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ASTHMA EPIDEMIOLOGY, BURDEN, AND PATHOPHYSIOLOGY

Asthma is a chronic inflammatory disorder of the air-
ways characterized by airflow obstruction, height-
ened bronchial response, and underlying inflamma-

tion.1,2 The acute manifestations of the disorder, often called 
“asthma attacks,” are periodic, recurrent episodes caused by 
chronically hyperactive and inflamed airways, leading to air-
flow obstruction.2

For most patients, asthma onset begins in childhood, with 
patterns of inflammation and disease persistence determined 
by early, recognizable risk factors, including parental history of 
asthma and atopy (a genetic predisposition toward allergic 
hypersensitivity reactions).3,4 

During an acute exacerbation, individuals may experience 
wheezing, coughing, chest tightness, chest pain, or shortness 
of breath. The severity of asthma attacks varies from mild to 
moderate to severe. In extreme cases, attacks may be life- 
threatening and require immediate medical attention.1,2,5

There is no known cure for asthma.6 However, it can be 
controlled with appropriate medical care, and by avoiding 
exposures (particularly environmental exposures that may 
trigger an attack), exacerbations can be lessened and severe 
exacerbations should be rare.7 

Epidemiology and Risk Factors
Asthma is a significant public health issue, affecting about 

300 million people worldwide.8 In 2009, it was estimated that 
1 in 12 people (approximately 25 million) had asthma in the 
United States alone.9 Asthma prevalence has been on 
the rise, increasing from 3.1% in 1980 to 5.5% in 1996 
and 7.3% in 2001 to 8.4% in 2010.10 

Race and ethnicity may play a role in asthma preva-
lence, as evidenced by data from 2001 through 2010. 
Higher rates of asthma were observed among blacks 
than whites and Hispanics, whereas Hispanics had 
lower rates than either group (Figure 1).10

In addition to race/ethnicity, asthma prevalence var-
ies by a number of modifiable and nonmodifiable risk 
factors, including weight, tobacco use, age, socioeco-
nomic status, and geography.11 Overall, it is more prev-
alent in children than adults. In terms of gender, asthma 
is more prevalent in women than men; however, among 
children, boys have a higher prevalence (11.3%) than 
girls (7.9%). Not surprisingly, the prevalence of asthma 
is higher among families living in poverty compared 

with those who have incomes above the federal poverty level.1

Asthma prevalence also varies from state to state, as shown by 
Behavioral Risk Factor Surveillance System data (Figure 2).12

Obesity has been receiving increasing attention as a risk 
factor for asthma. In a study published last year, Zhang and 
colleagues reported a high prevalence of asthma among obese 
(10.2%, 95% confidence interval [CI], 10.0-10.3) and mor-
bidly obese (18.2%, 95% CI, 17.7-18.7) persons, concluding 
that the ongoing obesity epidemic could be contributing to an 
increased prevalence of asthma among adults in some states.11 

Economic Burden of Asthma
In 2007, the total societal cost of asthma was estimated at 

$56 billion. Most of this total ($50.1 billion) was attributed to 
medical expenses, whereas loss of productivity resulting from 
missed schooldays or workdays and premature death accounted 
for the remainder.13 By 2008, working adults who experienced 
1 or more asthma attacks during the previous 12 months missed 

Asthma Epidemiology, Burden, and 
Pathophysiology
Matthew Wendling, MPH

Figure 1. Asthma prevalence by race/ethnicity in the United 
States (2001-2010).

Source: Centers for Disease Control and Prevention: Asthma Prevalence in the US 2014.
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The severity of asthma attacks varies from 
mild to moderate to severe. In extreme 

cases, attacks may be life-threatening and 
require immediate medical attention.
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a combined total of 14.2 million days of work due to asthma.1 
In 2010, asthma accounted for 3404 deaths; 439,400 hos-

pitalizations; 1.8 million emergency department visits; and 
14.2 million physician office visits.14 It was estimated that 
from 2002 to 2007, the value of productivity loss attributable 
to asthma was $2.03 billion because of morbidity and $2.37 
billion because of mortality, per year. In addition, asthma 
was responsible for incremental direct medical costs of 
$3259 per person per year.13 In terms of healthcare utiliza-
tion, asthma is responsible for an estimated 15.0 million 
outpatient visits per year.15

Pathophysiology 
Although the root causes of the inflammatory process lead-

ing to asthma are yet to be fully explained, the development 
of asthma appears to involve the interaction between genetic 
and environmental factors that take place at a critical point in 
the development of the immune system.2,16 

The pathophysiology of asthma is complex and involves 
mechanisms of adaptive and nonadaptive immunity that re-
sult in airway inflammation, intermittent airflow obstruction, 
and bronchial hyperresponsiveness.2,17 Evidence indicates 
that patterns of inflammation vary according to phenotypic 
differences, which are identifiable clusters of demographic, 
clinical, or pathophysiological characteristics, including al-
lergic asthma, nonallergic asthma, late-onset asthma, asthma 
with fixed airflow limitation, and asthma with obesity.3 Al-
though some phenotype-guided treatments are available for 

patients with severe asthma, thus far, phenotypes have 
not correlated strongly with specific pathological pro-
cesses or treatment responses.3 

In allergic asthma—the most common form of the 
disease—T helper type 2 (TH2) lymphocytes produce 
interleukin (IL)-4, IL-5, IL-9, and IL-13 in response to 
airborne allergens. These cytokines regulate the aller-
gen-specific synthesis of immunoglobulin E (IgE) from 
B cells, promote the growth and differentiation of mast 
cells and eosinophils and the recruitment and activa-
tion of basophils, and directly cause airway hyperreac-
tivity, a hallmark characteristic of asthma.17,18 

Airway Inflammation
In asthma, the mechanism of inflammation varies 

from acute to subacute to chronic.19 Most patients have 
chronic inflammation, which persists over many years. 
In addition to ongoing chronic inflammation, patients 
may also experience acute inflammatory episodes, or 
exacerbations, of asthma.19,20

Airway inflammation is characterized by varying de-
grees of mucus hypersecretion, desquamation of the ep-
ithelium, smooth muscle hyperplasia, and airway re-
modeling.19 The degree of airway hyperresponsiveness is 
usually correlated with the clinical severity of asthma.21

Chronic inflammation of the airways is associated with in-
creased bronchial hyperresponsiveness, which leads to bron-
chospasm and typical symptoms of wheezing, shortness of 
breath, and coughing following exposure to triggers such as 
allergens, environmental irritants, or viruses. In some patients 
with chronic asthma, airflow limitation may be only partially 
reversible because of airway remodeling, which is character-
ized by hypertrophy and hyperplasia of smooth muscle, subep-
ithelial fibrosis, injury to epithelial cells, and angiogenesis.2

Several cell types are involved in the inflammatory process, 
including mast cells, macrophages, eosinophils, epithelial 
cells, endothelial cells, and activated T lymphocytes. Patients 
with asthma have elevated numbers of mast cells in the 
smooth muscle lining the airways. Mast cells play a role in 
initiating the acute bronchoconstrictor responses to allergens 
and other stimuli,20 and are thought to be an important con-

Figure 2. Adult self-reported asthma prevalence rates in the 
United States.

Source: Centers for Disease Control and Prevention 2010. www.cdc.gov/asthma/brfss/2010/current/ 
mapC1.htm.

The pathophysiology of asthma is complex 
and involves mechanisms of adaptive and 
nonadaptive immunity that result in airway 

inflammation, intermittent airflow obstruction, 
and bronchial hyperresponsiveness.
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tributor in cases of severe asthma. A greater proportion of 
chymase-positive mast cells in the airways and increased pros-
taglandin D2 levels have been identified as important predic-
tors of severe asthma.22

Macrophages are thought to be activated by IgE recep-
tors present on allergenic cells and cell components, and 
may both increase and decrease inflammation, depending 
on the stimulus.20

Eosinophils are also thought to play a central role in asthma 
pathophysiology. The presence of elevated eosinophil counts 
are linked to airway hyperresponsiveness. In animal studies, 
activated eosinophils have shown direct inflammatory chang-
es in the airway.20 Enhanced eosinophilic activity is mediated 
by TH2 cells, which activates vascular cell adhesion mole-
cule-1 to facilitate the preferential movement of circulating 
eosinophils to the airways.20,23 

Structural cells of the airways, including epithelial and endo-
thelial cells, are thought to be an important source of inflamma-
tory mediators, such as cytokines and lipid mediators. Moreover, 
epithelial cells may have a key role in translating inhaled envi-
ronmental signals into an airway inflammatory response.20 

Neutrophils may also be involved in patients with certain 
asthma phenotypes. Elevated neutrophil activity has been 
found in patients with sudden-onset, fatal asthma exacerba-
tions, in cases of occupational asthma, and in patients who 
smoke tobacco. However, it has not been determined whether 
neutrophils have a causative role in these fatal exacerbations.2,20,24

Two additional cell types, invariant natural killer T 
(iNKT) cells and innate lymphoid cells (ILCs), have been 
found to produce cytokines that mediate the inflammatory 
process in asthma, independently of adaptive immunity and 
conventional antigens. Although the specific roles of iNKT 
cells and ILCs in immunity are still being defined, these cells 
respond to environmental triggers important in clinical asth-
ma and may function independently and in conjunction with 
adaptive immunity to shape immunity environmental trig-
gers, including specific allergens, microbes, and foods.17

Airflow Obstruction
Airflow obstruction can be caused by a variety of changes, 

including bronchoconstriction, edema, mucus plug formation, 

and airway remodeling (Figure 3).25 Acute bronchoconstric-
tion, which is the primary manifestation of the early asthmat-
ic response, takes place when IgE-dependent mediators are 
released upon exposure to airbound allergens. Airway edema, 
which typically occurs 6 to 24 hours following an allergen 
challenge, constitutes late asthmatic response. Chronic mucus 
plug formation, which consists of serum proteins and cell de-
bris that accumulate in the airways, may take weeks to resolve. 
The structural changes associated with chronic inflammation 
may limit the reversibility of airway obstruction, resulting in 
permanent tissue impairment.26

Airway obstruction causes resistance to airflow and de-
creased expiratory flow rates. Over time, patients may experi-
ence irreversible decline in lung function because of persistent, 
chronic pathology that results in thickening of airway walls.26

Bronchial Hyperresponsiveness
Bronchial hyperresponsiveness is an exaggerated reponse to 

stimuli, leading to excessive bronchial narrowing.27 Although 
it is recognized as an important feature in asthma, it does not 
occur in all patients with the disease.28 Moreover, bronchial 
hyperresponsiveness is not specific to asthma, and may also be 
caused by endogenous pathologies such as chronic obstructive 
pulmonary disease (COPD), viral respiratory infection, and 
cystic fibrosis as well as exogenous stimuli, including atopy, 
tobacco smoking, smoke inhalation, and near-drowning.27

Although the precise biochemical mechanisms have not 
been fully elucidated, the pathogenesis of bronchial hyperre-
sponsiveness depends on the underlying pathological process. 

Figure 3. Multiple mechanisms of airflow  
obstruction in asthma.

Source: Doeing DC et al. J Appl Physiol. 2013;114:834-843. Reprinted with permission.

Structural cells of the airways,  
including epithelial and endothelial cells,  
are thought to be an important source  
of inflammatory mediators, such as  

cytokines and lipid mediators. 
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As a result, there are important differences in the pathogene-
sis of bronchial hyperresponsiveness in patients with asthma, 
COPD, or allergic rhinitis.29 

Bronchial hyperresponsiveness is associated with the influx 
of inflammatory cells.28 In asthma, epithelial shedding and 
subsequent loss of barrier function can contribute to bronchi-
al hyperresponsiveness by allowing allergens to penetrate the 
epithelial barrier. Epithelial damage also results in the loss of 
enzymes that break down inflammatory mediators, which may 
exacerbate the inflammatory process.30 

The precise pathological mechanisms involved in bron-
chial hyperresponsiveness are currently being explored. 
Researchers have found that the TH2 cytokines IL-4, IL-5, 
and IL-13 are each associated with worsening of bronchial 
hyperresponsiveness in animal models. Specific interventions 
to block each of these cytokines in humans with asthma may 
warrant further investigation.28

Summary
Overall, it appears that the development of asthma in-

volves an interaction between host factors (particularly genet-
ics) and environmental exposures that occur at a crucial point 
in the development of the immune system.2,16

Atopy, the genetic predisposition for the development of 
an IgE-mediated response to common airborne allergens, such 
as mites, animal dander, pollen, mold, and fungi, is the stron-
gest identifiable predisposing factor for developing asthma. In 
addition, viral respiratory infections are one of the most im-
portant causes of exacerbations of asthma and may also con-
tribute to the development of the disease.31

A variety of other factors have also been linked to asthma 
or airway hyperreactivity, including exercise, chronic comor-
bid conditions (eg, gastroesophageal reflux disease and obe-
sity), aspirin or other nonsteroidal anti-inflammatory drugs, 
beta-blockers, emotional hypersensitivity, tobacco smoke, 
occupational exposure (eg, cold air, chemical irritants, or air 
pollution), and stress.31,32

The interaction of the pathophysiological features of asth-
ma determines the clinical manifestations and disease sever-
ity, as well as the response to treatment.2 

Although the critical role of airway inflammation in asthma 
pathology is clear, considerable variations exist in patterns of 
inflammation, which suggests that phenotypic differences may 
influence treatment responses. Further research is warranted 

regarding the potential clinical utility of a targeted approach to 
treatment based on the asthma phenotype profile.2,3 

However, since it is a central feature of asthma, mitigating 
inflammation remains a primary target of treatment. Although 
current therapeutic approaches are effective in controlling 
symptoms, reducing airflow limitation, and preventing exacer-
bations, they do not appear to prevent progression of the un-
derlying disease severity.31 As inflammatory and genetic fac-
tors become better understood at the cellular and molecular 
levels, new therapeutic approaches may be developed that will 
allow even greater specificity, to tailor treatment to the indi-
vidual patient’s needs and circumstances.33 Emerging research 
that seeks to identify more targeted therapies for asthma will 
be discussed in more detail in the next issue of this series. n
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The prevalence and cost of asthma are considerable. In 
2010, an estimated 25.7 million Americans had asth-
ma, and direct and indirect costs related to the care 

of this disorder totaled a staggering $56 billion in 2007.1,2 
According to the 2012 Behavioral Risk Factor Surveillance 
System, 49% of patients with asthma reported an attack in the 
past year, 11% reported no symptoms in the past year, and 
43% reported no physician visits in the past year. Furthermore, 
only 27% of patients reported having an asthma management 
plan, and 33% reported missing work or days of reduced activ-
ity.3 Clearly, there is room for improvement when it comes to 
the management of asthma in the United States.

One of the most important questions facing practitioners 
when a patient presents with symptoms of cough, wheezing, 
nocturnal signs, and sleep disruption, is whether the individ-
ual has asthma.4 To establish a diagnosis, practitioners 
should access patient history, and inquire about symptoms 
to determine if they are consistent with recurrent episodes 
of airflow obstruction.4 

The key signs of asthma include recurrent wheezing, short-
ness of breath, chest tightness, and cough that vary over time 
and intensity.4 Variable expiratory airflow limitation is noted 
if measurements of peak expiratory flow rates are made. 
Typically, symptoms are worse at night or in the early morn-
ing, and may be triggered by infections, exercise, allergens, 
weather, and irritants.4 

Obesity is an important risk factor for asthma, as it often 
results in an altered pulmonary physiology and increased air-
way resistance. In addition, obesity is associated with more 
asthma exacerbations, especially in women.5 Patients with 
asthma who are obese tend to have more airway symptoms 
and airway inflammation. These patients also respond differ-
ently to asthma medications. Therefore, it is imperative to 
manage obesity in order to improve airway hyperresponsive-
ness and inflammation.6-8

Various tools can be used to assess and monitor asthma, 
such as spirometry, which provides an objective measure of 
lung function; the forced expiratory volume in 1 second 
(FEV1)/forced vital capacity ratio of >0.75 to 0.80 is consid-
ered normal in adult patients.3 Other asthma assessment tools 
include asthma control questionnaires, asthma control tests, 
and peak flow meters.9

The clinical symptoms of asthma may vary greatly in terms 
of severity. Some of the characteristics of severe asthma 
include chronic airflow obstruction, eosinophilic and/or neu-
trophilic asthma, corticosteroid insensitivity, and recurrent 
exacerbations.9 Given the fact that asthma is heterogenous in 
terms of the underlying clinical and inflammatory phenotypes 
involved, the care of patients is moving toward a more person-
alized, targeted approach.

In the future, we will have phenotype-targeted treatments 
based on the pathophysiology and biomarkers of asthma.10 
Phenotyping patients with asthma with links to pathophysio-
logical mechanisms will lead to a more precise, rational way of 
providing specific treatments to the individual patient. For 
example, patients with recurrent exacerbations who have 
sputum or blood eosinophils may be candidates for anti-inter-
leukin-5 antibody treatment; and patients with chronic air-
flow obstruction, airway wall remodeling, low FEV1 levels, 
and high serum periostin levels may be candidates for anti-
interleukin-13 antibody treatment. In addition, patients with 
neutrophils in the sputum may be more responsive to macro-
lide antibiotics, and patients with eosinophilic asthma may be 
more responsive to an anti-interleukin-4 receptor.10 n
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Managed care organizations (MCOs) allocate resourc-
es to improve the quality of asthma care while 
controlling asthma-related drug costs. MCOs that 

are accredited by the National Committee for Quality 
Assurance (NCQA) focus on Healthcare Effectiveness Data 
and Information Set (HEDIS) measures to develop manage-
ment strategies for drugs. NCQA-accredited MCOs strive to 
create and maintain a drug formulary that offers value to the 
member; value is defined as outcomes relative to costs.1

HEDIS measures are divided into 2 categories: (1) preven-
tive care and (2) condition-specific care. The targeted areas 
for condition-specific care focus on asthma, cardiac condi-
tions, chronic obstructive pulmonary disease, depression, dia-
betes, mental illness, rheumatoid arthritis, tobacco use, and 
alcohol and drug abuse.2 The 2015 HEDIS measures for asth-
ma include the use of appropriate medications and medication 
management.3 The HEDIS quality metrics and the overall 
value of the drug are taken into consideration when managed 
care pharmacy teams develop utilization management strate-
gies to address pharmacy costs.

The main article in this publication provides an excellent 
update for healthcare professionals regarding asthma and its 
prevalence, pathophysiology, and economic burden. The 
prevalence of asthma continues to rise along with treat-
ment-related costs. The pathophysiology of asthma remains a 
complex subject, with treatment still focused on controlling 
symptoms rather than halting disease progression. Therefore, 

managing patients with asthma continues to focus on symp-
tom control and avoidance of triggers of an exacerbation.

The economic burden of asthma is well known. Outpatient 
visits, emergency department visits, and hospitalizations are 
the key drivers of asthma-related costs.  To reduce these costs 
and improve patient outcomes, MCOs have established disease 
state management programs that utilize case managers and 
drug formulary designs, such as Pitney Bowes’s value-based 
benefit design.4 In order to effectively manage asthma at the 
health plan level, multiple departments within the organiza-
tion need to work together to achieve a common goal.

On the pharmacy side, a managed care’s annual drug 
spending and patient compliance to medication regimens 
are monitored, using formulary design and management 
techniques to provide cost-effective options for patients. 
Pharmacy departments work with medical management de-
partments to identify patients who are over- or underutiliz-
ing medications in an effort to reduce exacerbations that 
lead to hospitalization. Using claims data on the pharmacy 
and medical side allows the health plan to apply resources in 
the most effective manner.

Asthma disease progression is based on genetic and envi-
ronmental factors. By understanding the disease process and 
identifying allergens that trigger asthma attacks, patients can 
better manage their symptoms. As novel targeted therapies 
continue to be developed, health plans are monitoring pipe-
line drug development to prepare for potential new therapies 
that will target asthma disease progression. It is hoped that 
these advances will lead to improved outcomes for patients 
with this disorder. n
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Asthma continues to be an important chronic condi-
tion for public and private payers, especially given 
the fact that it ranks as the top pediatric condition 

for commercial and managed Medicaid plans.1 From a clinical 
perspective, asthma management has evolved considerably in 
the past 2 decades, leading to better self-management and 
more appropriate use of medications. Perhaps most notably, 
improvements in asthma control have resulted in improved 
outcomes and quality of life for patients and their families.

In terms of payer mix, asthma disproportionately affects 
Medicaid members for 2 reasons. First, asthma is more preva-
lent among children than among adults, and the managed 
Medicaid member base skews toward a younger demographic.2 
Second, asthma disproportionately affects those at the lower 
socioeconomic end of the spectrum, again representing the 
group frequently served by Medicaid programs.3

From a payer perspective, hospitalizations are the most 
important component of healthcare utilization in asthma, fol-
lowed by emergency department (ED) visits.3 Hospitalizations 
and ED visits tend to occur more frequently in patients with 
uncontrolled severe disease who experience frequent exacerba-
tions. Furthermore, these patients are frequently nonadherent 
to their prescribed chronic therapy. 

In asthma, pharmacy management focuses on the appropri-
ate use of controller medications to help limit acute exacerba-
tions (ie, asthma attacks), which can be dangerous and even life- 
threatening to the patient. These efforts are closely aligned 
with the national quality initiatives led by the National 
Committee for Quality Assurance (NCQA), the main accred-
iting body for managed care health plans. NCQA evaluates 
payer performance on 2 core asthma quality measures: (1) 
use of appropriate medication for individuals with asthma, 
and (2) medication management for individuals with asth-
ma.4 These measures provide specific criteria that allow 
payers to identify and to report appropriate medication use 
in patients diagnosed with persistent asthma. They also 
provide the tools needed to help payers proactively identify 
and intervene with members who have an elevated high 
risk of developing exacerbations as a result of the suboptimal 
use of asthma control medications. 

In addition to targeted pharmacy-based programs, payers 
play an important role in promoting patient self-management 
and medication adherence through condition-management 

initiatives. In asthma, these population-based programs are 
designed to educate members about their disease, promote 
awareness of exacerbation triggers, and encourage appropri-
ate use of medications.5

Asthma management has also been facilitated by the adop-
tion of ED observation units, which allow hospitals to monitor 
patients for up to 23 hours without inpatient admission. 
Typically, payers have been supportive of observation units for 
patients with acute asthma exacerbations under the assump-
tion that close monitoring in the outpatient setting will lead to 
improved quality of care, less hospitalizations, and perhaps 
fewer recurrences.6 There is evidence to suggest that ED obser-
vation units have resulted in improved patient satisfaction and 
cost-savings; one study found that the cost of monitoring a 
patient in an observation setting is approximately half of the 
cost of monitoring the same patient in an inpatient setting.7,8 

Overall, advances in asthma management have been positive 
for payers as well as for patients. The appropriate prescribing of 
controller medications have led to substantially improved dis-
ease control and reduced daily burden for patients. Furthermore, 
improved adherence to asthma control medications has been 
shown to reduce healthcare-related utilization and costs.7

Despite improvements in asthma care, however, a number 
of key unmet needs remain. First, in the clinical practice 
guidelines promulgated by the National Heart, Lung, and 
Blood Institute, which have not been revised since 2007 but 
are due to be updated in 2015, treatment recommendations 
are based on symptomatology rather than on diagnostic cri-
teria.9 This is important because differential diagnoses of 
respiratory conditions continue to pose a challenge for clini-
cians, especially when trying to differentiate between asthma, 
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“chronic bronchitis,” and chronic obstructive pulmonary dis-
ease in adults. 

In addition, a substantial number of patients are nonadher-
ent to their controller medications—as prescribed or at all.7 
This is surprising given the minimal financial barriers to drugs 
in the category because of generic availability; some payers that 
have implemented value-based insurance designs charge min-
imal or zero copays for generic asthma control medications. 

Ultimately, however, asthma management is predominant-
ly driven by the patient–provider relationship. Nevertheless, 
health plans seek to identify high-risk patients who take mul-
tiple rescue medications without a controller medication, 
often referring these patients to outreach programs by case 
management professionals. In addition, payers also engage in 
population health efforts, which may include the develop-
ment and dissemination of asthma self-management tools for 
their members with asthma. They may also work with their 
network providers to raise awareness about validated patient 
assessment tools. 

Similar to other chronic conditions, the future of asthma 
care will likely bring new opportunities to personalize patient 
care as more gene-based targeted therapies are developed and 
commercialized. More efficient, simpler drug delivery systems 
may also facilitate improved compliance to asthma medica-
tions and minimize the burden for patients and their families. 
To demonstrate value, these technologic and therapeutic 
enhancements will need to contribute to better cost-effective 
asthma management and improved patient outcomes. n 
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