Chapter 3
Heterogeneity of Asthma in Society

Rohit Divekar and William J. Calhoun

Abstract There has been an increased interest in studying other factors that affect
asthma pathogenesis and cause heterogeneity in prevalence and incidence of asthma.
The reason there are such varied expression patterns of disease in asthmatics is
because of multiple variables that affect the pathogenesis of asthma. As an exemplar
of an epidemiologic variable, we will discuss geographical location, obesity and
vitamin D status of the individual, and their effects on asthma burden in humans.
There is varying data regarding the prevalence or severity of asthma in urban versus
rural setting which is likely related to the difference of the populations studied,
complexity of causal variables involved, and local geographic factors. In addition to
cross-sectional and cohort studies in humans, animal models and studies have estab-
lished a link between asthma and obesity by investigating the mechanisms affecting
both disease processes. The complicated interrelationship between obesity and
asthma is an active area of epidemiological and experimental research with new
insights being discovered at a rapid pace. Finally, vitamin D, an important immuno-
modulator thought to be important in pathogenesis of asthma, has both mechanistic
and therapeutic implications in treatment of asthma. The influences of these factors
on the clinical expression of asthma are discussed below.
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3.1 Key Epidemiologic Factors and Influences on Asthma

The prevalence of asthma is diverse and the penetrance of the disease in the popula-
tion is variable. Since there are multiple pathogenetic factors (Fig. 3.1) that are
responsible for evolution of the disease process including but not limited to environ-
mental factors (air pollution, pollens, mold and other aeroallergens, and weather),
host factors (geographical location, BMI, smoking status, nutritional factors), agent
factors (infectious agents like respiratory syncytial virus RSV, rhinovirus, etc.), and
genetic factors (asthma susceptibility loci on genes involved in pathogenesis of the
disease), the burden of asthma in the society is also mixed. Some factors have a
direct input on the expression of the disease state like exposure to infectious asth-
mogenic viruses or exposure to allergens, while other factors act in more subtle
ways. In the section that follows, we will discuss the effect of three factors as an
exemplar of direct or indirect effect on the expression of the disease state in the
population and will cover urban—rural differences in asthma prevalence, obesity and
its link to asthma and vitamin D status, and its role in pathogenesis of asthma.
Examples of triggers that act indirectly include obesity and nutritional state of the
individual and have a broad influence on immunological or local (respiratory epi-
thelium or bronchial smooth muscle) physiological mechanisms that lead to devel-
opment of asthma. Some factors like geographical location act indirectly or directly
because there are many things that influence the asthmogenic triggers like local
weather, environmental pollutants, prevalent aeroallergens, and effects of local
ecosystems.
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Fig. 3.1 Multiple causal factors in expression of asthma in society
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3.2 Role of Urbanization

Asthma has a genetic component in pathogenesis, but the effect of the environment
is also extremely important, and the increased exposure to air pollutants and inhal-
ants may intuitively suggest an increase in respiratory-related disease in adults and
children. Outdoors air pollution including ozone, diesel fumes, smoke, and small
particulate matter is thought to contribute to the pathogenesis of airway hyperre-
sponsiveness and has been reviewed in Chap. 3. ISAAC study has demonstrated that
globally for affluent nations, the combined odds ratio for association of atopic sen-
sitization (positive skin prick test) and asthma symptoms (wheezing) was approxi-
mately twice compared to nonaffluent nations (Weinmayr et al. 2007). The authors
observed a link between improving economic development and atopic sensitization
and asthma symptoms.

3.2.1 Increased Asthma in Urban
Setting: Case for Local Factors

It may be inferred that since economic progress shares some basis in urban-industrial
development, urbanization directly or indirectly may be responsible for higher rates
of asthma. This has been demonstrated to be true at least in few instances where
prevalence of asthma increased with increasing level of urbanization (Rodriguez
et al. 2011). Specific epidemiologic studies to address the question of urban—rural
disparity in asthma prevalence have been conducted using the National Health
Survey (1988), which showed significant increase in asthma reported from urban
areas (7.1 %) as compared to rural areas (5.7 %) (Gergen et al. 1988). The finding
that urban areas have higher prevalence of asthma than rural areas was also docu-
mented in Canada, where investigators looked at age-defined cross-sectional data
and found that asthma had lower prevalence in rural areas (Lawson et al. 2011).
These differences have been validated by direct bronchoprovocation challenge stud-
ies between rural and urban residents with higher hyperreactivity in urban children
with asthma (Turner et al. 1986). Whether increase in asthma secondary to urban-
ization was a direct consequence of human development or due to increase in atopy
from urbanization in the population is still being investigated. In a study by Bibi
et al. of the 448 asthmatic children tested, those living in urban areas demonstrated
more allergic response to indoor and outdoor allergens (Bibi et al. 2002). There are
also clues indicating that urban environment affects asthma prevalence without
affecting atopy. Environmental air pollution is thought to have a direct influence on
asthma, especially in previously sensitized individuals, where it made preexisting
symptoms worse (Corbo et al. 1993). GABRIEL advance studies have shown a
protective effect of farm exposure in asthma independent of atopic status (Fuchs
et al. 2012).
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3.2.2 Conflicting Results: Rural Versus Urban Asthma Debate

As early as 1978, Bouhuys et al. published that there was no difference in lung func-
tion tests between lifetime residents in a rural area and those in a small industrial
town in Connecticut, USA (Bouhuys et al. 1978). The incongruence between air
pollution and airway responsiveness was mirrored when bronchial hyperresponsive-
ness and asthma in young students in Guangzhou, China, were studied, and there
was no significant difference between urban and rural population (Zhong et al.
1990). This lack of difference in lung function between long-standing residents of
urban versus rural residents was surprising and may reflect the local environmental
effects or protective genetic factors in populations studied. The importance of
location-specific results is demonstrated by studies that show that overall preva-
lence of asthma is not different between urban and rural residence areas (Morrison
et al. 2009) or that the difference is in increased morbidity from asthma in rural
areas as opposed to prevalence (Pesek et al. 2010).

NHANES 1I found that residents of urban areas reported reduced prevalence of
asthma as compared to residents of rural areas (Turkeltaub and Gergen 1991). In a
study based in Tennessee, USA, rural children had increased asthma prevalence but
similar asthma morbidity compared to urban children (Valet et al. 2011). The con-
flicting data regarding the different results of prevalence of asthma in urban setting
is likely related to the heterogeneity of the populations studied, complexity of
causal variables involved, and local geographic factors. Each defined geographic
location has a distinct and unique set of factors that may be contributing to patho-
genesis of asthma.

3.3 Obesity

Asthma manifests with dyspnea and wheezing which can also be seen in obese
individuals. There has been a tremendous interest in obesity-related diseases
including asthma in the recent time. In addition to the cross-sectional and cohort
studies in humans showing a modest increase in asthma with increasing prevalence
of obesity, animal models and studies have also established a link between asthma
and obesity by investigating the mechanisms affecting both disease processes
(Beuther et al. 2006).

3.3.1 Correlative Studies of Obesity and Asthma

In children with single diagnosis of asthma, the prevalence of being overweight was
significantly higher in those with moderate to severe asthma (Luder et al. 1998).
Though the population here was predominantly black and Hispanic children from
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inner cities, this was also reported to be an issue in women. In a prospective cohort
after controlling for the confounding factors, relative risk for asthma increased
as BMI increased. Moreover, women who gained weight after age 18 were at
increased risk of developing asthma (Camargo et al. 1999). This propensity to
develop asthma after weight gain was not limited to adult-onset obesity but was also
documented in preadolescent girls who became obese between 6 and 11 years of
age (Castro-Rodriguez et al. 2001). Thus, the risk for asthma shows an increase with
increase in BMI since childhood. While data seem definitive in women (Guerra
et al. 2002), a meta-analysis showed a similar increase in odds ratio of incident
asthma due to increasing weight in men as well (Beuther and Sutherland 2007).
Correlation with asthma is not universal with all morphometric types of obesity;
central obesity was significantly associated with increased risk of nonatopic asthma
(Appleton et al. 2006).

3.3.2 Mechanisms of Effect of Obesity on Asthma

While it is instinctive that increased weight may have a restrictive effect on lung
function, there are, in addition, bronchospastic and non-bronchospastic mechanisms
in place. While adult men with lowest and highest BMI were more likely to develop
airway hyperresponsiveness (Litonjua et al. 2002) demonstrating a nonlinear rela-
tionship, each increase in BMI of five units in children was associated with a
decrease in FEV1/FVC of over 1 % with mild-to-moderate asthma (Tantisira et al.
2003). The distinction between airflow limitation and dynamic airway hyperrespon-
siveness is important in obese individuals, and it may be that not all obese individu-
als have wheezing as a consequence of increase airway hyperreactivity.

Leptin and adiponectin are adipocyte-derived hormones, demonstrating immu-
nomodulatory effects, and have been studied for their effect on asthma in human
subjects. Adiponectin levels have been shown to be inversely related to asthma
symptoms and positively with FEVI/FVC ratio in male subjects independent of
body size (Kattan et al. 2010). Increased levels of leptin correlated with obesity
status of children, and higher levels of leptin were associated with bronchial
hyperresponsiveness induced by exercise challenge (Baek et al. 2011). Although
associative studies do not offer insights into the causal role of the factors being
studied, the direct role of adipokines in asthma has been elucidated in the labora-
tory using animal models of asthma. Leptin infusion augmented methacholine
hyperresponsiveness and serum IgE response in mice alluding to a possible role of
serum leptin in pathogenesis of asthma (Shore et al. 2005). In contrast to effect of
leptin, adiponectin treatment has shown reduced OVA-induced allergic airway
responses in mice indicating a protective effect of this hormone on pathogenesis of
asthma (Shore et al. 2006).

In addition to airway hyperresponsiveness as a cause of increased asthma, other
immune mechanisms have been investigated for their role in asthma with mixed
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results. While obese difficult-to-treat asthmatics demonstrated an inverse relation-
ship to sputum eosinophils and FeNO with increasing body mass (Van Veen et al. 2008),
there was no association between BMI and airway inflammation (including eosino-
phils) as measured by sputum cell counts (Todd et al. 2007). Results of studies
attempting to find associations between systemic inflammation and asthma have
been unclear as well. The question whether asthma develops in parallel to obesity or
precedes or follows obesity is a difficult one to answer in human subjects. Using a
cohort of patients from the NHEFS (nutrition evaluation survey epidemiologic fol-
low-up study), increasing BMI was associated with increased asthma prevalence,
but during observation period there was no increased incidence of asthma with
increasing BMI (Stanley et al. 2005).

3.3.3 Treatment Considerations in Obese Asthmatics

Obese adults had poorer asthma control and higher likelihood of asthma-related
hospitalizations (Mosen et al. 2008). In addition to the pathologic aspects of disease
itself, there was also a synergistic influence of obesity on asthma. Compared to
normal children as controls, quality of life was poorer in children with obesity and
asthma, compared to children with asthma and normal weight and only overweight
children (Van Gent et al. 2007). Besides physical impediments to asthma care and
issues with symptom perception (Lessard et al. 2008), elevated BMI has effects on
response to medications on a pharmacological level. Higher BMI was associated
with blunted in vitro response to dexamethasone in obese patients with asthma
(Sutherland et al. 2008). Obese asthmatics demonstrated less improvement with
inhaled corticosteroids as measured by lung function and exhaled feNO than lean
asthma patients (Sutherland et al. 2009). This reduction in benefit was also seen
with combination controller therapy in obese asthmatics compared to normal asth-
matics (Camargo et al. 2010). These differences could be related to the difference in
distribution of the drug, metabolism, and receptor function in obese individuals
resulting in a distinctive response to medications. This complicated interrelation-
ship between obesity and asthma is an active area of epidemiological and experi-
mental research with new results being discovered at a rapid pace.

3.4 Vitamin D

Airway inflammation in asthma plays an important role in disease progression.
Early observations suggesting a pivotal role of vitamin D modulation of immune
system and the immunological basis of airway inflammation alludes to effect of
vitamin D on asthma (Mora et al. 2008).
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3.4.1 Relationship of Vitamin D and Pediatric Asthma

Insufficient vitamin D levels were associated with higher odds of exacerbation of
asthma in children (Brehm et al. 2010). The magnitude of association of vitamin D
deficiency and severity of asthma exacerbation was greater in children with non-
atopic disease (Brehm et al. 2012). The relationship between vitamin D-deficient
state and asthma was not only quantitative but also temporal because vitamin D
levels at younger age were predictive of asthma—allergy phenotype at later ages
(Hollams et al. 2011). Several studies have also looked at the role of maternal vita-
min D levels and the outcome in offspring of those mothers. Surprisingly, both low
and high levels of maternal vitamin D were associated with increased total and
specific IgE through age 5 years, but this study did not find an association between
vitamin D levels in cord blood and asthma in children (Rothers et al. 2011). While
some studies found that higher maternal vitamin D levels were associated with
decreased odds of asthma (Carroll et al. 2011), other investigators have not found a
significant association between maternal late-pregnancy 25-hydroxyvitamin D status,
and either asthma or wheeze at age 6 years (Pike et al. 2012) indicating that the role
of maternal vitamin D levels in development of asthma in offspring is complex.

3.4.2 Adult Vitamin D and Asthma

There is increasing evidence regarding the role of vitamin D in adult asthma, and
results from studies in non-pediatric segments of the population point towards an
important role of vitamin D. Each 10 ng/ml decrease in vitamin D was associated
with 8 % greater odds of asthma (Keet et al. 2011). A correlation between the latitude,
sun exposure, and adult asthma prevalence has also been reported. Each 10-degree
change in geographical latitude from southern to northern regions of eastern seaboard
in the USA was associated with 2 % increase in adult asthma prevalence (Krstic
2011). This effect of vitamin D on the pathogenesis of asthma seems disease specific
because baseline vitamin D levels had no relationship to rates of acute exacerbation
of COPD or time to first exacerbation of COPD (Kunisaki et al. 2012).

3.4.3 Mechanisms of Vitamin D Modulation of Asthma

There is pathologic basis for poor asthma control and propensity to worsening in
populations that have lower levels of vitamin D. Children with severe treatment-
resistant asthma with lower vitamin D were associated with higher airway smooth
muscle mass likely contributing to a worse lung function and poor asthma control
(Gupta et al. 2011). Low vitamin D was associated with higher levels of serum IgE
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in pediatric asthmatic patients studied (Goleva et al. 2012). In offspring of vitamin
D-deficient mice, increase in proliferation and cytokine production was seen in air-
way draining lymph nodes in response to OVA-induced asthma signifying an acti-
vated immune phenotype (Gorman et al. 2012). Vitamin D has a myriad of biologic
effects, which have been shown to orchestrate essential roles in immune activation
including downregulation of co-stimulators CD80/86, RANTES, CD40, MMPs,
and PDGF while upregulating immunomodulators like IL-10 (Sandhu and Casale
2010). In addition to its effect in cell surface markers and biomolecules, levels of
vitamin D were found to be positively correlated with Treg numbers. Regulatory T
cells (Treg) are important in damping immune responses from effector T and help
suppress inflammatory states. In addition to affecting immune system, vitamin D
deficiency also has been shown to affect the physical properties of the lung in ani-
mal models including demonstration of reduction in lung volume in mice (Zosky
et al. 2011). Thus, it is evident vitamin D has broad and overreaching influence on
the genesis and evolution of asthma.

3.4.4 Treatment Considerations

The implications of vitamin D deficiency in asthma are not only mechanistic but
also have therapeutic consequences. In animal studies, administration of vitamin D3
in ovalbumin (OVA)-induced asthma model of mice inhibited bronchial hyperre-
sponsiveness, OVA-specific IgE, airway eosinophilia, and Th2-related cytokines in
conjunction with OVA immunotherapy (Taher et al. 2008). Studies in humans have
supported the role of vitamin D in asthma as well with reduced vitamin D being
associated with impaired lung function, increased AHR, and reduced response to
glucocorticoids in nonsmoking asthmatic patients (Sutherland et al. 2010). Levels
of vitamin D have been demonstrated to have strong inverse correlation to the use of
inhaled steroids or oral steroids in children with asthma (Searing et al. 2010), and
children treated with inhaled budesonide and supplemented with vitamin D had
fewer asthma exacerbations (Majak et al. 2011). These results point to an important
role of vitamin D in treatment of asthma. At the present time, there is little evidence
that treating vitamin D deficiency improves asthma, but there are several prospec-
tive clinical trials underway testing the hypothesis. While it may be premature to
measure vitamin D levels in all asthmatics, it may be worthwhile considering levels
of vitamin D in difficult-to-control asthmatics or those with severe asthma.

3.5 Summary

It is important to realize the variegated clinical presentation of asthma and the het-
erogeneous expression of the disease in the population share some of the causal
factors. Recognition of these expression patterns of disease and appropriate identi-
fication of triggers will help clarify pathogenic mechanisms and allow for a patient-
specific treatment regimen.
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