tertiary care center otolaryngologist. Income, education level,
insurance status, and white race were found to be associated with tertiary rhinology
utilization, though the only independent predictor was education level [28]. White
patients are more likely than African Americans to be seen by a specialist or receive
surgery despite having similar rates of sinusitis [27]. These differences may be due
to differences in access, perception of disease severity, or differences in the course
and presentation of the disease [29].
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In terms of differences in disease severity, lower SES is associated with higher
subjective CRS symptomatology [30]. Hispanic patients report statistically signifi-
cant worse baseline scores on the Rhinosinusitis Disability Instrument after control-
ling for socioeconomic factors; however, they did not report comparatively worse
scores on the Chronic Sinus Survey (CSS) instrument, CT, or endoscopy [27].
Improvements in olfactory function and quality of life after surgical intervention
also vary by SES with patients with the highest household income more than twice
as likely to experience a clinically meaningful QOL improvement [31].

Similar to ARS, there are conflicting studies that do not show differences. One
study did not find disparities in severity and previous medical management with
regard to race/ethnicity, education status, or income level as determined by zip code;
however, this was a disproportionately white population that self-referred to a ter-
tiary care center in Massachusetts, a state which has higher than average insurance
levels [32].

A recent systematic review concluded that there is a distinct association between
CRS and low SES. This study also concluded that poor housing conditions with
older housing, more environmental pollutants, and dampness are also associated
with CRS prevalence and severity. The association between education level and
CRS was less clear [33].

Overall, while data are limited, current evidence indicates that there are both
racial and socioeconomic differences in the prevalence and treatment of CRS, and
racial disparities are still seen even when controlling for socioeconomic variables.

Allergic Sensitization

Allergic sensitization is an important contributing factor to both chronic and acute
rhinosinusitis. In CRS especially, there is a high prevalence of allergic sensitization
to aeroallergens (50-85%) [34—38]. There are racial and socioeconomic differences
in aeroallergen sensitization. A small number of studies have reported differing
aeroallergen sensitization patterns with African American children and adults expe-
riencing more sensitization to both food and aeroallergens than white patients; how-
ever, there is little consistency in which aeroallergens are most prevalent, and little
is known about sensitization rates in other racial and ethnic minorities. One study
done in Atlanta found that aeroallergen sensitization profiles differed between
African American and white children after controlling for socioeconomic variables
and geographic residential features by zip code. In white children, dust mite sensi-
tization, pet sensitization, and a higher prevalence of indoor pet ownership pre-
dicted ED use, whereas in African American children, mold sensitization predicted
ED use [39]. Another study of middle-class children in Suburban Detroit also found
that African American children were more likely to be sensitized than white chil-
dren to ragweed and bluegrass. This study compared children of similar socioeco-
nomic status living in the same suburban city [40]. Another study found that in
children with asthma, Puerto Rican ethnicity is associated with an increased risk of
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sensitization to indoor and outdoor allergens including cockroach, dust mite, mixed
grass pollen, and mugwort/sage. They also found that African Americans have
higher sensitization to outdoor allergens that included mixed tree and grass pollen,
mugwort/sage, and ragweed [41].

African American women are more than twice as likely to be sensitized to at least
three aeroallergens than white women. African American and Hispanic women
were also found to be more likely to have asthma; however, they were less likely to
have seasonal allergic rhinitis and eczema than white women [42]. Another study
supported these findings that African American women were more likely than white
woman to be sensitized to aeroallergens and have higher total IgE levels and a diag-
nosis of asthma, but are less likely to have seasonal allergic rhinitis and eczema than
white women. These associations persisted after controlling for socioeconomic and
environmental variables [43].

The etiology of these differences and the roles of genetics, socioeconomic, and
other factors that contribute to these observed differences is not well understood, but
current evidence and scientific reasoning do not indicate that genetics plays an over-
whelming role in observed racial disparities [44]. Environmental exposure is a
likely causal candidate; however, in many studies, differences persist even after
adjusting for key environmental factors like allergen and endotoxin levels in home
dust [44].

Allergic Fungal Rhinosinusitis (AFRS)

Several studies have found that allergic fungal rhinosinusitis (AFRS) is more com-
mon and more aggressive in African American males [45] with a higher incidence
of AFRS in African American, uninsured, and Medicaid patients even after adjust-
ing for socioeconomic factors such as insurance, education, and income [46].
Furthermore, African American adults have more severe symptoms from allergic
fungal sinusitis, tend to present later in disease course, and have greater improve-
ment after surgery than white patients [47]. However, other studies have not found
an association with bone erosion and low SES [48]. A more recent study in a larger
cohort found that disease severity was associated with lower SES by county level,
but not by race, indicating that there are likely contributions of poor-quality housing
and access to healthcare [49].

Conclusion and Final Remarks

There are many limitations to the current evidence on rhinosinusitis and health dis-
parities. Only a small number of studies have been longitudinal, and there is a lack
of standardized definitions, databases, and methods used to identify trends [33].
National administration databases, for example, the Nationwide Emergency
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Department Sample database, Kids’ Inpatient Database, and the National Hospital
Ambulatory Medical Care Survey, do not report actual income level, but rather infer
medical income level of the child’s zip code. Much of the research to date utilizes
ICD-9 coding, which can introduce biases due to incorrect coding. Most databases
do not include data from all 50 states, and many are limited to a single city or geo-
graphic area, limiting generalizability [50]. There are significant differences in
study methods, definitions, and measures used for SES and databases from which
information was drawn, making it difficult to fully generalize findings [33].

Despite these limitations, the data still show important trends. Several studies
have shown that there is a clear link between low SES and the prevalence and inci-
dence of rhinosinusitis [33]. It is well known that economically advantaged patients
have greater access to medical care and greater health literacy and that minorities
and those with lower SES tend to delay medical care due to cost-related concerns,
job security, and transportation concerns. Rhinosinusitis is an incredibly common
condition with significant potential morbidity; therefore, health disparities are likely
to have a large effect. The reasons behind these racial and SES differences are not
completely clear. Controlling for socioeconomic factors like income, education, and
insurance status will often account for some, but not all of, health differences by
race [51]. Given the lack of true biological differences by race to account for this
difference, there is likely residual confounding from undefined variables [27].

In case of our patient, Nancy, her disease poor outcome and significant morbidity
could have been prevented by proper treatment and follow-up which were impacted
by SES-related obstacles and low resources. Increasing our understanding of the
existence of health disparities in the prevalence, treatment, and complications of
rhinosinusitis can shape treatment decisions and affect patient outcomes.
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Chapter 6
Disparities in Food Allergy

Ulyana Trytko, Hassan A. Ahmad, Leena Padhye, and Mary C. Tobin

Case History

Mike is a 6-year-old African American boy with moderate persistent asthma who
presents to the emergency department with severe swelling of his face and tongue,
shortness of breath, stridor, and hypotension. On arrival, his blood pressure is 90/40,
heart rate is 98 beats per minute, respiratory rate is 25 breaths per minute, and oxy-
gen saturation is 88% on room air. On physical exam, he appears lethargic and is
unable to speak. He also has wheezing in all lung fields. Intramuscular epinephrine,
diphenhydramine, and methylprednisolone are administered as anaphylaxis is sus-
pected. Supplemental oxygen and intravenous fluids are also started. As he contin-
ues to appear lethargic with no improvement in oxygen saturation, he is emergently
intubated and placed on mechanical ventilation. Once stabilized, you approach an
anxious-appearing young woman standing near his bedside. You soon learn that this
young woman is Mike’s older sister, Kathia, who is 18 years old. She tells you that
their mother is at work for another 5 hours and she has not been able to reach her.
You learn that Mike has five siblings, all raised by a single mother, of whom Kathia
is the oldest. Kathia informs you that Mike was diagnosed with peanut allergy sev-
eral years ago but has been unable to follow up with his doctor. He has had multiple
episodes of severe reactions since diagnosis due to accidental ingestion of different
foods that possibly had peanuts in them. The older sister expresses frustration with
herself, stating “I should have looked at the ingredients closer.” You wonder how to
prevent another episode of anaphylaxis, whether he will survive another severe
reaction and if other undiagnosed food allergies may be present.
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Introduction

Food allergy is defined as an adverse health effect originating from a reproducible
immune phenomenon on reexposure to a given food. The reaction typically occurs
within minutes of ingesting the food due to recognition by food-specific IgE anti-
bodies [2]. This adverse health event can range from very mild symptoms like pru-
ritus and minimal swelling of the lips to a potential life-threatening event,
anaphylaxis. When estimating the true prevalence of food allergy, it is important to
recognize the difference between food allergy and food sensitization. According to
the National Institute of Allergy and Infectious Disease, food sensitization occurs
when an individual has made a specific IgE antibody to a food allergen but does not
have clinical symptoms consistent with an allergic reaction after ingesting this food
allergen [3]. Currently, the most common food allergens to cause food allergy
include milk, egg, wheat, soy, peanut, tree nuts, shellfish, and fish [4]. While aller-
gies to milk, egg, wheat, and soy may decrease with age, allergies to peanut, tree
nuts, shellfish, and finfish typically persist into adulthood [4]. Increasing serum IgE
to a specific food suggests a lower probability of outgrowing that food allergy over
time, while decreasing levels imply a more likely resolution [4].

Currently Existing Disparities in Food Allergy

Prevalence

Food allergy prevalence has been increasing significantly over the last decade in the
United States and worldwide. The prevalence appears to be related to multiple fac-
tors including geography. The current US data shows that the estimated patient-
reported food allergy prevalence is about 8%, after excluding patients whose
reaction history was inconsistent with an I[gE-mediated reaction [1]. Keet et al. dem-
onstrated that self-reported prevalence of food allergy in children increased 1.2 per-
centage points (95% CI 0.7-1.6) per 10-year period between 1988 and 2011 [5].
Prescott et al. launched a survey utilizing a standardized questionnaire via the World
Allergy Organization including 89 countries in Europe, Asia, Oceania, the Americas,
Africa, and the Middle East in an attempt to estimate the prevalence of FA world-
wide. In infants and preschoolers, occurrence ranged from 2.5% to 5% in Sweden,
France, Japan, and Taiwan to a high of 10% in Finland and Canada. In children
older than 5 years, there was marked variation among countries with reports of
10-15% in Italy, Ghana, Columbia, Lithuania, Iceland, Tanzania, and Mozambique
to less than 5% in Kenya, France, Estonia, Israel, and Australia [6]. There are many
variables in these studies which can contribute to the wide range of FA prevalence.
The HealthNuts study from Australia found an interesting correlation that might
help explain the variation in FA prevalence. They demonstrated that high rates of
food allergy were correlated to egg allergy in infancy [7]. It is thought that perhaps
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relating the specific food antigens commonly seen in a particular country to various
geographic areas may provide additional insight for the FA differences [8].

Discrepancies in prevalence among various racial and ethnic groups have also
been recognized. One report found the increase in self-reported food allergy
prevalence in the last two decades varied by race: Non-Hispanic Blacks experi-
enced 2.1% increase per decade compared to 1.2% among Hispanics and 1.0% in
non-Hispanic Whites [5]. In a systematic review of multiple studies, Black chil-
dren have been identified as more likely to have food allergy and sensitivity, but
study limitations prohibited a definitive conclusion [2, 9]. Black patients do have
a higher rate of self-reported food allergy as opposed to White patients [2, 5].
This finding suggests that genetic and environmental factors, including dietary
influences and socioeconomic status, play a role in the immune-pathogenesis of
food allergies. These influences may, in turn, play a role in the racial disparities
reported in the literature. For instance, Taveras et al. showed a significant differ-
ence in breastfeeding rates and timing of introduction of solid foods among
White, Black, and Hispanic children. Solid food introduction prior to 4 months
of age was more common among Black and Hispanic children as opposed to
White [10]. Environmental differences in exposure also appear to play a role in
the expression of food allergy. Exposure to house dust mite and cockroach aller-
gens, widespread in inner cities, appears to impact sensitization to shellfish and
finfish [11, 12]. There is a high sequence homology identified between tropo-
myosin from fish and shellfish and house dust mites and cockroaches [12, 13].
This connection suggests that inhaled tropomyosin from cockroach and house
dust mites act as sensitizers for fish and shellfish allergy which is often seen
among minorities in inner cities. Exploring such dietary and environmental con-
nections, in addition to genetics, can help us to better understand causes of food
allergy and influence preventive strategies.

As mentioned earlier, understanding specific FA as it impacts multiple ethnic
groups might give us clarity related to prevalence. In a retrospective review of a
cohort of low-income minority patients from East Harlem, Taylor-Black and
Wang reported peanut allergy prevalence was the highest at 1.6%, followed by
allergies to shellfish (1.1%), tree nut (0.8%), egg (0.8%), milk (0.5%), fish
(0.3%), fruit (0.3%), soy (0.2%), and wheat (0.06%) [14]. In this same study,
anaphylaxis was seen in 15.1% of patients with peanut allergy, 12.5% with fish
allergy, 11.1% with milk allergy, and 10.4% with tree nut allergy. The authors
also found that Black children had significantly higher rates of allergy to peanut,
shellfish, and tree nuts than Hispanic and multiracial children [14]. In a self-
reported telephone survey, shellfish allergy was reported at a higher rate among
Black than White individuals (3.1% vs 1.8%) [15]. Similarly, Branum et al.
showed that non-Hispanic Black children had a significantly higher proportion of
sensitization to shrimp, milk, and egg than non-Hispanic White children [16].
Mahdavinia et al., however, found that while peanut, egg, and milk allergy was
similar among Black, Hispanic, and White children, rates of allergy to shellfish,
corn, and fish were significantly higher in Hispanic and Black children [17].
These findings are crucial to explore further as the aforementioned foods are
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staples in these communities and thus difficult to avoid, particularly for low-
income families. Furthermore, evaluation of these disparities in food allergy may
lead to decreased accidental exposures and anaphylaxis rates in vulnerable
groups [18].

Outcomes Related to Disparities in Food Allergy

Morbidity

The current approach to avoiding emergency room visits and hospitalizations is
based on allergen avoidance and education on proper treatment of reactions [4].
Black and Hispanic patients have been found to have significantly higher odds of
emergency room visits for food-induced reactions than White children [18]. A pre-
vious study found major discrepancies in injectable epinephrine dispersion rates
among different races. White students were more likely to have been dispensed
injectable epinephrine than non-Whites; this relation was also found for children
with peanut, tree nut, and stinging insect allergy [19]. In another study, Medicaid-
enrolled children presenting to the emergency room with food-induced anaphylaxis
were less likely to receive epinephrine before the arrival to the emergency room
than patients who were self-pay or had private insurance [12]. These findings are
important as early treatment with epinephrine for food-induced anaphylaxis is asso-
ciated with lower risk of hospitalization [20] which ultimately results in less patient
morbidity and lower societal costs for treatment of food allergy.

Food Allergy-Related Anaphylaxis Hospitalizations for anaphylaxis have
increased fourfold among young people in recent years [21]. Multiple studies have
evaluated the risk of anaphylaxis among minorities and found increased risk among
Black patients. Jeschow et al. showed that Black females are at a nearly twofold
greater risk of food allergy-related anaphylaxis than Caucasian females and that
males are at a threefold greater risk than their Caucasian counterparts [22]. This was
also found in a study by Mahdavinia et al.: Black and Hispanic children had signifi-
cantly higher rates of food-induced anaphylaxis than White children [17]. Further, a
retrospective review of death certificates from the US National Mortality Database
showed a higher rate of food-related anaphylaxis fatalities among Blacks compared
to Caucasians [22]. Minority patients are at increased risk of food allergy-associated
anaphylaxis compared to White patients. The exact cause of this observation is
unclear. While it is plausible that minority patients may have increased exposure to
accidental ingestions and thus greater chance for anaphylaxis to occur, it is also pos-
sible that there may be a distinct pathophysiology based on genetic factors that
presents as a more severe phenotype. In addition, Taylor-Black and Wang found that
while about 80% of food-allergic low-income minority patients have an epinephrine
auto-injector prescription, only 40% had a food allergy emergency action plan [14].
This shows that while high-risk patients may have a lifesaving tool at their disposal,
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the educational component may be lacking and explain the higher rates of anaphy-
laxis reported. It appears that the absence of long-term allergy follow-up and the
lack of food allergy action plans with instructions for the use of epinephrine auto-
injectors may all contribute to the higher rate of anaphylaxis in low-income patients.

Cost

Due to the direct and indirect costs to families and the healthcare infrastructure, it is
clear that food allergy is an important public health matter. In 2011-2012, food
allergy prevention and treatment cost an estimated $25 billion dollars [18]. These
costs fall disproportionately on lower-income families. Individuals living in many
inner cities are predominantly Black and Hispanic, and these areas are known to
have lower household median incomes compared to suburban and rural areas. The
median urban household income in the United States with a householder under the
age of 25 is $25,656 [23]. Children from lower-income homes have been shown to
spend more on emergency department visits and hospitalizations related to food
allergy and less on out-of-pocket costs when compared with children from higher-
income households [18]. Moreover, families with lower median incomes often lack
the financial means to access allergen-free foods to prevent allergic reactions [18].
The higher spending on acute visits, compared to preventative, as well as inability
to afford allergen-free foods suggests that financial factors play a significant role in
food allergy disparities [24].

On the other hand, it was noted that the odds of food allergy were significantly
lower in households with an income less than $50,000 [24]. While this finding may
seem surprising, it is important to take into account that it is from a cross-sectional
survey which may include individuals with undiagnosed food allergy. Supporting
this finding, McGowan et al. found that poverty was protective for perceived food
allergy and food allergy had the lowest prevalence in urban neighborhoods when
compared with suburban [25].

Reasons for Food Allergy Health Disparities

One may ask whether the hygiene hypothesis, access to the healthcare system, low
recognition of disease importance, and underreporting of disease play a role in these
findings. A study with Canadian patients suggests that underreporting of FA is
occurring. The authors demonstrated that when reporting food allergies, 6.4% of
patients without a college education reported food allergy [95% CI, 5.5-7.3%] ver-
sus 8.9% of those with a college education [95% CI, 7.7-10%] [26]. Additionally,
inner city children tend to have earlier exposure to solid foods than recommended
by the American Academy of Pediatrics; this early exposure could potentially be
protective against food allergy development [27]. Protective factors versus under-
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reporting of food allergy are important to study as these findings may impact
delegation of resources to help prevent and treat food allergy. Moreover, low spend-
ing on out-of-pocket costs implies poor outpatient follow-up with subspecialists.

Access to the healthcare system may also be a factor contributing to disparities
in food allergy. Taylor-Black and Wang found that the prevalence of food allergy
among Black patients was significantly higher when compared with Hispanic and
multiracial patients (4.7% vs 2.7%) [14]. Interestingly, Black, Asian, and Hispanic
children have been shown to not only have a higher prevalence of food allergy but
also lower odds of being diagnosed by a physician [21]. In more detailed studies, it
was found that Black and Hispanic children have similar initial evaluations and
referral rates to allergy specialists as White children [17]; however, they have shorter
duration of follow-up with an allergist [17]. Patients with Medicaid also had signifi-
cantly shorter duration of follow-up [17]. Less follow-up implies less visits where
key tenants of food allergy management can be discussed and reinforced (i.e., food
avoidance, use and storage of epinephrine auto-injector on the individual, etc.).
Shorter follow-up has been shown to negatively affect food allergy outcomes and
increase food allergy-related anaphylaxis and death [17]. Families who are not able
to follow up frequently may have less healthcare literacy regarding new research
findings as well as emerging treatments. As an example, the findings of the LEAP
study have been adapted into a formal consensus statement issued by the NIH on
prevention of peanut allergy in the United States. Those families who do not regu-
larly follow up with an allergist or pediatrician may be unaware of these new recom-
mendations to introduce peanut early in order to decrease the chance of peanut
allergy. As we have already discussed previously, low-income minority children
appear to have high rates of peanut allergy or sensitization; thus, early application
of these guidelines for such children could be crucial in decreasing food allergy
burden in both the individual and society. It is apparent that there is a crucial need
for implementation of strategies to provide access to subspecialty care for all chil-
dren with food allergy.

Several plausible explanations for these findings are worth exploring such as
limited access to the healthcare system and lack of education about food allergies in
certain communities. These become even more relevant when taking into consider-
ation that almost 40% of children with food allergies have been shown to have a
severe life-threatening reaction [21].

Comorbid Allergic Conditions

Food allergy is associated with multiple other atopic disorders, such as asthma and
atopic dermatitis. Allergic reactions to food can result in life-threatening asthma
attacks, leading to hospitalization, intubation, and death [28, 29]. Black and Hispanic
children are known to be at higher risk for both atopic dermatitis and severe asthma,
resulting in increased risk of emergency department visits [30]. A recent study
investigating the relationship between food allergy and asthma in an urban school
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system showed that asthmatic children with food allergies have a higher risk of
hospitalizations and use of controller medications [31]. Food allergic asthmatic
children also had lower lung function including lower FEV1 percentage and FEV 1/
FVCratio [31]. With regard to ethnic disparities, Mahdavinia et al. found that Black
children with food allergies had significantly higher odds of comorbid asthma and
atopic dermatitis [17]. These findings illustrate the importance of screening children
with one atopic disorder for others in order to prevent morbidity and mortality in
these children.

Disparities and Their Potential Impact on Future Directions:
Prevention of Food Allergy

While no specific cause of food allergy has been identified, certain associations
have been noted with subsequent hypotheses. It is thought that food allergies
develop in infants when there is skin disruption, such as atopic dermatitis. This
disruption allows allergens to enter the body and can lead to sensitization [32].
Although this is a plausible explanation, it does not explain development of food
allergy in children and adults without disruption in the skin barrier.

The Learning Early about Peanut Allergy (LEAP) trial explored early introduc-
tion of peanut as a peanut allergy prevention strategy for infants at high risk of
developing peanut allergy. High-risk infants were defined as those having severe
eczema, egg allergy, or both. In LEAP, early introduction of peanut in these high-
risk children significantly decreased the frequency of peanut allergy [33]. Since this
trial, many healthcare providers promote introduction of allergenic foods at an ear-
lier age in an effort to prevent the development of food allergy.

Timing of allergenic food introduction is unfortunately not the only factor
impacting development of food allergy. Breastfeeding has also been associated with
lower rates of food allergy development [34, 35]. Racial minorities, including
Blacks and Hispanics, have lower rates of breastfeeding partially due to multiple
socioeconomic and educational barriers. This may be one factor contributing to the
increased allergic prevalence in this population [36]. Another interesting caveat to
explore is that sensitization or elevated level of serum-specific IgE to a particular
allergen does not equate to clinical food allergy, as mentioned previously. The
National Institute of Allergy and Infectious Disease states that once a specific IgE
(sIgE) is made to a particular food, an individual is considered sensitized to that
food, but he or she may not have clinical symptoms consistent with an allergic reac-
tion after an ingestion of this particular food [3]. Several studies mentioned previ-
ously determined the prevalence of food allergy based on sIgE levels. For example,
Kumar et al. examined food sensitization using allergen sIgE in the Boston Birth
Cohort, a predominantly minority cohort. Self-identified Black race and African
ancestry were associated with food sensitization (Black race OR 2.22 [95% CI
1.20-4.11]; African ancestry OR 1.07 [95% CI 1.02-1.13]) [37]. Specifically,
African ancestry but not self-identified Black race was found to be associated with
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peanut sensitization with peanut sIgE >5 [37]. Furthermore, self-identified Black
race was associated with OR of 2.03 (95% CI 1.01-4.10) for sensitization to 1 or 2
foods and 3.76 (95% CI 1.09-12.97) for sensitization to 3 or more foods [37]. We
have previously discussed that most research indicates food allergy is more com-
mon in Blacks as opposed to Whites and Hispanics. The aforementioned findings
raise an interesting question: Are there racial differences in food sensitization vs.
food allergy, and what may this mean? This question remains to be answered.

Conclusion and Final Remarks

It is clear that food allergy has increased over the last 30 years in westernized,
industrialized areas of the world including the United States. Disparities in food
allergy affect subsequent care and outcomes. As we have discussed, most of the
underlying reasons behind these inequalities are unclear. Given the substantial soci-
etal impact of food allergy, further understanding of the relationship between food
allergy, race/ethnicity, geography, genetics, and socioeconomics will encourage
individualized, cost-effective utilization of healthcare resources. This will include
greater access to specialty care and diagnostic testing, patient-specific counseling,
and culturally sensitive prevention practices especially for those at greatest risk in
the lower socioeconomic strata.

Other key interventions include education of primary care physicians and aller-
gists to understand that these disparities exist and to use available resources in
assisting both minorities and low-income families suffering from food allergy. This
involves ensuring that food allergic patients are appropriately diagnosed and have
access to injectable epinephrine. A written food allergy action plan should be pro-
vided to educate children and their families about how to recognize food allergy
reactions and provide proper treatment. As many inner city children are often cared
for by multiple caregivers, it is important to prescribe adequate numbers of inject-
able epinephrine devices and to educate all caregivers on the use of these devices.
Further, the importance of carrying injectable epinephrine devices with the child at
all times should be stressed.

Finally, we return to the case of our patient, Mike, who suffered from a severe
anaphylactic occurrence after accidentally consuming peanut. In this case, Mike
had multiple risk factors for severe anaphylaxis including history of peanut allergy
and asthma. It has been shown that minorities with comorbid asthma and food
allergy have increased risk of hospitalization. Also, his history is significant for
multiple prior accidental exposures and his sister noted that ingredients may not
have been carefully read prior to consumption of the food. Here, we have discussed
the importance of regular follow-up with an allergy specialist, and in Mike’s case,
the education reinforced at each follow-up may have prevented his life-threatening
reaction. Further, Mike was being cared for by his older sister and not his mother
who presumably may have had knowledge of correct injectable epinephrine
administration (although not necessarily). Perhaps Mike’s reaction may have been
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far less severe if there had been injectable epinephrine readily available at a known
location in the house and if his sister had been trained on appropriate administra-
tion. Thus, while we continue to promote research aimed toward further elucidating
food allergy disparities and cures, the emphasis on food allergy education and
proper administration of epinephrine through regular follow-up with an allergist or
pediatrician is paramount.
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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



7 Asthma Health Disparities 147

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)
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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



7 Asthma Health Disparities 153

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-



154 A. A. Pappalardo and M. A. Martin

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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Chapter 8
Disparity in Atopic Dermatitis

Brandon E. Cohen, Nada Elbuluk, and Sindhura Bandi

Blake

Blake is a 13-year-old African American male. His mother works nights for a local
chain restaurant and the patient lives in a shared home with his mother and grand-
parents. He presents as an acute visit to an urgent care center. Blake was diagnosed
with atopic dermatitis by his pediatrician as an infant. His atopic dermatitis was
previously well controlled with topical emollients and occasional topical steroids
for exacerbations. However, the mother notes that since the patient started at a new
middle school at age 11, his symptoms have significantly worsened. She also noted
that this coincides with the patient taking on more responsibility with his own bath-
ing, hygiene, and skin care in adolescence. Physical examination reveals erythema-
tous papules and plaques on his bilateral arms, legs, trunk, and back. There are
significant xerosis and excoriations of his skin diffusely, as well as lichenified
plaques on his hands and bilateral popliteal fossa. There are also scattered areas of
hypopigmentation on his cheeks and extensor forearms. The patient states that he is
always up at night scratching his skin, often to the point of bleeding. He states that
he is embarrassed by the physical appearance of his skin at school and also finds it
difficult to concentrate. His performance at school has declined in the past year, and
he attributes it to his tiredness, lack of self-esteem to contribute, and his pain and
itching that make it impossible to concentrate. The mother states that she has tried
to make appointments with the specialist, but because the appointments must be
made so far in advance and her work schedule often changes, the patient has had
multiple missed appointments. There is only one pediatric dermatologist in their
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region who will accept their healthcare insurance. Both the mother and the patient
express frustration with his current symptoms and request an “injection to make this
go away.”

Introduction

Atopic dermatitis (AD) is a chronic inflammatory condition of the skin that is asso-
ciated with a personal or family history of other atopic diseases, namely, allergic
rhinitis and asthma. AD is most prevalent among children, but may persist into
adulthood in up to one-third of individuals [1]. AD is reported to affect up to 20%
of children and 3% of adults worldwide [1]. In the United States (USA), according
to the 2003 National Survey of Children’s Health, the prevalence of AD in those
younger than 18 years was 10.7% [2]. In adults, the reported prevalence in the USA
ranges from 7.2% to 10.2% [2, 3]. Affected individuals may experience refractory
pruritus, poor sleep quality, secondary infections, significant psychosocial distress,
and restricted participation in activities [3-5]. AD imposes a significant burden not
only on affected individuals and caretakers, but also on the larger healthcare system
and society [4, 6]. In one study, when considering costs of medications, physician
visits, and the indirect costs of lost productivity, the annual cost of AD in the USA
was over 5.2 billion dollars [7].

While AD is closely associated with asthma and allergic rhinitis, there is growing
evidence that AD exhibits distinct risk factors and involves complex interactions
between genetic, environmental, and lifestyle factors. While underlying genetics are
certainly an important determinant of AD prevalence and severity, there is an
increasing appreciation for the importance of environmental and lifestyle factors.
This is highlighted by reports that there is a lack of correlation between filaggrin
mutations and severity of AD [8]. The notion that AD prevalence depends consider-
ably on the surrounding environment highlights the potential for health disparities
stemming from modifiable extrinsic factors. These factors contribute to potential
disparities in prevalence, severity, and management between geographic locations,
as well as across socioeconomic and racial groups.

Currently Existing Disparities in Atopic Dermatitis

Prevalence

The prevalence of atopy, including atopic dermatitis, has been increasing world-
wide; however, the prevalence rates vary significantly among different geographic
regions [9]. According to the Internal Study of Asthma and Allergies in Childhood,
an international cross-sectional study of over 500,000 school-aged children, the
prevalence of AD is significantly higher in Western and Northern Europe, Australia,
South America, and urban regions of Africa and lower in Eastern Europe, the Middle
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East, and China [10]. In another survey of schoolchildren in Oregon, USA, by
Laughter et al., a higher prevalence of AD was reported in the USA, compared to
estimates from Europe or Japan [6]. A number of other studies have similarly
reported a higher prevalence of AD in more developed nations [6, 11, 12].
Hypothesized explanations for this trend include the effects of urbanization, cli-
mate, diet, and varying exposure to infections and airborne allergens [1, 10].

It has been further shown that the prevalence of AD can vary significantly within
the same country. The 2003 National Survey of Children’s Health reported higher
rates of AD among states on the east coast, compared to other regions of the USA
[2]. One proposed explanation is the greater number of metropolitan cities on the
east coast, compared to other regions [2]. In this study, the examination of survey
data revealed that living in an urban, compared to rural environment, was associated
with an adjusted odds ratio of 1.67 for AD [2]. Similarly, Laughter et al. reported
higher rates of AD among surveyed children living in urban versus rural areas in
Oregon [6]. Proposed deleterious effects associated with urban living include expo-
sure to a larger quantity or more varied allergens, decreased ultraviolet (UV) light
exposure, and living in more modern insulated housing [3, 13, 14].

The impact of environmental factors is further highlighted when examining
immigrant populations. Multiple studies have reported that Americans who were
born outside of the USA have a lower prevalence of AD than those born in the USA
[2, 3]. Nevertheless, over time, the rates of AD among immigrants living in the USA
increase and exceed the rates of AD from their country of origin [14]. In the 2010
National Health Interview Survey, which examined AD in American adults, foreign-
born Americans exhibited decreased rates of AD when compared to those born in
the USA, but after living in the USA for at least 10 years, rates of AD among immi-
grant groups increased. The rate of eczema in immigrants living in the USA for less
than 10 years was 4.3% versus 6.7% in those living in the USA for greater than
10 years [3]. Furthermore, Silverberg et al. reported a lower prevalence of AD in
American children born and living outside the USA, compared to those born in the
USA [3]. Similar trends have been observed when examining Asian children born
in Australia, compared to Asian children who recently immigrated to Australia [13].

Impact of Socioeconomic Factors

Numerous studies worldwide have investigated potential association between the
socioeconomic status and the prevalence or severity of AD. While socioeconomic
factors have been shown to be determinants of AD, there is a lack of concordance
between studies on whether AD prevalence and severity are associated with higher
or lower socioeconomic status. For example, Williams and colleagues examined
over 8000 children across the United Kingdom (UK), stratified participants into five
socioeconomic classes, and reported a significant linear trend in AD prevalence
with higher social class [12]. In this study, diagnosis of AD was confirmed by physi-
cal exam and analyses were adjusted for variables, such as gender, residence, family
size, ethnic group, exposure to tobacco, and breastfeeding. Of note, no similar trend
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was observed when examining the prevalence of psoriasis or acne in the same cohort
[12]. Furthermore, multiple separate studies, examining cohorts in the United
States, Austria, Germany, and Japan, have reported an independent positive associa-
tion between parental education level and AD prevalence, after adjusting for various
confounding factors [3, 11, 13, 15]. Similarly, in a cross-sectional health survey
conducted in Demark by Hammer-Helmich and colleagues, AD was significantly
linked to higher parental education, while asthma and allergic rhinitis were associ-
ated with lower parental education [16]. Parental unemployment was also associ-
ated with a decrease in AD risk and severity [16].

Data-supported explanations for the associations between higher socioeco-
nomic status and AD are lacking. One early hypothesis to explain the relationship
between higher socioeconomic status and greater AD prevalence is the “hygiene
hypothesis,” or the proposed concept that increased exposure to various infectious
agents confers a protective effect on the tendency to develop atopy. However,
more recently, studies have reported no association between AD and factors
related to the hygiene hypothesis such as larger family size and daycare atten-
dance [15, 17]. Other explanations are that patients of higher socioeconomic class
may be more likely to interact with the healthcare system and receive a diagnosis
of AD, or be more likely to respond affirmatively to health surveys due to greater
health literacy.

Notably, in the Danish study by Hammer-Helmich et al., while AD prevalence
and severity was associated with higher parental education and parental employ-
ment, there was no association found between AD and household income, which the
authors propose may relate to equivalent healthcare access in Denmark [16]. In the
United States, where greater disparities in healthcare access exist, several large
studies suggest that access to care may be contributing to observed trends in AD
prevalence and severity. According to data from the 2010 National Health Interview
Survey, the prevalence of AD was significantly associated with health insurance
coverage and healthcare interaction in the past year; suggesting differences in prev-
alence may be related to differences in the rates of diagnosis [3]. In another study
by Hanifin and Reed, an inverse relationship between household income and empir-
ically defined AD was discovered, based on a health survey sent to a representative
sample of the US population [18].

Racial and Ethnic Disparities in Atopic Dermatitis

There is a growing amount of research demonstrating that disparities in the preva-
lence and severity of AD exist between racial groups. Shaw and colleagues reported
that based on data from the National Survey of Children’s Health, African American
race was associated with an increased prevalence of AD, compared to Caucasian
race (15.9% vs. 9.7%, OR 1.7) [2]. In accordance, Fu et al. reported a higher
prevalence of eczema in African American, compared to Caucasian children (19.3%
vs. 16.1%), using 2005-2006 National Health and Nutrition Examination Survey
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[20]. Williams and colleagues reported similar results in the UK in a study of nearly
700 London-born children, in which they reported a significantly higher rate of AD,
diagnosed by a physician, in Black Caribbean, compared to White children (16.3%
vs. 8.7%) [21]. Silverberg and Simpson also reported that based on the 2007
National Survey of Children’s Health, eczema severity was reported to be associ-
ated with Hispanic or African American race in univariate analyses, although this
association was no longer significant in multivariable models [8]. In a study of AD
in adults using the 2010 National Health Interview Survey, a higher prevalence of
AD was reported in those identifying as Hispanic or multiracial, compared to
Caucasians, in multivariable models [3]. Furthermore, in a study using the National
Ambulatory Medical Care Survey from 1990 to 1998, Janumpally et al. reported
that the number of clinic visits for AD was significantly greater for African American
(OR 3.4) and Asian/Pacific Islander (OR 6.7) patients, compared to Caucasians
[14]. Of note, in this study, Caucasian individuals had a higher rate of medical visits
overall, including visits for other dermatologic conditions, suggesting that the
observed difference in visits for AD could not be attributed to differences in health-
care utilization in general [14].

Outcomes Related to Disparities in Food Allergy

Severity of Skin Disease

Lower socioeconomic status has been suggested to contribute to increased severity
of AD. In a study by Silverberg et al., which examined data from the 2007 National
Survey of Children’s Health, greater AD severity, as determined from survey ques-
tions on three-point scale, was associated with lower parental education, lower
household income, and poorer housing quality [8]. Proposed explanations for the
relationship between greater AD severity and lower socioeconomic status include
exposure to indoor pollutants in lower quality housing, greater exposure to cutane-
ous irritants, secondary infections, and reduced access to healthcare, resulting in
poorer management and disease control [19].

Disparities among racial groups related to the severity of AD have also been
identified. For example, in a study of pediatric patients with AD presenting to a
tertiary care clinic, 75% of 60 African American patients qualified as having moder-
ate—severe AD, compared to 40% among 100 Caucasian patients, based on Eczema
Area and Severity Index and Investigator Global Assessment Scores [22]. In another
study of 137 children with AD in the UK, the authors reported that Black children
had nearly sixfold higher odds of having severe AD than White children [23]. Of
note, in this study, the difference in AD severity persisted even after controlling for
social class [23]. Possible causes for the differences in prevalence and severity of
AD between racial groups include uneven access to care, differences in the presen-
tation of AD in different skin types, and under-recognized differences between races
in the underlying genetics and pathophysiology of AD.
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Specific challenges associated with the management of AD in patients with skin
of color have been described. For example, there is a higher risk of dyspigmentation
associated with topical corticosteroid use in individuals with SOC. Furthermore, the
dose or duration of certain treatments can depend on the race or skin type of the
patient. For instance, it has been shown that the bioavailability of cyclosporine is
significantly lower in African American compared to Caucasian individuals [36]. In
addition, higher doses of phototherapy are required for patients with SOC [29].

Reasons for Atopic Dermatitis Health Disparities

Access to Healthcare

Access to dermatological specialty care has been suggested to be insufficient in
general, stemming from a shortage of dermatologists nationally [24]. Furthermore,
access to dermatology may be especially limited depending on insurance coverage,
as highlighted by the results of a 2002 American Academy of Dermatology (AAD)
survey reporting that only 40.8% and 51.3% of dermatologists accept new patients
with Medicaid or no insurance, respectively [25]. In this report, patients receiving
Medicaid comprised 5% of patients being seen at dermatology practices, signifi-
cantly less than the 27% that would be predicted based on the percentage of patients
receiving Medicaid in the population [25]. Differences by race in utilization of der-
matological care have also been identified. In a study of the National Ambulatory
Medical Care Survey, it was reported that in the USA over 90% of patients seen by
dermatologists are Caucasian [26], which may reflect the inadequate treatment of
AD among non-Caucasian patients. This discrepancy may relate to differences in
insurance status, and in turn access to dermatology [14]. Previous studies have
reported a higher rate of uninsured status among African Americans, compared to
Caucasians, in the USA [14]. While this discrepancy has narrowed after healthcare
reform, according to 2016 Center for Disease Control data, African American, as
well as Hispanic individuals continue to demonstrate lower health insurance rates,
compared to Caucasians [27].

The quality of care delivered by dermatologists for AD may also vary across
racial groups due to differences in disease presentation and inadequate focus on
these differences during physician training. In one survey of US dermatology chief
residents, only 25.4% reported having had expert lectures on topics related to skin
of color (SOC) and only 30.2% reported having a specific rotation during which
experience in treating patients with SOC was obtained [28]. In another survey, 47%
of dermatologists and dermatology residents reported feeling that their training was
inadequate in conditions affecting individuals with SOC [24]. The lack of specialized
training may contribute to disparities in diagnosis and management between patients
of different racial groups and contribute to the observed differences in AD severity.
In a study of 137 pediatric patients with AD in the UK by Ben-Gashir and col-
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leagues, it was discovered that a lack of ability to appreciate erythema on the physi-
cal exam of Black patients resulted in an underestimate of AD severity [23]. In this
study, AD severity was compared between Black and White children using the
SCORAD scale, which relies on factors such as erythema, edema, excoriation, and
lichenification. Initially, the authors discovered a nonsignificant greater severity
among White patients; however, once erythema scores were omitted from the sever-
ity assessment tool, it was reported that Black children showed a significantly higher
rate of severe AD than White children (OR 5.93, p = 0.002) [23]. After controlling
for erythema scores, physician severity assessments became more aligned with
parental severity scores. Adjustment of other factors, such as edema, excoriation, or
lichenification, did not produce a difference in severity outcome. The authors
emphasize that reliance on erythema, which is included in a number of severity
measures, may result in a falsely low impression of AD severity in SOC [23].
Disparities in accurate diagnosis may further result from the potential for AD in
SOC to present with more subtle lesions, different morphology, or with an atypical
distribution. For example, AD in African Americans may present with follicular,
papular, or lichenoid lesions, or with a greater involvement of extensor instead of
flexural surfaces [1, 22, 29]. Consequently, these differences may result in delayed
diagnosis, counseling, and appropriate management.

Genetic Beyond differences in the phenotypic expression of AD between skin
types, there is emerging evidence that there may be racial differences in the underly-
ing genes involved in AD. Several studies have reported that the prevalence of filag-
grin null mutations is significantly lower in African American, compared to
Caucasian, patients with AD [30, 31]. In one study of 857 children with AD by
Margolis et al., at least one filaggrin null mutation was detected in 27.5% of
Caucasian, compared to 5.8% of African Americans [31]. In another study, it was
reported that two common FLG mutations in patients with European ancestry,
namely, R501X and 2282del4, were absent in individuals of African or Asian ances-
try [32]. These findings suggest that there are distinct genetic mechanisms underly-
ing AD in different racial groups, which may contribute to differences in AD
severity. A number of other physiologic differences important in AD differ by race.
It has been reported that, compared to Caucasians, African Americans have higher
serum levels of immunoglobulin E, larger mast cell granules, and polymorphisms in
pruritus receptors [22, 29, 33, 34]. Further, African American patients may have a
higher tendency toward xerosis, as it has been shown that African American skin at
baseline demonstrates higher transepidermal water loss and a lower ratio of ceramide
to cholesterol, compared to Caucasian or Asian skin [22].

Racial variations in the underlying immunologic phenotype for AD may exist as
well, which may contribute to disparities in targeted treatments. In one study,
lesional and nonlesional biopsies were performed on 30 patients with AD and
reverse-transcriptase-polymerase chain reaction (RT-PCR) and immunochemistry
were employed to make comparisons between Caucasian, African American, and
control patients. Biopsy specimens from African American patients showed greater
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infiltration with dendritic cells with the high-affinity IgG receptor, compared to
specimens from Caucasians [29]. In addition, while both European and African
patients with chronic AD showed upregulation of Th2-related cytokines, African
Americans demonstrated decreased expression of Thl- and Thl7-related markers,
suggesting that Th1 skewing in chronic AD may not occur uniformly across racial
groups [29]. Nodal et al. analyzed biopsy samples of European American and Asian
individuals with AD and reported that the immunologic phenotype of AD in Asian
patients demonstrated a distinct profile, compared to European patients [35]. In this
study, AD severity scores were equivalent between European and Asian patients.
While both groups showed increased Th2 expression, Asian patients with AD dem-
onstrated significantly greater Th17 activation, along with greater acanthosis, para-
keratosis, and Ki67 counts. The authors suggest that racial differences in immune
phenotypes require greater attention during the use and development of targeted
therapies [35].

Conclusions

AD is complex in its etiology, challenging to treat, and significantly impacts the qual-
ity of life of those affected. Those individuals affected by the disparities in AD often
do not achieve adequate control of their symptoms and treatment of their condition. It
is important for health practitioners to recognize these disparities when evaluating and
treating patients with atopic dermatitis. There is ongoing research on the identification
of these unique patient factors and implementation of novel treatment modalities. This
includes therapy targeted at the various immunologic mechanisms and phenotypes
that exist in atopic dermatitis. The first such biologic therapy, Dupilumab, a monoclo-
nal antibody that binds to interleukin-4 receptor subunit alpha (IL-4Ra) and subse-
quently blocks the Th2 immune response, has been approved in adults. Current studies
are underway examining I1-31 as a molecular target to reduce the immune response
associated with pruritus. The development of biomarkers, specific molecules which
can identify the phenotype and clinical presentation of the disease, is the next step in
creating targeted, individualized therapies in AD.

Going back to our case, severe AD has impacted this child’s quality of life, per-
formance at school, and potentially his future. His uncontrolled disease is impacted
by lack of access to specialty care and inadequate treatments. The treatment of AD
relies on daily care and use of multiple topical medications, which is only possible
through education, close relation with healthcare providers, and teamwork.
Furthermore, other factors, such as exposure to indoor pollutants, cutaneous irri-
tants and allergens, and secondary infections, need to be assessed and addressed by
specialist. As the pathogenesis of AD becomes better understood particularly among
different populations and treatment options for AD evolve, efforts are also needed
to develop programs for patients with limited resources. With the use of these
programs along with novel treatment modalities, there is hope that the gap in AD
disparities will narrow.
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Chapter 9

School-Based Educational Programs

to Improve the Knowledge and Outcome
in Allergic Conditions

Kylie N. Jungles and Roselyn M. Hicks

Introduction

Walk into an emergency department or pediatric intensive care unit on any given
day, and you are likely to see at least one child being treated for an acute asthma
exacerbation. Asthma is one of the most common chronic medical conditions among
pediatric populations — with approximately 7 million children diagnosed with
asthma in the United States alone [5]. Asthma impacts quality of life and daily pro-
ductivity, including a child’s general wellbeing and ability to participate in physical
activity. Asthma exacerbations lead to direct and indirect costs of emergency depart-
ment visits, hospital admissions, and school absenteeism. Recent studies suggest
that 1 in 36,000 children and adolescents miss school each day due to asthma symp-
toms [5]. While these children should be in school learning, participating in sports,
or playing with friends, they are instead spending countless hours within the health-
care system being treated for their chronic disease. Like many other chronic condi-
tions, studies have found that asthma disproportionately impacts minority children
and adolescents, as well as those living in low-income communities [12]. In fact, the
prevalence of asthma is two times greater in African American children, and these
children are twice as likely to be admitted to a hospital for an acute asthma exacer-
bation [5]. These trends are likely due to a myriad of patient factors including access
to care, health literacy, and disease severity.

While the consequences of poorly controlled asthma can be severe, asthma con-
trol is possible with proper medication management, patient education, healthcare
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follow-up, and vigilant awareness of symptoms. Unfortunately, many of the patients
who present to hospitals for acute exacerbations are often improperly managing
their asthma, leading to frequent disease exacerbation. For parents and patients
alike, asthma management seems like a tremendous feat. There are various inhaler
medications to keep track of, not to mention spacer devices and asthma action plans.
For many parents, this can all seem extremely overwhelming and can contribute to
improper asthma management. Some of the most common mistakes that are seen in
patients presenting with acute asthma exacerbations involve medication nonadher-
ence, such as patients forgetting to take controller medications daily as prescribed
or failing to use spacer devices to ensure proper delivery of inhaled medications
[11]. Other common mistakes include failing to eliminate asthma triggers from the
home — such as cigarette smoke, dust mites, and pets. Keeping medical appoint-
ments is another barrier to adequate care, which leads to missed opportunities for
patient education and medication management. All of these factors can lead to
improper asthma management and negatively impact disease control.

The idea of school-based asthma programs was initiated by analyzing many of
the aforementioned shortcomings that typically impede proper asthma care [7].
Because students spend most of their day in school, having a school-based asthma
education program in place helps to overcome the obstacle that parents face in
bringing their child to regularly scheduled asthma-focused doctor’s appointments.
School-based programs can help to bridge the gap in healthcare, especially in low-
income communities that lack access to quality primary care facilities and ade-
quate public transportation [10]. Studies have found that school-based asthma
education programs have established higher attendance rates compared to clinic-
based programs, especially in urban settings. Additionally, many schools already
possess the infrastructure necessary to carry out school-based asthma programs,
with school nurses, support staff, and an organized teaching environment. Schools
are equipped with school nurses who possess the appropriate training and medical
background necessary to assist with education. Additionally, school nurses can be
trained to perform asthma checks and assist with the continuity of care that is
essential for students with chronic conditions, such as asthma. Studies have shown
that in many cases, the school nurse is the only consistent healthcare provider that
some students see — especially in low-income communities, which are dispropor-
tionately impacted by asthma. Finally, using a school environment, where students
are already primed for learning, helps facilitate teaching students about asthma
management [3].

In this chapter, we will discuss the background of school-based asthma pro-
grams, including the legislation that has paved the way for the development of many
of the school-based asthma programs implemented in schools around the United
States today. We will highlight the various frameworks used to develop school-
based asthma programs. Then, we will discuss several of the school-based asthma
programs that have been initiated in the USA, focusing on the implementation and
outcomes associated with each program. Finally, we will touch on the overall ben-
efits associated with these school-based programs and what the future of school-
based asthma management may look like.
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Background of School-Based Asthma Programs

Over the past several years, changes in legislation and health policy have paved the
way for the implementation and growth of school-based asthma programs. In 2015,
President Barack Obama signed the Every Student Succeeds Act, which served to
replace the No Child Left Behind Act enacted by President George W. Bush [5].
This legislation shaped the federal government’s role in education and funding for
public education initiatives. The implementation of the Every Student Succeeds Act
contributed to the success of many school-based asthma program initiatives because
it allowed schools to apply for federal grants in order to fund asthma management
in public schools [5]. Another influential policy statement was published in 2016 by
the American Academy of Pediatrics Council on School Health. They released a
policy revision regarding the role of school nurses in providing school health ser-
vices. In their statement, they recommended a minimum of one school nurse in
every school as well as additional medical oversight from a school physician [5].
They also outlined the importance of establishing a working relationship with
school nurses in order to manage chronic conditions of students and highlighted the
need for pediatricians to address school absenteeism at clinic appointments. While
these all served as large steps forward in the evolution of school-based asthma pro-
grams, perhaps the largest feat was in 2016 with the creation of the School-Based
Asthma Management Program (SAMPRO). SAMPRO is a school-based asthma
program resource created by the American Academy of Allergy, Asthma, and
Immunology and the National Association of School Nurses [5].

The role of SAMPRO is to provide resources and education for children, fami-
lies, and clinicians alike for the development and implementation of school-based
asthma programs. Their philosophy and resources are available for free online at
http://wwww.aaai.org/SAMPRO [8]. The founders of SAMPRO created a work-
force comprised of physicians, researchers, patient advocates, and policy makers to
embark on their goals. Together, they created a model for the coordination of asthma
care. SAMPRO’s approach to asthma management is founded on a circle of support
involving patients, families, and healthcare professionals [8]. They believe that a
coordinated model of communication is essential in providing the best level of care
for individuals with asthma, so they created various resources to aid in this process.

In their literature, the developers of SAMPRO outline four key components,
which they feel are essential for the successful coordination of asthma care. The first
is a circle of support, which is necessary to foster clear and open communication
[8]. They encourage school-based asthma programs to establish a relationship
between the child with asthma, their families, their primary care physician, and their
school nurse. This helps to facilitate continuity of care both in the clinic and at
school. SAMPRO encourages school nurses and families to work together to man-
age and track asthma symptoms at school. As part of SAMPRO’s online toolbox,
they offer checklists, which outline the roles of each member within the circle of
support. SAMPRO’s second component to success involves bidirectional communi-
cation between clinicians and schools [8]. This includes encouraging the use of
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asthma action plans and asthma emergency plans at home and school to guide Step-Up
asthma management. They encourage clinicians and families to ensure that asthma
medications are authorized for use at school and that children have extra medica-
tions that can be carried at school at all times. In order to foster a continuity of care,
they also believe that periodic updates of the child’s asthma status should be com-
municated between healthcare providers and school nurses. This can provide essen-
tial information about the child’s asthma control status and need for medication
adjustments. The third component to successful asthma management is the use of
formal asthma education programs and care coordination programs [8]. They hope
that the resources provided in their toolbox can be used nationwide to promote
asthma education in resource-limited school districts. Finally, SAMPRO’s fourth
tenant is aimed at reducing asthma triggers within the school environment. They
believe that school administrators, nurses, and personnel should work together to
develop an indoor air quality management program, which has been established by
the Environmental Protection Agency [8]. The toolkit they have developed provides
a checklist that school systems can follow to assess air quality and ensure that their
school is meeting the guidelines outlined by the Environmental Protection Agency.

While the implementation of SAMPRO is still in its early stages, the founders
hope that the resources provided by SAMPRO online and within the toolkit can help
resource-limited school districts address the needs of students with asthma [8].
While SAMPRO outlines the implementation of school-based asthma programs, it
is not aimed at replacing programs that have already been established and have
demonstrated efficacy. Currently, the American Academy of Allergy, Asthma, and
Immunology lobbyists are working with national legislators to pass a congressional
bill that will support funding for SAMPRO and school-based asthma programs. The
School-Based Respiratory Health Management Act (H.R. 2285) was introduced to
Congress as a bipartisan bill in May of 2017 [8]. The goal of the bill is to provide
incentives to school systems that implement comprehensive school-based asthma
programs. Although the bill failed to be passed by the 115th Congress, they hope to
reintroduce the bill to the 116th Congress [8]. The future directions of SAMPRO
include lobbying for this essential legislation and continuing to develop and imple-
ment the SAMPRO toolkit and other resources.

Framework for School-Based Asthma Programs

Over the years, school-based asthma programs have implemented various organi-
zational frameworks. Some have aimed to enhance education, while others have
focused on addressing the shortcomings of asthma care, such as medication adher-
ence. First, we will review several ways school-based asthma programs have been
implemented in recent years, followed by details of specific programs. Some stud-
ies have aimed to improve asthma screening in schools in order to address students
with undiagnosed asthma. This is especially relevant in resource-limited areas,
where students lack adequate primary care. The American Thoracic Society pub-
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lished a review, which analyzed the use of screening questionnaires in children
with undiagnosed asthma. They found that a 2-item questionnaire had a 66% sen-
sitivity and 96% specificity when validated against spirometry and a formal physi-
cian evaluation [1]. Similarly, a 4-item questionnaire developed by Head Start had
a 73% sensitivity and 96% specificity in preschool-aged children [1]. These
screening-based programs have found to be helpful in distinguishing students with
severe asthma who may have never been diagnosed by a physician due to lack of
resources.

Another approach used by school-based asthma programs focuses on medication
management [1]. Medication nonadherence is often cited as a common reason for
asthma exacerbations. Several programs have partnered with healthcare providers to
ensure that students with asthma have rescue and controller medications available to
them at school, while other school-based programs supervise the administration of
controller inhalers to ensure that students are properly administering their daily con-
troller medications [11]. Data from these studies suggest improvement in medica-
tion adherence and overall health outcomes in students participating in these
medication-focused asthma programs [1].

Finally, some school-based asthma programs take a more holistic approach to the
management of asthma. Some programs focus on care coordination among stu-
dents, schools, and healthcare providers (refer to Fig. 9.1). These programs aim to
identify students with asthma to ensure that they have an asthma action plan in place
and adequate follow-up with a primary care provider to manage their asthma [1].
There have also been many programs which aim to improve asthma education via
group workshops, computer games, web-based modules, peer education, and one-
on-one teaching sessions. Many asthma education programs train school staff and
nurses to recognize asthma symptoms and provide them with tools to teach students
about asthma [1]. On the whole, many successful school-based asthma programs
strike a balance between education and symptom management. All of these pro-
grams rely on a partnership between students, families, schools, and the health-
care system.

Fig. 9.1 The cornerstone of school-based

asthma programs is developing a

partnership between students, families,

schools, and the healthcare system. Open Child and
and clear communication among these Family
entities is essential for the success of any

school-based asthma program

School Healthcare
System
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Examples of School-Based Asthma Programs

The School-Based Asthma Therapy (SBAT) program is an example of one
medication-focused school-based asthma program. This program was launched in
2013 at an urban school district located in the Midwest [1]. The school district pri-
marily served a socioeconomically disadvantaged and ethnically diverse population
of young students. The main goal of this program was to increase compliance of
inhaled corticosteroid (ICS) medications in children diagnosed with persistent
asthma [1]. Children were enrolled in the study based on referrals from school
nurses. Specifically, the nurses suggested that students with frequent asthma symp-
toms or the need for rescue inhaler use at school participate in this program. Other
students were referred to the SBAT program by the physicians managing their
asthma. Over the course of 3 years, 198 students from kindergarten to twelfth grade
were enrolled via rolling admission into the research study [1]. Working together
with each student’s healthcare provider, the SBAT team developed asthma action
plans for each student. The SBAT team also worked with both Medicaid and private
insurance providers to ensure that each student was supplied with an ICS inhaler
and spacer device for both home and school [1].

As part of the medication administration program, each student was adminis-
tered their ICS inhaler in the morning prior to classes. The medication administra-
tion was observed and assisted by a school nurse or SBAT team member who was
trained on the proper administration technique [1]. It was expected that each student
received their ICS at home on days that school was not in session and in the eve-
nings, if they required twice daily dosing. Each student’s symptoms and asthma
control were monitored based on Asthma Control Test forms, which were adminis-
tered to parents every 2-3 months. These forms contained numerous questions
about asthma symptoms, allowing for the quantification of disease severity [1]. If a
student’s Asthma Control Test score did not improve, an SBAT team member would
contact the student’s asthma care provider to discuss the findings and whether it was
appropriate to step-up medication therapy.

The results of this study were very promising. The researchers found a statisti-
cally significant improvement in Asthma Control Test scores over the duration of
the study [1]. They also observed a significant reduction in asthma-related emer-
gency department visits and PICU admissions after 1-year post-enrollment of the
study. The percentage of PICU care was noted to be 11% within the study popula-
tion 2 years prior to study enrollment, which declined to just 1% 1 year after partici-
pation in SBAT [1]. Overall, the researchers found a tremendous improvement in
medication compliance within the study group after participation in the program.
They believe that one of the main reasons for the successful outcomes stems from
improvement in medical knowledge and teaching of proper medication administra-
tion. They also felt that the success from the program was associated with facilitat-
ing open communication between physicians and school nurses to ensure that
students were prescribed the proper medication regimen in order to target their
symptoms [1].
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Another example of a medication-focused school-based asthma program is the
School-Based Telemedicine Enhanced Asthma Management (SB-TEAM) Program.
This program was initiated in an ethnically diverse urban school district located in
Rochester, New York, from 2012 to 2016 [6]. The goal of the program was to expand
upon a preexisting school-based asthma supervised medication administration pro-
gram by adding a telemedicine component. The researchers developed this random-
ized controlled clinical trial in order to assess whether adding the telemedicine
component to the current medication administration program would improve over-
all outcomes. The study included 400 children from 3 to 10 years of age from 49
different schools within Rochester [6]. The majority of students within the school
district were from racial/ethnic minority groups. The students enrolled were required
to have either persistent asthma symptoms or poor asthma control based on National
Heart, Lung, and Blood Institute Guidelines [6].

Prior to initiation of the study, the participants were screened for baseline
asthma symptoms, caregiver depression, secondhand smoke exposure, and family
medical history. For each patient, a saliva sample was collected to measure smoke
exposure and a fractional exhaled nitric oxide measurement was used to measure
airway inflammation [6]. Each child was then randomly assigned to either the
SB-TEAM group or enhanced usual care (eUC) comparison group. Randomization
of the groups was stratified based on the use of preventative medication at the
patient’s baseline asthma control level [6]. All families received educational pack-
ets on asthma, smoking cessation resources, and local asthma management
resources. They were also given a journal and instructed to log asthma symptoms.
The SB-TEAM cohort received a telemedicine visit at the beginning of the school
year for an initial asthma assessment and to determine their asthma medication
regimen. Follow-up telemedicine assessments were conducted at 4—-6-week inter-
vals [6]. The telemedicine follow-up visits allowed for necessary medication
adjustments based on the patients’ symptoms and asthma education. In addition to
the telemedicine visits, these patients were also administered their inhalers at
school. For most of the children, they received once daily dosing in order to
improve compliance. For those who required more frequent dosing, additional
inhaler treatments were administered at home by their parents [6]. The eUC group
was screened with the baseline symptom assessment. However, no telemedicine or
medication administration interventions were performed. They were given asthma
education materials and a recommendation for preventative asthma medications.
They were encouraged to follow up with their primary care physician regarding
their asthma treatment and management [6].

Prior to the initiation of the SB-TEAM program, the children included in the
study endorsed an average of 7.2 symptom-free days per 2 weeks with frequent
daytime and nighttime symptoms [6]. The patients included in the study reported
frequent use of rescue inhalers for symptom control. Almost half of patients also
reported emergency department visits or hospitalizations for their asthma prior to
initiation of the SB-TEAM program [6]. After completion of the SB-TEAM pro-
gram, the researchers reported a significant improvement in asthma control in the
SB-TEAM compared to the control group. Children in the SB-TEAM group, who
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were participating in the telemedicine visits, had more symptom-free days per
2 weeks (11.6 days) compared to the control group (10.97 days) [6]. These patients
also reported fewer daytime and nighttime symptoms, hospitalizations, and activity
limitations related to their asthma. Additionally, the SB-TEAM showed greater
improvement in airway inflammation, which was quantified as a reduction in FeNO
levels at the conclusion of the study [6]. The researchers attribute some of the suc-
cess in symptom prevention to the medication management that was coordinated via
the telemedicine visits. These visits allowed for physicians to better evaluate the
patient’s symptom control and adjust medication regimens as they deemed neces-
sary. At the end of the study, more children in the SB-TEAM were prescribed con-
troller medications as opposed to the control group, with 91% of patients in the
SB-TEAM using a preventative asthma medication compared to only 67% of
patients in the control group at the end of the study [6]. Parents whose children were
a part of the SB-TEAM group felt as though the telemedicine visits helped improve
their health literacy and better understand their child’s asthma medication regimen.
In both study groups, caregivers endorsed an improvement in the quality of life.
Overall, this study demonstrated the benefits of incorporating telemedicine visits
into a school-based asthma program to improve asthma control and symptom man-
agement in resource-poor areas. This unique model of care potentially highlights a
new way to approach healthcare inequality and limitations in access in rural or
underserved areas.

While the previously discussed programs focused primarily on the medication
management of asthma symptoms, other programs focus entirely on educating chil-
dren with asthma. The main goals are to help children better understand their
chronic disease, symptoms, and how they can manage these symptoms throughout
the course of their lives. Kickin’ Asthma Program, which is an education-based
program that was founded in California in 2002, aimed to develop an education-
focused school-based asthma program primarily serving low-income and minority
students. The program participants included seventh grade through twelfth grade
students attending an urban school district in Oakland, California. The Oakland
School District is a unique population to study because it is known for being one of
the most diverse school systems in the country, with a student population consisting
of 45% African American students, 31% Latino students, 17% Asian students, and
5% White students [10]. The school district also has very limited resources when
compared to its student population, with a student-to-school nurse ratio of 1800:1
[10]. This limitation of resources poses a problem for managing the healthcare
needs of the students within the school district.

Students were enrolled into the Kickin” Asthma Program during the beginning
of the school year. Each student was asked to complete a pre-survey based on the
International Study of Asthma and Allergies in Childhood questionnaire. Students
who reported a physician’s diagnosis of asthma, as well as either active asthma
symptoms or a recent emergency visit for asthma were eligible for participation
via an invitation sent to their teachers [10]. During the first 2 years of the program,
students were given small incentives, such as $10 gift cards, for participation. The
Kickin’ It Asthma curriculum consisted of four educational sessions, which were
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developed by nurses, educators, and American Lung Association staff members
[10]. Each session was 50 minutes in length and sessions were held weekly until
the completion of the educational program. The sessions covered lessons on lung
physiology, asthma symptoms and triggers, asthma warning signs, asthma medi-
cations, and asthma emergencies [10]. At the end of the educational program,
students were given a post-program survey to complete. The pre- and post-pro-
gram survey responses were then compared to assess the students’ growth in
knowledge. An individual morbidity score was also calculated for each student
who completed both surveys. The program was continued at the Oakland School
District for three consecutive school years, allowing for the creation of three study
cohorts [10].

The results from the study indicated that the Kickin’ Asthma Program was
successful in improving student asthma education and symptom management.
The researchers found that the number of asthma-related school absences was
significantly reduced for each cohort. They also found that the incidence of
asthma-related sleep disruption decreased significantly in two of the three cohorts
[10]. The researchers reported that the frequency of daytime symptoms in these
students declined for the first 3 years following completion of the educational
program. Overall, the study found that this educational program assisted in
decreasing the number of hospitalizations and overall utilization of the health-
care system by these students for disease exacerbation [10]. This program high-
lighted the power of health literacy and education on chronic disease management.
The results of the Kickin’ Asthma Program indicate that simply educating stu-
dents about asthma may help to improve their symptoms and overall asthma
management.

A similar education-focused school-based asthma program was initiated in
Missouri, but took a slightly different approach with their curriculum. The Teaming
Up for Asthma Control program was started in 2010 and targeted students aged 5 to
14 years enrolled in a Missouri School District [4]. The goal of the program was to
improve asthma control in these youngsters, while improving the competency of
school nurses in providing guideline-based asthma education. In order to participate
in the program, students were required to have physician-diagnosed asthma, and
their caregivers were required to speak and understand English. Students were
excluded from the program if they had another concurrent respiratory condition [4].
Students who met the program requirements were sent informational packets and
their parents were able to opt out of the entire program or specific components of the
program. The Teaming Up for Asthma Control program also set standards for the
school nurses involved in the program. The nurses were required to complete pretest
and posttest educational comprehension assessments following the completion of an
online training program [4]. Additionally, the nurses responsible for instructor-led
group training sessions were required to demonstrate in-person assessment compe-
tency. With the leadership of school nurses, the students participating in the program
were led through various educational workshops as well as instructional videos/
worksheets that were completed at home with their caregivers. Throughout the
course of the educational program, the nurses conducted a series of three asthma
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assessments, which were performed at 1-2-week intervals [4]. The educational ses-
sions and student assessments analyzed a breadth of asthma components and symp-
tom management strategies. At each session, data was collected on the students’
inhaler use and adherence, their inspiratory flow rate, and forced expiratory reserve
volume (FEV)), as well as their asthma symptoms. This data was used to assess each
student’s asthma control status [4]. Additional information was also collected such as
exposure to tobacco smoke, environmental triggers, medication use, and each stu-
dent’s beliefs about asthma. The student’s asthma control scores and assessment
responses were then tracked throughout the duration of the program.

Throughout the course of the Teaming up for Asthma Control program, the pro-
gram coordinators found a trend in improvement of health literacy and asthma
symptoms. At the beginning of the program, 69.7% of the students enrolled in the
study met the criteria for poorly controlled asthma. By the end of the educational
program, then number of students with uncontrolled asthma decreased by 23.4%
[4]. This translated into an overall decline of healthcare costs and utilization related
to disease exacerbation. Throughout their participation in the program, students
endorsed an improvement in knowledge regarding asthma medications and symp-
tom control, which was reflected in their asthma control scores. The researchers
suggest that between assessments one and three, the mean FEV, significantly
increased from 82.9% to 92.1% of the predicted volume [4]. At the completion of
the program, students also endorsed a significant improvement in their attitudes and
beliefs about their asthma. This program highlights the benefits of a well-organized
educational-based program as well as the important role school nurses play in
implementing a school-based asthma program.

Finally, one of the most recognized school-based asthma programs is the Step-Up
Asthma Program, which was launched in Denver, Colorado. The goal of this pro-
gram was to create a sustainable model for asthma education in order to create an
asthma-friendly school environment. The program included elementary and middle
school students with asthma attending Denver public schools during the 2010-2012
school years [9]. Schools were selected to participate in the program based on their
socioeconomic need, asthma prevalence, and percentage of minority students.
Overall, the program included a total of 252 students who completed the program
and were included in the data analysis. Of these participants, 49% had uncontrolled
asthma prior to enrollment in the program and 94.5% represented racial/ethnic
minorities [9]. The program was designed and directed by both a pediatric pulmo-
nary/allergy specialist and a pediatric physician’s assistant.

During the initial enrollment into the program, the primary care physician for
each student was contacted in order to facilitate coordination of care. If a student did
not have a primary care physician, one was established for the student. A measure-
ment of baseline asthma control was assessed for each student using the Asthma
Control Test, which is a validated tool used to assess asthma symptoms and disease
control [9]. This test was repeated every 3 months throughout participation in the
program in order to assess and track each student’s asthma control. Students whose
scores indicated suboptimal control were prompted to undergo additional steps to
help improve their asthma control [9]. Bilingual asthma counselors assisted in the
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educational component of the program. These counselors were trained on patient
navigation, motivational interviewing, and asthma self-management. The goal of
these counselors was to facilitate communication with both the students and their
parents. The counselors educated the students on proper asthma management,
inhaler techniques, and instructed them on how to best manage their asthma at home
[9]. The counselors also monitored each student’s inhaler technique over time and
scored their asthma technique in order to track their progress. Asthma counselors
were responsible for communicating with families of the participants in person or
via phone every 3 months in order to assess asthma control. They also served to
reinforce the management plans that had been discussed with the students, as well
as helping families overcome any barriers to care [5].

Over the course of the program, more than 90 Denver public school staff mem-
bers received formal asthma education and 5 school nurses became certified asthma
educators [9]. The program facilitators found a significant improvement in asthma
control, health literacy, and individual asthma planning throughout the course of the
program. Researchers cited a decreased number of asthma exacerbations, hospital-
izations, school absences, and systemic corticosteroid use [9]. Program coordina-
tors also found that through the guidance of the asthma counselors, the participant’s
inhaler technique scores improved during the course of the Step-Up program.
Through implementation of the program, the Step-Up facilitators also found a sig-
nificant increase in the number of asthma action plans and rescue medications in
Denver public schools, paving the way for improved asthma control and planning
for students in the future. The Step-Up Program generated many important learning
points regarding the implementation of a large school-based asthma program. They
stressed the key to any school-based program is open communication between stu-
dents, schools, families, and healthcare providers. They also highlighted the impor-
tance of using a validated asthma assessment tool, such as the Asthma Control Test,
to assess asthma control [9].

Final Thoughts and Future Directions

While this chapter was not meant to detail the myriad of school-based asthma pro-
grams that have been established in the United States over the past decade, the pri-
mary goal was to discuss some of the important milestones in the development of
school-based asthma programs. These programs and studies have provided a foun-
dation for the future development and implementation of school-based medical care
programs. The aforementioned programs have highlighted numerous key learning
points that are necessary to consider in future program development. They stress the
importance of clear and open communication between all involved participants
including students, parents, families, school nurses, teaching staff, and healthcare
providers. The open line of communication is the foundation for excellent medical
care coordination for these children. These programs stress the importance of
improving health literacy through educational programs and individualized
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assessments. They also outline the role that medication adherence and inhaler tech-
nique play in proper asthma control. Overall, these school-based asthma programs
provide a unique perspective to what may be the future of healthcare. These studies
have shown that implementing a school-based approach to chronic disease manage-
ment can significantly improve symptom control and health literacy, especially in
underserved or resource-limited communities. These school-based asthma pro-
grams have demonstrated that by educating young students on their asthma, it can
improve their asthma control, symptoms, and decrease the frequency of disease
exacerbation. These studies have shown that these programs also contribute to an
overall decline in the use of the healthcare system by reducing the number of emer-
gency department, urgent care, and hospital visits due to asthma exacerbations.
Ultimately, these studies have proven that school-based asthma programs help to
improve the quality of life of children living with asthma and can better prepare
them to manage their asthma symptoms in the future.

With the ever-changing healthcare system, public school funding, and healthcare
guidelines, the future of school-based asthma programs remains unclear. However,
many suggest that future directions for school-based asthma programs should focus
on developing partnerships, solidifying funding support, and improving the imple-
mentation of these programs. Researchers stress the importance of continuing to
foster partnerships between healthcare providers and schools in order to create a
circle of support for school-based asthma programs [2]. Additionally, program
administrators are urging for the implementation of streamlined asthma action plans
that are consistent between healthcare providers and school districts. Facilitating the
creation of a common asthma action plan can help curb confusion when it comes to
implementation of asthma management at both school and home. Finally, generat-
ing financial support and securing federal grants are essential for the success of
school-based asthma programs in the future. It is necessary to secure funding for
more school nurses as the student-to-school nurse ratio continues to rise throughout
the United States and secure funding for additional educational resources and
asthma educators. Today, SAMPRO continues to urge the federal government to
pass the School-Based Respiratory Health Management Act in order to create incen-
tives for schools to implement school-based asthma programs. The passage of this
legislation will also provide additional funding for the future development of these
programs. Only time will tell how school-based asthma programs will continue to
grow and evolve throughout the next decade.

In conclusion, school-based asthma programs provide a cutting-edge approach
to management of chronic conditions in pediatric populations. These programs
truly may be on the forefront of how we as a nation approach healthcare in the
future. Aside from the health benefits associated with these programs, such as
improvement in symptoms and decline in hospitalizations, these programs provide
numerous personal benefits to these children. By creating these relationships
among students, families, and program administrators, it facilitates important con-
versations between parents and their children regarding health promotion. If par-
ents begin talking to their children about the importance of health and asthma
management, it will pave the way for an open channel of communication in the
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future. School-based asthma programs also teach children that asthma is a serious
health concern. This educational component can help to dispel the myths regarding
asthma and even eliminate some of the shame and embarrassment children with
asthma experience in school. Hopefully by improving health literacy regarding
asthma in schools, it can also help to decrease the amount of bullying that children
with asthma and other medical conditions face in school environments throughout
their childhood. Perhaps most importantly, school-based asthma programs teach
children how to be accountable for their own health. Through the help of these
programs, children are learning how to manage their chronic disease and how to
care for their own bodies, which is an essential skill for them to implement through-
out the duration of their lives. These programs enforce responsibility and instill
long-term strategies for managing asthma as these children progress from child-
hood to adulthood.
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Chapter 10
Providing Feasible Solutions
for an Asthmatic Impoverished Population

Arnaldo Capriles-Hulett and Mario Sanchez-Borges

Introduction

Allergic rhinitis and asthma, which are common inflammatory conditions of the
airways, have been in rise during the past few decades globally. This is part of a
phenomenon called the modern noninfectious epidemic [1-3]. The high morbidity,
in the case of asthma, is directly associated with higher recurrence of exacerbations
and hospitalizations. Furthermore, uncontrolled asthma is associated with signifi-
cant school and work absenteeism. In this way, the high morbidity linked to asthma
results in significant direct and indirect costs, not only to asthmatic patients them-
selves but also to the society [4-6].

Asthma is closely impacted by many social and economic complexities of “mod-
ern” life of populations living in poverty (i.e., not affording medications, low air
quality, high tobacco exposure, violence, lack of access to medical care, obesity, and
unhealthy environments/housing conditions) (Table 10.1) [7, 8]. These risk factors
are linked not only to asthma but also to other respiratory noncommunicable dis-
eases (NCD), and they are consequences of trends in increased low socioeconomic
status in many urban populations around the world. Unlike the suburban life of
many cities and urban centers in the developing countries, a “modern” living in
underdeveloped countries often implies a stressful life in city dwellings [9], dealing
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Table 10.1 Environmental risk Urban living
factors for asthma morbidity in P
socially deprived populations overty

Stressful daily life

Poor air quality

Unhealthy environments/housing conditions

Tobacco exposure
Social violence

Lack of access to medical care
Obesity

Fig. 10.1 A photo of an eastern segment of Caracas, capital city of Venezuela, where 80% or more
of the population live in impoverished urban centers. A road (as shown above) separates the dwell-
ings of the predominant living conditions of the population (left side of picture) from the socioeco-
nomically affluent population (right side of picture). Eighty percent of inhabitants’ living
conditions are like the ones depicted on the left side of the photograph. (Reprinted [or adapted]
with permission. Capriles-Hulett et al. [29])

with significant poverty and lack of access to necessities of life, such as safe hous-
ing and clean water or food (Fig. 10.1).

The recent Global Burden of Diseases Report (2013) estimated that asthma to be
the fourteenth most impactful disorder in terms of disability in all ages [10]. The
impacts on disability might be even more relevant in poor societies living in city
dwellings. Urban living is a known environmental risk factor for allergies [11-13].
The loss of the protective effect of a farming/rural environment provided by the rich
microbial exposures particularly in early life is a risk factor for allergic conditions
in urban individuals. This has been proposed as the hygiene hypothesis [14, 15].
Violence, a more recently described risk factor [16-20], is also linked to living in
poor and crowded urban dwellings. Venezuela registers more than 26,000 deaths per
year, a quite significant toll affecting all of the population, and not just the socioeco-
nomically deprived. This high rate of crime has made Venezuela the second most
violent country in the world [21]. It is not surprising that the burden of asthma in
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this country is quite significant. It is noteworthy that the detrimental impact of vio-
lence and low socioeconomic on asthma is not exclusively seen in underdeveloped
countries and can be seen in similar settings in some inner-city areas of developing
countries as well. Living in extreme poverty results in adequate attention to medical
conditions such as asthma all over the world [9]. This similarity between popula-
tions living in high-crime impoverished societies creates a link between the inner-
city urban population of the developing countries [19] and crowded urban dwellings
of the developing and underdeveloping countries in terms of difficulties in the man-
agement of asthma. Therefore, research on allergies and asthma management and
development of individualized plans relevant to these inner-city populations are
necessary and can be used in continuous expansion in any underserved society in
developing or developing countries [19, 20].

What Is the Current Situation of Asthma in Venezuela?

Venezuela is located 10 degrees above the equator on the intertropical zone of Latin
America. This country has a little over 30 million of mostly young and urban (>90%
of the population live in crowded city dwellings) inhabitants with more than 80% of
population living under poverty [22, 23] (Fig. 10.2). Asthma is a common condition
in children (20% in preschoolers and 16% in adolescents) globally [1]. Unfortunately,
a high number of children with asthma in Venezuela suffer from uncontrolled dis-
ease manifested by a large number of exacerbations. The asthma exacerbations rate
is 4000 per 100,000 population per year. This is over five times of the exacerbations
reported in the United States [24]. A public asthma control program was launched
by the Ministry of Health (MoH), introducing the use of beclomethasone as the
main controller drug in 1998. However, this plan was found to be ineffective in
controlling the burden of asthma [25].

Fig. 10.2 This is a photo
of the community where
the study mentioned in
reference [24] was carried
out. Half of the people in
Caracas live in conditions
like the ones in the picture.
Eighty percent of
Venezuelans inhabit
similar homes, in what is
known as a casa de barrio.
(Reprinted [or adapted]
with permission. Capriles-
Hulett et al. [29])
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In the setting of the Ministry of Health (MoH) ambulatory care facilities, which
serve more than two thirds of the population, acute asthma stands out as the most
common reason for consultation among all respiratory diseases. Of note, asthma
ranks second or third place when all conditions are considered; sometimes, it is
positioned ahead of diarrheas [25]. The outlook of 15-20 nebulizers all running at
the same time in an acute care health facilities is a common scene — evidence for the
endemic nature and high impact of this illness in the country. In a study carried out
in a poverty-stricken community in the capital city of Caracas, 60% of asthmatic
adults and 70% of asthmatic children were found in the noncontrol status (based on
asthma control test [ACT]) [25]. It is noteworthy that there is a significant out-of-
pocket cost for asthma medications which many cannot simply afford. This results
in poor compliance and more asthma exacerbations, further flooding the public
acute healthcare facilities. On top of that, asthma attacks commonly occur at night,
while healthcare services attended by these communities are closed [24].

Considering this commonly observed scenario [9], asthma is more than just a
health condition affecting the patients, but it is a condition with strong impact on the
whole society. For the individuals living in this condition of severe poverty and
crime, asthma is a huge burden affecting their survival. In an essence, asthma is an
illness with both social and health aspects [11].

As one can see the above living conditions are not amenable to the implementa-
tion of sophisticated treatment regimens for asthma, research is needed to identify
feasible alternative treatment plans to optimize the outcomes by using cost-effective
efficacious drugs for asthma [26]. In the following sections, we have detailed some
of the recent approaches aiming to develop such simplified plans.

Proposed Strategies

Since 2006, considering the above conditions, a series of treatment proposals target-
ing the reality of life in these populations were designed and tested. This was a
certain drift away from what is considered mainstream guidelines. As explained
above, the mainstream guidelines for asthma treatment have proven to be too com-
plicated and expensive for these populations. The intention was not to “force” one
guideline approach into all contexts. Our goal was to look for the most feasible and
appropriate approach specific to the urban poverty context we were dealing with.
We also hoped to raise awareness about the severity of the condition and inform the
public health establishment about possible alternatives and likely effective strate-
gies that would work for asthma control in this environment.

We took few approaches to address this issue: (1) strategies for improvement of
asthma control by designing simple and cost-effective medications regimen of
inhaled and (2) oral medications, (3) strategies to decrease the burden of acute exac-
erbations on the public health facilitates by shortening the time that patients had to
stay in an acute care facility for nebulized treatments, and (4) development of a
cost-effective rapid immunotherapy method to decrease allergen response as a trig-
ger for asthma. These approaches are detailed in the following:
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Maintenance Treatment Plans for Asthma by Using Once-a-Day
Dosing of Inhaled Corticosteroids

Inhaled corticosteroids are the most efficacious medications for asthma control.
However, the compliance with these medications is less than optimal [27]. Basically,
a large number of patients do not take them as prescribed, which is usually two to
three times a day. Previous studies looking at the chronobiology of asthma and
inhaled steroids have shown that a once-per-day administration of inhaled cortico-
steroids at the peak of its activity during the circadian rhythm could be as effective
as the four times per day divided dosing in improving symptoms and pulmonary
functions [27]. We performed a study to investigate the effect of inhaled budesonide
400 mcg on a once-a-day regimen at 5—6 pm in allergic asthmatic children attending
an outpatient facility. These children were followed for 3.5 months. Budesonide was
administered at 5-6 pm. This regimen had a significant impact in ameliorating
symptoms (daytime, nighttime, exercise-induced symptoms, and use of rescue
bronchodilators). However, there was only a nonsignificant trend toward improve-
ment in peak flow measurements, which might have been due to the small number
of patients studied [28]. Obviously, a once-a-day regimen will improve compliance,
and as evidence by the study, it will result in better disease control.

Maintenance Treatment Plans for Asthma by Oral Medications

For the next step, an oral medication was investigated. Montelukast (MLK) is a
medication with minimal side effects, and the bonus effect on allergic rhinitis
appeared to be well suited for this task [29-31]. Furthermore, the beneficial effect
of MLK is more pronounced in environments exposed to tobacco smoke [30], a
feature commonly found in our low-income households [24]. It is noteworthy that
MLK has been shown to be as effective as inhaled steroids in reducing the number
of asthma exacerbations in children [32]. The simplicity of an oral once-a-day
effective control medication makes it a more desirable option for control for asth-
matic patients and their families. Of note, this cuts the need for education and
repeated visits compared to more complex methods of drug delivery, such as inhaled
medication. Thus, the medication could be easily started during the only contact an
asthmatic patient might have with the health system, which usually occurs during
an exacerbation. Additionally, an oral medication can overcome the compliance
problem linked to existing worries and well-known cultural bias against inhaled
medications in our population [29]. Of note, when questioned before the study,
patients preferred an oral asthma control medication over an inhaled alternative
counterpart.

A pilot study [29] was carried out over a year in a poverty-stricken district of
Caracas. We performed a double-blind placebo-controlled study with the main out-
come of “number of asthma exacerbations in need of bronchodilator nebulized
treatment in an acute healthcare facility” to receive fenoterol + ipratropium bro-
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mide, as usually employed in our ambulatory health system. The acronym EESSO
(Economically feasible, Effective, Social component, Safe, and Oral) was used to
name this trial tailored to our population. The word “eso” in Spanish implies the
imperative: “this is what it is.” MLK use, dosed according to weight, achieved a
compliance of >70%. This was estimated by counting the empty blisters used by
patients. MLK was found to significantly improve the primary outcome during the
first 6 months of treatment. Furthermore, a nonsignificant trend of improvement was
observed during the next 6 months of the study. This observed lack of significant
after 6 months of therapy was most likely due to the observed patients’ attrition in
our population. A one-page pictorial educational material complemented this strat-
egy. Unfortunately, this population was not amenable to reading a written educa-
tional material. During the study, the compliance and periodic follow-up were done
through monthly text messages and/or voice reminders via cell phone. Due to its
simplicity, this approach could be used by nonphysician healthcare providers as
effectively. It has been shown that simple medical approaches are used more effica-
ciously by nonphysician providers in the developing countries [33].

Another approach that was tested in our study and could be applied easily is for
triage of patients. A simple rule of 2’s would help identify patients in need of a con-
troller asthma treatment, a useful simple concept that can be used by all providers in
public health facilities. After starting the controlled medication if no improvement
is detected (persistence of recurrent exacerbations) during the next acute visit, a
referral to an asthma clinic would be needed. This allows for a better allocation of
resources.

In theory, a combination of an oral antihistamine and MLK might be even more
appropriate, by controlling the allergic trigger in upper and lower airways and hence
enhancing the asthma control. Close to 60% of patients in this study had rhinitis and
positive skin prick tests to Dermatophagoides (Dp/Df) and Blomia tropicalis.

Shortening the Time Spent in the Emergency Room

Another important obstacle in care of asthma patients is the overcrowded ambula-
tory and emergency settings that are flooded by acute asthma patients. Therefore,
exploring alternative approaches tailored toward shortening the emergency room
stay by decreasing the administration times of nebulized medications is needed.
Formoterol, a long-acting 2-agonist bronchodilator with the additional short-acting
effect, became a likely alternative to us. Randomly selected acute asthmatics (48
children) received either 2.5 mg of nebulized albuterol (every 20 minutes for 1 hour)
or 24 mg of nebulized formoterol (two 12 mg plus 2-cc saline). Clinical parameters
(asthma symptom score), oxygen saturations, and pulmonary functions were mea-
sured before and after treatments. Similar improvement in these parameters was
shown for both modalities [34]. We concluded that one single nebulization of for-
moterol could shorten the time spent by patients in the emergency room settings.
Furthermore, para-medical personnel’s time will be saved in the delivering of medi-
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cations, and they can help more patients and dedicate time to other acutely ill
patients who are in line. Furthermore, prolonging the bronchodilator effect of this
medication is an added significant benefit of a long-acting -agonist.

Novel Rapid Approaches for Aeroallergen Immunotherapy

Immunotherapy (IT) is a highly effective method in reducing the allergic response,
hence improving the outcome of allergic airways diseases. However, allergen
immunotherapy is considered a luxury and infrequently accessed by low-income
populations in the developing countries [35]. This is due to the high costs of the
imported allergen extracts and other material, and multiple other factors linked to
access to outpatient care. Another important consideration is that very small number
of physicians are properly trained for preparation and administration of IT [34]. The
process is very long taking 4-8 months of subcutaneous injections to reach the ther-
apeutic concentrations and then another 4-5 years to maintain the tolerance.
Intradermal route (ID) permits for lower major allergen concentrations to be
employed and likely a more cost-effective treatment approach. Given the high
immune response generated when allergens are applied through the intradermal
(ID) route, its clinical effectiveness was assessed in a pilot study. Eight
immunotherapy-naive children with allergic rhinitis were enrolled in the study [36].
A particular technique of weekly 0.05-ml ID injections in the arms (with 31 G-needle
disposable syringes) was employed. The injections were repeated weekly for
3 months. Allergens employed were standardized mite mixtures; Dp/Df (10.000 AU/
ml Dp/Df, Greer Labs) and Blomia tropicalis (Bial Labs, Zamudio, Bizkaia, Spain)
were diluted at 5 ng per 0.05-ml ID injection/week, without weekly volume incre-
ments, thus bypassing a need for a build-up phase. This method is much faster than
the approved weekly subcutaneous IT, resulting in significant cost savings.
Assessment was carried out with measuring rhinitis symptom score, serial dilutions
skin prick tests (SDSPT) and IgG4 measurements, before and after treatments.
Results were encouraging, with significant symptom improvement starting at the
fifth week of treatment. Furthermore, the rise in IgG4 for Dp/Df and SDSPT sug-
gested the mounting of a significant protective immune response. No important side
effects, except minor local injection site reactions, were noted. Mite allergens are
the predominant allergens [37, 38] in the tropical environments. Our preliminary
results are promising and warrant further investigation.

Concluding Remarks

All of the above approaches require confirmation in future studies, which are to be
performed with larger number of patients. Notwithstanding, building of an asthma
control culture is still a pending goal for practitioners and health system planners
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alike. This requires robust planning and investment in educational efforts at every
level of care. An initial barrier to overcome is the absence of initiatives to move
forward from a system focused on the acute asthma care to outpatient chronic care
for improvement of control. Much is due to lack of information and knowledge.
Patients believe that recurrent administration of bronchodilator treatments is an
appropriate treatment plan for asthma, and, on the other hand, the health system is
just focusing on treatment of these acute uncontrolled asthma exacerbations without
investing in education and planning for controller maintenance modalities.

However, with regard to the extent of above-depicted burden of disease in the
urban impoverished context and uncontrolled asthma’s significant impact, an action
that is customized to the needs and availabilities is highly in need. Obviously, a
strong, ample, and easily accessible effective healthcare system, which is able to
deliver highest quality care under proven established guidelines (i.e., GINA, in the
case of asthma), is the best option. However, this might not be possible or even close
to possible for certain areas in the developing countries [40]. Nonetheless, specially
designed programs in the context of available resources have been tried and proven
to be successful in some urban impoverished contexts. An example of that is the
successful Pro-Air program [41] in Salvador de Bahia, Brazil. This exemplary pro-
gram had educational components that with the help of international support
resulted in consistent results. Some of the important characteristics of this program
that resulted in its success include consistency over multiple years, international
support (Wellcome Foundation), well-designed educational efforts (to over 500
health personnel), solid record keeping, use of primary healthcare settings, use of
free high-dose inhaled corticosteroid + salmeterol combination for control, massive
networking effort with main stakeholders, and, above all, engaging a young and
enthusiastic group of people who have decided to move forward in tackling the
asthma problem by creating a culture of disease control.

Nevertheless, a question arises: How many of the abovementioned characteris-
tics can be easily reproduced in developing nations? This is a question that we as the
healthcare providers, epidemiologist, and clinicians should think about.
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Introduction

As defined by the U.S. Department of Health and Human Services Healthy
People 2020, a health disparity is a “particular type of health difference that is
closely linked with social or economic disadvantage. Health disparities adversely
affect groups of people who have systematically experienced greater social or
economic obstacles to health based on their racial or ethnic group, religion,
socioeconomic status, gender, mental health, cognitive, sensory, or physical dis-
ability, sexual orientation, geographic location, or other characteristics histori-
cally linked to discrimination or exclusion” [1]. As discussed in the previous
chapter, allergic diseases are also influenced significantly by health disparities
[2]. These health disparities are a systematic problem. A systematic problem
calls for a systematic answer. Fortunately, there are many networks involved in
attempting to answer the problem. Often, the stage of the efforts is in epidemio-
logic studies that define the problem, such as the prevalence and at-risk groups.
Other stages of answering the question are at implementation, such as public
health measures, improving access or educational programs. The purpose of this
chapter is to identify some of the major networks and their work in fighting
health disparities in allergic diseases.
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Governmental Organizations

Agency for Healthcare Quality Research

One of the governmental agencies that work to reduce disparities is the Agency for
Healthcare Research and Quality (AHRQ). The mission of the AHRQ is “to pro-
duce evidence to make health care safer, higher quality, more accessible, equitable,
and affordable” [3]. Asthma and allergic diseases are disorders targeted by the
AHRQ. AHRQ achieves this goal in many ways, including funding research grants
and producing tools to improve quality. These funding grants have made advances
in our knowledge of allergic diseases in minorities and impoverished populations.
A key first step is defining the problem and scope. In 2014, with a R21 grant from
AHRQ, Baptist et al. conducted focus groups of African-American young adults
with physician-diagnosed asthma [4]. Six categories of responses that included
concerns and identified barriers for this at-risk group were recognized. These cat-
egories of responses included concerns about their quality of life due to asthma;
how life responsibilities were interfering with asthma management; difficulty with
asthma medication compliance and medication concerns; how asthma manage-
ment has changed as they reached young adulthood; belief that their physician
does not understand their asthma issues; and motivation to participate in an asthma
self-management program. The final category found that this was a group very
interested in participating in an asthma self-management program. This led to a
trial an electronic asthma self-management program for African-American young
adults [5]. Over a 6-week period, the program had good retention rates, with 89%
completing the 6-week period and 77% available for 3-month follow-up evalua-
tion. Most (97%) at the 2-week postprogram interview would recommend to oth-
ers. Participation in the program led to significant improvement in control as
measured by Asthma Control Test (from 16.1 to 19.3 (P < 0.01)) and in asthma-
related quality of life as measured by the Asthma Quality of Life Questionnaire
(from 4.0 to 5.1 (P < 0.01)). These results show evidence of how AHRQ could
serve as a funding source for external investigators to test novel tools in order to
reduce disparities.

A second method by which AHRQ helps to reduce disparities is through system-
atic reviews, often in collaboration with the National Institute of Health. An exam-
ple would be the ARHQ Comparative Effectiveness Reviews, which have been done
in collaboration with the National Heart, Lung, and Blood Institute to review the
evidence for indoor allergen reduction on asthma [6, 7]. This systematic review
found that no single intervention aimed in reducing indoor allergens improved
asthma control or pulmonary physiology (forced expiratory volume in 1 second or
peak expiratory flow). Multicomponent interventions improved some of the out-
comes, but no multicomponent intervention was superior to another. In summary,
how we can reduce indoor allergens in order to improve asthma outcomes is going
to take further investigation.
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National Institute on Minority Health and Health
Disparities (NIMHD)

Another federal agency working to reduce health disparities is the National Institute
on Minority Health and Health Disparities (NIMHD) of the National Institute of
Health (NIH). The NIH has the mission to “lead scientific research to improve
minority health and reduce health disparities” [8]. One of the stated missions
NIMHD accomplishes is to “conduct and support research in minority health and
health disparities.” In an example of how NIMHD-funded research has contributed
to asthma, Bayly et al. found that secondhand smoke from electronic nicotine deliv-
ery systems, such as electronic cigarettes, among children 11-17 years old, was
associated with an adjusted odds ratio of 1.27 for reporting an asthma exacerbation
within the last 12 months [9].

This is one of the first studies associating secondhand smoke from electronic
nicotine delivery systems to a vulnerable population.

National Institute of Allergy and Infectious Diseases (NIAID)

The NIMHD is not the only institute of the NIH fighting to reduce health dis-
parities in allergic diseases. The National Institute of Allergy and Infectious
Disease (NIAID), another institute of the NIH, has been supporting the Inner
City Asthma Consortium (ICAC) since 1991 [10]. The mission of the ICAC is
“to conduct research focused on understanding how the environment, allergens
and genetics interact with the body’s immune system to cause asthma and aggra-
vate its symptoms” [11]. A major trial from ICAC was the Asthma Control
Evaluation study, whose purpose was to “assess the effectiveness of measure-
ment of fraction of exhaled nitric oxide as an adjunct to guideline-based man-
agement of asthma” [12]. Asthma patients within the age range of 12-20 years
residing in an urban census tract in which at least 20% of households had
incomes below the federal poverty threshold were eligible. This led to a sample
population that was enriched with racial and ethnic minority groups, including
64% Black, 22% Hispanic, and 14% other or mixed. All eligible asthma partici-
pants underwent a 3-week run-in period on a guideline-based treatment regimen
defined by their previous treatment, medication adherence, and control. The
participant’s adherence was monitored, and if their medication adherence, as
monitored by a dose counter, was below 25%, they were excluded from the
study and not randomized. The results of this study showed that most of the
improvement of symptoms occurred during the 3-week run-in period. While
exacerbations did occur during the randomization period, the study demon-
strated that if this underserved population is provided with guideline-based
medications, asthma control could be achieved [13].
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In the ACE study, asthma patients with allergen sensitization were one of the
subgroups that in post hoc analysis may have significantly (P = 0.0243) benefited
from the addition of exhaled nitric oxide measurements (other groups of note
included those with elevated total IgE (>460 kU/L at P = 0.0296)). These findings
led to another important NIAID-funded ICAC trial among urban children, the Inner-
City Anti-IgE Therapy for Asthma (ICATA) study.

The purpose of this trial was to determine if the addition of omalizumab, a
humanized monoclonal anti-IgE antibody, would improve disease control by reduc-
ing symptoms and exacerbations among inner city children and young adults with
persistent asthma [14].

These eligibility criteria again led to an enriched sample of patients from racial and
ethnic groups that experience healthcare disparities. Over both groups, 60% were
Black and 37% were Hispanic. The addition of omalizumab significantly reduced the
number of symptoms (P < 0.001) and the number of exacerbations (P < 0.001). The
ACE and the ICATA trials demonstrate the commitment of the NIAID in addressing
the asthma epidemic in urban youth who shoulder a disproportionate burden.

Patient-Centered Outcomes Research Institute (PCORI)

Patient-Centered Outcomes Research Institute (PCORI) is an organization focused
on improving diseases outcomes. PCORI’s mission is to “help people make
informed healthcare decisions, and improves healthcare delivery and outcomes, by
producing and promoting high-integrity, evidence-based information that comes
from research guided by patients, caregivers and the broader healthcare commu-
nity” [15]. Patient-centered research could serve as an important and effective tool
in reducing health disparities in African-American patients [16].

PCORI has funded research to support patient-centered care targeted to reduce
health disparities. Sleath et al. conducted interview of children with asthma ages
11-17 years old and their caregivers [17]. They found a discrepancy between adher-
ence reported by children and that reported by their caregivers. They also identified
that adherence to asthma medications was associated with having a higher expecta-
tions for good outcomes. Other factors that affected their adherence were difficulty
in using their inhaler (technique) and difficulty remembering to use their inhaler.
These were similar to caregiver predictors of child’s adherence. These findings iden-
tified an educational opportunity for pharmacists to improve adherence in this asthma
group that carries a high burden during the transition from childhood to adulthood.

Nongovernmental Organizations

Networks working to fight health disparities in allergic diseases can take many forms.
The aforementioned government organizations fight health disparities in allergic
diseases.
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There are also many nongovernmental organizations in this struggle.
While a comprehensive listing is beyond the scope of this chapter, the following
sections will provide details of a few nongovernmental organizations and their efforts.

Robert Wood Johnson Foundation

One of the major nongovernmental organization fighting health disparities is the
Robert Wood Johnson Foundation. The vision of General Robert Wood Johnson 1II,
the founder of the Robert Wood Johnson Foundation, was to “improve health and
health care in America, especially for those most in need” [18]. In staying true to
their founder’s vision, one of the Guiding Principles is to “seek bold and lasting
change rooted in the best available evidence, analysis, and science” and to “... cul-
tivate diversity, inclusion and collaboration.” These principles are achieved through
dissemination of findings to help communities and grants.

Dissemination of the experiences of different organization who are fighting
health disparities is one of the principles of the Robert Wood Johnson Foundation.
In 2017, a toolkit was published that presented approaches and tools for addressing
disparities [19].

Four different organizations presented their experiences, including successes and
barriers.

One success detailed was the experience of Blue Cross of California State Sponsored
Business who was able to increase pharmacy consultation, by face-to-face outreach to
small pharmacies, which led to an increase rate of appropriate controller medication
use for African Americans from 68% to 85%. This demonstrated that pharmacies could
be a partner with managed care organizations to fight health disparities.

Another role the Robert Wood Johnson Foundation has played is in grant funding
research.

The Robert Wood Johnson Foundation has funded focused literature reviews and
systematic reviews. In 2012, Press et al. completed a systematic review to character-
ized intervention with the potential to improve asthma outcomes for minority
patients [20].

From the 24 articles that were included in their review from 1950 to 2010, they
found that education from healthcare professionals appeared effective in improving
asthma outcomes.

This was despite few of the educational material being culturally tailored, which
represents an opportunity for further improvement.

RAND Corporation

Another nongovernmental organization worth mentioning is RAND Health Care.
The mission of RAND Health Care is to “promote healthier societies by improv-
ing health care systems” [21]. This mission is accomplished by conducting research
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for clients, or on its own initiative. Within this mission, RAND Health Care is work-
ing to reduce health disparities. One such research project by Lara et al. investigated
a clinic- and home-based intervention and showed significant reductions in asthma
symptoms, asthma-related emergency department visits, asthma-related hospital-
izations, and rescue medication use (while increasing controller medication use)
[22]. These findings support the idea that a multidimensional health problem like
asthma requires a multidimensional intervention.

Urban Institute

Another nongovernmental organization addressing health disparities is the Urban
Institute. The purpose of the Urban Institute is to provide “policymakers and practi-
tioners with the evidence-based, nonpartisan research they need to make smart deci-
sions and implement practical solutions” [23]. Examining how housing affects
asthma, Ganesh et al. found that the presence of tobacco smoke, mold, or leaks are
associated with higher emergency department visits and urgent care visits and that
renters are particularly at risk [24]. They identified that current building code and
inspection policies may miss asthma triggers. Additionally, though, solutions were
offered including proactive rental housing inspections, quality inspections by the
Housing and Urban Development department, smoke-free policies, and integrated
pest management. These are action items that agencies can implement to address
health disparities.

International Study of Asthma and Allergies in Childhood
(ISAAC) and the Global Asthma Network (GAN)

The governmental and nongovernmental organizations described above have mostly
a national influence in the United States. There are networks that have an interna-
tional influence in working to reducing health disparities. The International Study of
Asthma and Allergies in Childhood (ISAAC) and its successor, the Global Asthma
Network (GAN), have worked to define the global problem of asthma and solutions.
Expanding the number of countries involved in Phase 3 of the ISAAC survey, Lai
et al. determined by surveys the prevalence of current wheeze among 13- to 14-year-
old children varied from 0.8% in Tibet, China, to 32.6% in Wellington, New Zealand
[25]. There was also wide variation in the prevalence of current wheeze among 6- to
7-year-old children, ranging from 2.4% in Jodhpur, India, to 37.6% in Costa Rica.
To improve asthma care, the ISAAC group established, with the International Union
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Against Tuberculosis and Lung Disease, in 2012 the Global Asthma Network
(GAN) [26, 27]. The GAN has supported research in asthma, especially in low- to
middle-income countries. A possible tool to reduce the burden of asthma is a
national asthma strategy (program) that is a formal commitment to improve early
detection and access to anti-inflammatory treatments. In a GAN-funded study, to
identify how widespread these asthma strategies were adopted, Asher et al. found
that 25% of 120 countries had developed a national strategy [27]. The GAN has also
fought asthma disparities by publishing the Global Asthma Report of 2018 [28].
This publication identified the global disease and economic asthma burden and the
unique barriers in specific regions and countries. Not only did it identify the prob-
lems, it recognized some of the solutions that can be accomplished and also should
be implemented. For example, the Global Asthma Report identified the value of a
spacer for delivering medications. It also described how to make (Table 11.1) and
use a homemade spacer (Table 11.2 and Figs. 11.1 and 11.2). These homemade
answers to asthma health disparity problems could be helpful.

Table 11.1 Global Asthma Network (GAN) instructions on how to make a homemade spacer
from a 500-ml plastic bottle [28]

Step | Instructions

1. | Wash the bottle with soap and water and air dry for a minimum of 12 hours to reduce
electrostatic charge on the interior plastic

2. | Make a wire mold similar in size and shape to the mouthpiece of the MDI

3. | Heat the mold and hold in position on the outside of the base of the plastic bottle until the
plastic begins to melt (~10 seconds)

Rotate the mold 180° and reapply to the bottle until the mold melts through to make a
hold

4. While the bottle is still warm, insert the MDI into the hole to ensure a tight fit between the
MDI and the bottle spacer

5. | The new bottle spacer should be primed initially with 10 puffs of the medicine to reduce
electrostatic charge on the walls

Table 11.2 Global Asthma Network (GAN) instructions on how to use a homemade spacer [28]

Step | Instructions

1. | Insert the MDI into the hole at the base of the bottle spacer

2. | Hold the neck of the bottle spacer in the child’s mouth, simulating a mouthpiece and
making it easier to direct aerosol into the airways

For a young child who cannot form a tight seal with the spacer in their mouth, a small
commercially available facemask that fits on the open end of the bottle can be applied

3. | Give the child a single puff of the MDI with the spacer, followed by normal breathing.
Repeat until the desired amount of medication is given, which is frequently 2 puffs, but
may be up to 6 puffs for relief of bronchoconstriction




224 C. D. Codispoti

Fig. 11.1 Child using
homemade spacer [28]

Fig. 11.2 Mother using
homemade spacer for her
infant [28]

Summary

Health disparities in allergic diseases are increasingly recognized as barriers that
need to be eliminated. Many networks are working to eliminate these disparities.
These networks include governmental and nongovernmental organizations. These
organizations are working at a national and international level, underscoring the
prevalence of the problem and trying to provide solutions for it. The efforts of these
organizations include identifying the scope of the health disparity problem and its
impact on patients and societies, coming up with solutions that are pertinent to high-
risk groups, and sharing these solutions broadly for everyone’s benefit. Only through
constant vigilance can success be measured and, if necessary, new targets acquired.
These networks serve as sentinels in the ever-changing fight against health dispari-
ties in allergic disease.
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