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ABSTRACT

Asthma is associated with significant morbidity and mortality in the geriatric population. Despite the rising incidence of
asthma in people �65 years of age, the diagnosis is frequently missed in this population. Factors that contribute to this include
respiratory changes caused by aging, immunosenescence, lack of symptoms, polypharmacy, clinician unawareness, and lack of
evidence-based guidelines for diagnosis and management that target this population. This literature review addresses the
current state of research in this area. Age-related changes influence the pathophysiology and role of allergy in elderly asthmatic
patients. Specific obstacles encountered in caring for these patients are discussed. Asthma in the elderly and younger population
are compared. We conclude with a broad set of goals to guide future management driven by a multidiscipline approach.

(Allergy Asthma Proc 34:427–433, 2013; doi: 10.2500/aap.2013.34.3687)

The fastest growing segment of the population con-
sists of people �65 years of age.1 The presence of

multiple comorbidities and age-related physiological
changes influence the clinical presentation, diagnosis,
and management of many diseases. The estimated
prevalence of asthma in adults �65 years old is
4–13%.2 With the current rise in the elderly population,
there is a disproportional increase of asthma in this
population.3 Hospitalizations and mortality rates re-
lated to asthma are highest in this age group.4 Clini-
cians generally do not consider asthma as a primary
diagnosis in this population. Elderly patients tend to
have more than one pulmonary disease, which further
complicates the diagnosis and management.5

Asthma is a treatable disease with significant mor-
bidity; thus, clinician awareness is paramount. Acute
respiratory symptoms are one of the most common
reasons for elderly people to seek medical attention.
Several problems, unique to the elderly asthmatic pa-
tients, are particularly challenging. These include de-
layed appearance of symptoms, the presence of multi-
ple comorbidities, polypharmacy, lack of treatment
response, and physiological changes in the respiratory
and immune systems. Table 1 compares asthma in the
younger and older populations. A multidiscipline ap-
proach is required for better management. There is a
current movement into translational research. Because
of these challenges, the National Institute on Aging
sponsored a “Workshop on Asthma in the Elderly” in
Herndon, VA, on September 8–9, 2008.2

PROCESS OF AGING
Aging is a natural process associated with cellular

changes causing increased vulnerability to stressors
and disease. This process is independent of the multi-
ple comorbidities frequently observed. Many gaps ex-
ist between the process and the observed phenotype. It
appears that the total number of replications is a most
important factor contributing to cellular senescence. At
the phenotypic level, aging is associated with the con-
cept of frailty. Frailty is a state of decreased physiolog-
ical reserves with increased risk of morbidity and mor-
tality. A model of frailty has been developed by Fried
et al.6 This frailty index has been validated by observa-
tional studies.7 Frailty was considered present with
three or more of the following criteria: unintentional
weight loss of 10 lb in a year, self-reported exhaustion,
weak grip strength, slow walking speed, and low phys-
ical activity. The phenotypic manifestations include
sarcopenia, osteopenia, anemia, and cognitive decline.
Consequences include increased hospitalizations, falls,
dementia, and mortality. Frailty has been associated
with a decreased cellular immune response and ele-
vated inflammatory markers.8 Markers of inflamma-
tion and oxidative stress are currently being investi-
gated for their diagnostic and prognostic value.9

Current gaps in our knowledge include how these
molecular level changes are related to the frailty phe-
notype. This knowledge can aid in the treatment of
disease.

AGING AND THE IMMUNE SYSTEM
Aging is associated with a progressive complex re-

modeling of the immune system known as immunose-
nescence. Although much of the evidence on the mech-
anisms of immunosenescence comes from mouse
models, it is well established that age is associated with
impaired adaptive immunity in humans. This contrib-
utes to age-related risks for autoimmune reactions,
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malignancy, poor wound healing, and an impaired
response to infection. The most dramatic changes are
observed with cellular immunity. There is a general
shift from a stimulatory to a suppressive cytokine mi-
croenvironment.10 T cells are less responsive to anti-
gens and mitogens.11 This leads to T-cell anergy.12

There are decreased naïve cells, increased memory T
cells, increased regulatory T-cells cells, and lower IL-2
receptiveness.13 Similar changes take place for B cells.14

Th17 cells are a group of effector T cells that secrete
proinflammatory cytokines under the influence of IL-6,
which is known to increase with aging.11 Mouse mod-
els have suggested that these cells are important in
airway inflammation during asthma exacerbations.15

For the innate immune system, there is evidence that
age-related changes to dendritic cells leads to an in-
creased risk of T-cell–mediated autoimmunity.16

Phagocytic cells use Toll-like receptor–mediated sig-
naling pathways to recognize and process pathogens.
In vitro studies have shown that these receptors are
down-regulated in aged cells.17,18 Monocytes and mac-
rophages are decreased in the bronchoalveolar lavage
fluid of elderly asthmatic patients and have dimin-
ished cytotoxicity. There is also decreased ability to
down-regulate inflammation. This promotes chronic,
nonspecific inflammation.19 Biomarkers remain a
promising tool to predict the level of immune compe-
tence and mortality risk in the elderly population.12

AGING AND THE RESPIRATORY SYSTEM
Age-related changes in respiratory physiology in-

clude reductions in functional residual capacity, expi-
ratory flow rate, diffusion capacity, and a slight decline
in arterial Po2.20 Mild hypoxia is common whereas
hypercapnia is not observed. The spirometry deter-
mined forced expiratory volume at 1 second (FEV1)
declines continuously with age. Diminished elastic re-
coil may contribute to this.21 A significant reduction in
FEV1 predicts increased mortality.22 Alveolar dead
space increases and leads to higher residual volume.
There is reduction in the alveolar surface area causing
hyperinflation without alveolar destruction or changes
in total lung capacity. Age-associated musculoskeletal
changes can result in chest wall and thoracic spine
deformities. The net effect of changes is an overall
decreased compliance and increased work of breath-
ing.23 The rate of decline is variable.24 Despite these
ventilation–perfusion mismatches adequate gas ex-
change is normally observed throughout life.

There is an age-related decrease in the ventilation
response to both hypoxia and hypercapnia. The mech-
anism likely involves changes in the nervous system.25

The clinical significance is a lack of dyspnea despite
significant changes in blood gases.26 This leads to re-
duced awareness of worsening airflow obstruction. A
reduction in the usual activity may be an early warning

Table 1 Comparison of asthma in younger and older populations

Factor Younger Older Reference

Hospitalization Less frequent More frequent 4
Inflammatory cells Eosinophils Neutrophils 10
Immune system Adaptive Innate 19 and 36
Role of atopy Common Uncommon 32 and 85
Role of vitamin D Stronger evidence Less evidence 94 and 95
Exacerbation triggers Respiratory infection

and allergens
Respiratory infection, allergens, GERD,

congestive heart, failure, and
medication

2

Reporting of symptoms More likely Less likely 3
Disease course Detected at earlier stages

and followed by
higher remissions

Detected at later stages, more
progressive, and less remissions

79 and 80

Disease control As-need inhaled
bronchodilator more
likely to be adequate

Continuous treatment more likely
needed

79

Differential diagnosis Smaller Larger 65, 74, 96,
and 97

Response to �-agonist Higher Lower 56
Obstruction reversibility More complete Less complete 11
Treatment compliance More likely Less likely 77
Mortality rate Lower Higher 4 and 59

GERD � gastroesophageal reflux disease.
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sign that deserves further evaluation before the subjec-
tive sensation of dyspnea occurs.27 The use of the
6-minute walk test has shown to be helpful.28

ASTHMA AND THE ELDERLY

Pathophysiology
The clinical manifestations of asthma include epi-

sodic wheezing, cough, and dyspnea. The underlying
pathophysiology involves airway obstruction due to a
hyperactive inflammatory response.29 Inflammatory
mediators trigger bronchospasm, airway edema,
smooth muscle hyperplasia, and mucus secretion. Ex-
halation is limited, resulting in air trapping and lung
hyperinflation. Breathing at high lung volumes is an
important cause of dyspnea. Over time, chronic inflam-
mation leads to airway remodeling, resulting in per-
manent basement membrane thickening, fibrosis, and
increased number of mucus-secreting cells.30 Long-
standing asthma increases the risk for fixed obstruc-
tion.31 This underscores the importance of good control
early in the disease course with a goal of reducing the
number of exacerbations.

Asthma in adults can be categorized based on neu-
trophilia, eosinophilia, IgE levels, associated atopy, age
of onset, and symptom severity.32 These phenotypes
are important for predicting prognosis and to develop
targeted therapies.33 Late-onset asthma, where symp-
toms began after the age of 40 years, is associated with
lack of atopy, lack of familial clustering, and neutro-
philic inflammation. On the other hand, early onset
asthma that extends into adulthood is associated with
atopy. A higher neutrophilic response was observed in
the bronchoalveolar lavage fluid in elderly asthmatic
patients.10 Although the role that neutrophil predom-
inance plays in disease severity is not well understood,
this phenotype is less reversible.34 Long-standing
asthma may lead to chronic persistent airflow obstruc-
tion mimicking chronic obstructive pulmonary disease
(COPD), complicating the diagnosis in the elderly pop-
ulation.35

Immunosenescence likely alters the pathogenesis of
asthma. Long-standing asthma is associated with acti-
vation of the innate immune system.36 One study, us-
ing mouse models, showed that chronic inflammation
of the lungs is driven by natural killer cells and mac-
rophages, suggesting the importance of the innate im-
mune system.37 Neutrophil-predominant inflamma-
tion increases with age and is generally more severe
and difficult to control.38 Chronic exposure to environ-
mental pollution and cigarette smoke also plays a role.3

The effect of T-cell immunosenescence on the patho-
physiology of asthma was investigated using T cells
from healthy elderly and asthmatic patients.39 The pat-
tern of decreased T-regulatory cells associated with
asthma was similar to that found in the younger pop-

ulation but the magnitude of this difference is lower in
the elderly population.39 This study showed that de-
spite the known decline in lymphocyte function with
aging, the healthy elderly group responded in the same
way as in younger population. Phenotypical and
pathophysiological differences between younger and
older populations with asthma will likely play a larger
role in managing these patients in the future.40,41 Table
1 is a general comparison of asthma in the elderly to
younger population.

Role of Allergy
Early onset asthma is defined as asthma from child-

hood that persists into adulthood. These patients have
a greater likelihood of previous allergic disease and
genetic predisposition.2,42 Allergen-triggered asthma
symptoms tend to diminish with aging as is shown by
the decreased reaction to skin testing. Total IgE is also
decreased. One observation study showed that a qual-
itative serologic assay is a valuable tool for the diag-
nosis of allergic sensitization.43,44 Despite the decline in
allergic reactions of the elderly population, allergy
should be considered particularly in those with rhini-
tis.45 It appears that a history of allergic asthma reac-
tions may trigger changes in lung physiology that
progress to adulthood despite the lack of allergic re-
sponse. One cross-sectional study showed that a his-
tory of atopy was the strongest predictor of asthma.46

Age-related changes such as atrophy of connective tis-
sue can lead to weakening of septal cartilage and a
reduced blood flow to nasal tissues.47 These changes
can cause increased nasal congestion predisposing the
patient to rhinitis or complications of existing aller-
gies.48–50 Chronic rhinosinusitis is an independent risk
factor for more severe asthma. It can trigger biofilm
formation, which supports a chronic inflammatory
state and heightened asthmatic response.51 One cross-
sectional study observed that elderly asthmatic pa-
tients were more likely to have childhood respiratory
problems, hay fever, chronic bronchitis, and daytime
sleepiness.5 Another retrospective observational study
showed that elderly patients with severe atopic asthma
can have a significant positive response to omali-
zumab.52

Clinical Diagnosis
Symptoms have been shown to underestimate the

severity of asthma in the elderly population.53 Current
guidelines need to be adjusted to account for aging.
Spirometry is less reliable in elderly patients because it
is usually extrapolated from younger cohorts. The tra-
ditional threshold of FEV1/forced vital capacity of
�70% used in a younger population may be a normal
finding in the elderly population.54 For this reason,
recent studies have suggested that the use of a Z score
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may be more accurate.55 Furthermore, reversible ob-
struction may be more difficult to establish in elderly
people because these patients have an impaired re-
sponse to �-agonists.56 As with the younger popula-
tion, a negative methacholine challenge can rule out
asthma. On the other hand, a positive test is less useful
because aging is associated with increased airway re-
sponsiveness.57

Asthma is more commonly associated with dyspnea
at rest but elderly patients have less perception of
bronchospasm. This complicates the diagnosis and
places them at higher risk for more severe disease.25

One observation study comparing difficult-to-control
asthma in adults and young cohorts showed that el-
derly people reported fewer symptoms and less use of
medications despite worse lung function.58 Thus, per-
forming lung function tests in elderly patients could
play a more critical role compared with the younger
population. Because the cardiovascular responses to
hypoxia and bronchoconstriction tend to diminish with
increasing age, objective measures of asthma severity
(peak flow monitoring and blood gas estimation) are
essential in this age group.59

The most common symptoms for asthma in the el-
derly population are the same as the younger popula-
tion, viz., wheezing, cough, and dyspnea. Nocturnal
symptoms are associated with a mortality risk in one
cohort study.60 Exacerbations are most commonly trig-
gered by a viral upper respiratory tract infection.2,61

This is particularly important given that age-related
changes to the lungs and immune system increase the
risk for lung infections and blunt the response to vac-
cinations such as influenza.14 Pneumonia and influ-
enza are leading causes of death in the elderly popu-
lation.20 The lack of sensitive diagnostic tests and the
prevalence of asymptomatic viral infections have made
it difficult to establish causation. Other risk factors
include obesity, tobacco use, allergen exposure, and
genetic susceptibility.62 A meta-analysis showed both
the incidence and the severity of asthma increases in
obese patients.63

Differential Diagnosis
A major reason for the misdiagnosis of asthma in

elderly patients is caused by the broader differential
diagnosis. It is estimated that �50% of patients who are
�65 years old have at least three comorbidities.64

Wheezing in elderly people can signal the exacerbation
of other chronic diseases such as COPD, congestive
heart failure, gastroesophageal reflux disease GERD,
chronic aspiration, and malignancy.65 Bronchial carci-
noma and bronchiectasis can present with wheezing
and cough.66 It can be nearly impossible to distinguish
asthma from COPD.67,68 Furthermore, a long history of
asthma is an independent risk factor for COPD.69

Methacholine airway reactivity and partial bronchodi-
lator reversibility are common in COPD.2 Age-related
changes, such as neutrophilic inflammation, respira-
tory tract remodeling, and blunted response to bron-
chodilators further obscures the boundaries between
these diseases. The clinical relevance of distinguishing
between these diseases is important because medica-
tions such as leukotriene antagonists and omalizumab
can be helpful for asthma but not COPD. A reduced
FEV1, regardless of the underlying cause, is a most
important prognostic marker.70

GERD commonly presents more like asthma in the
elderly people.71 Furthermore, GERD, which com-
monly coexists with asthma, can exacerbate symptoms;
thus, it should be well controlled.72 Congestive heart
failure can present with wheezing and cough com-
monly in the morning.73,74 For congestive heart failure,
the physical exam and chest x ray will likely show fluid
overload. B-type natriuretic peptide levels and echocar-
diogram are also helpful. Bronchopulmonary carcinoma
can cause lower airway obstruction and head and neck
malignancies can cause upper airway obstruction. Med-
ications such as aspirin, �-blockers, angiotensin-convert-
ing enzyme inhibitors, and nonsteroidal anti-inflamma-
tory drugs increase the risk of adult-onset asthma.
Smoking-related lung diseases can increase the se-
verity of asthma in adults.41

Management
The basic principles for managing asthma in the

elderly population are the same as the younger popu-
lation. The step-care pharmacologic protocol based on
symptom severity and treatment response is the cur-
rent standard.75 Treatment guidelines may need to be
adapted when applied to elderly patients. Problems
more commonly encountered in managing asthma in
the geriatric population include inability to distinguish
asthma from other medical conditions, later presenta-
tion of disease, difficulties with inhaler technique, and
poorer response to �-agonists.76,77 Underestimation of
the severity of an acute exacerbation of asthma has
been suggested as a contributory factor to poor out-
come.59 Older patients experience higher exacerbation
frequency and required more hospitalizations and
higher doses of steroids to get symptom control.78 Re-
mission rates are higher in younger patients.79,80

�-Blockers are commonly used in this population.
These drugs can trigger bronchoconstriction. Although
the bronchodilator response to inhaled �-agonists de-
clines with age, this is not the case for inhaled anticho-
linergics.81,82 Furthermore, an observational study that
compared the response of elderly asthmatic patients to
ipratropium and salbutamol showed a better response
with ipratropium.82 Generally, inhaled anticholinergics
have a good safety profile in elderly patients.83,84
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Corticosteroids reduce airway inflammation and en-
hance the action of �-agonists.85 Elderly people are
more sensitive to the side effects of systemic steroids
such as osteoporosis and cataracts. Many patients al-
ready have underlying osteoporosis. The risk for bone
fracture with the use oral corticosteroids should be
considered.86 Although high-dose inhaled steroids are
associated with decreased bone density, the evidence
for fracture risk is conflicting. Recent meta-analysis
found no association between the use of inhaled corti-
costeroids and fractures at low-to-medium doses. A
slight increase in risk was seen in those using high
doses.87 Another recent meta-analysis looked at the
long-term use of inhaled steroids in COPD patients
and found a modest increased risk.88 A dose-depen-
dent risk was observed in a prospective cohort study.89

Age-related changes in pulmonary function, immu-
nity, and perception of symptoms has rendered the
management of asthma in this population particularly
challenging. Managing these patients is further com-
plicated by the unique issues of this population, which
include multiple comorbidities; declining functional
status; and social issues such as housing, health insur-
ance, and access to health care. These issues affect the
ability for self-management and compliance. A multi-
disciplinary approach is needed. In addition to clinical
assessments, which address issues such as multiple
comorbidities and polypharmacy, this approach would
include housing issues, functional status, nutrition,
and cognitive and behavioral aspects. One cross-sec-
tional study indicated that activity limitation, im-
proper inhaler device usage, systemic inflammation,
and noncompliance with a written action plan were
among the most prevalent issues complicating the
management of these patients.90

The number of clinical management issues directly
correlates with quality of life. The more complicated
the management plan, the higher the risk of noncom-
pliance. A team approach is important and should
include primary care physicians, geriatric consultation
where available, dieticians, physical therapy, social
workers, and case managers. Pulmonary rehabilitation
and nutrition are important aspects of geriatric care
that are frequently overlooked. Management plans
would include regular office visits, addressing health
insurance, housing and financial issues, consideration
for home health care, rehabilitation to improve ambu-
lation, optimizing nutritional status, and more liberal
use of nebulizers. Clinicians need to be educated about
the risk and benefits of treating this population. In
contrast to the younger population, goals of care cen-
tered on improved quality of life, rather than long-term
outcome, may be more appropriate.

Psychological consultation may be considered to ad-
dress depression and dementia, which are both highly
prevalent in the geriatric population. These diseases

are known to affect medical compliance and quality of
life.91 Depression can influence a patients’ perception
of their health and severity of their symptoms. Depres-
sion has a negative impact on chronic illnesses such as
dementia, heart disease, and diabetes.92,93 Screening
for depression and cognitive decline is particularly
important in the geriatric population because early
intervention can significantly improve outcome. En-
couraging patients to participate in their own health
care is an important goal. These interventions can im-
pact quality of life and lead to more effective manage-
ment. Figure 1 summarizes the approach to asthma in
the elderly population.

SUMMARY
Asthma is a highly prevalent disease in the geriatric

population. It is a diagnosis that is frequently missed
and associated with significant morbidity. Asthma
contributes to poor general health status, depression,
and limitation of activities of daily living.5 Compared
with the younger population, asthma in the elderly
population is associated with more frequent hospital-
izations, more exacerbating triggers, a lack of symp-
toms despite severe disease, and a more progressive
disease course that usually requires continuous treat-
ment. Many issues unique to the geriatric population
must be considered as well. Despite this, there is a lack
of evidence-based guidelines in the elderly population.
More effective management requires a multidimen-
sional team approach with patient-centered goals of
care. Specific management issues will likely be more
easily identified and treated with this approach.

REFERENCES
1. Busse PJ. Allergic respiratory disease in the elderly. Am J Med

120:498–502, 2007.

Figure 1. General algorithm summarizing the multiple issues
leading to poorly managed asthma in the geriatric population. The
goals of a multi-disciplinary approach are stated to help guide
treatment.

Allergy and Asthma Proceedings 431

DO N
OT C

OPY



2. Hanania NA, King MJ, Braman SS, et al. Asthma in the elderly:
Current understanding and future research needs—A report of
a National Institute on Aging (NIA) workshop. J Allergy Clin
Immunol 128:S4–S24, 2011.

3. Gibson PG, McDonald VM, and Marks GB. Asthma in older
adults. Lancet 376:803–813, 2010.

4. Moorman JE, and Mannino DM. Increasing U.S. asthma mor-
tality rates: Who is really dying? J Asthma 38:65–71, 2001.

5. Enright PL, McClelland RL, Newman AB, et al. Underdiagnosis
and undertreatment of asthma in the elderly. Cardiovascular
Health Study Research Group. Chest 116:603–613, 1999.

6. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
Evidence for a phenotype. J Gerontol A Biol Sci Med Sci 56:
M146–M156, 2001.

7. Macklai NS, Spagnoli J, Junod J, et al. Prospective association of
the SHARE-operationalized frailty phenotype with adverse
health outcomes: Evidence from 60� community-dwelling Eu-
ropeans living in 11 countries. BMC Geriatr 13:3, 2013.

8. Leng SX, Yang H, and Walston JD. Decreased cell proliferation
and altered cytokine production in frail older adults. Aging Clin
Exp Res 16:249–252, 2004.

9. Jacob KD, Hooten NN, Trzeciak AR, et al. Markers of oxidant
stress that are clinically relevant in aging and age-related dis-
ease. Mech Ageing Dev 134:139–157, 2013.

10. Gruver AL, Hudson LL, and Sempowski GD. Immunosenes-
cence of ageing. J Pathol 211:144–156, 2007.

11. Busse PJ, and Mathur SK. Age-related changes in immune
function: Effect on airway inflammation. J Allergy Clin Immu-
nol 126:690–699, 2010.

12. Dewan SK, Zheng SB, Xia SJ, et al. Senescent remodeling of the
immune system and its contribution to the predisposition of the
elderly to infections. Chin Med J (Engl) 125:3325–3331, 2012.

13. Lee N, Shin MS, and Kang I. T-cell biology in aging, with a focus
on lung disease. J Gerontol A Biol Sci Med Sci 67:254–263, 2012.

14. Reber AJ, Chirkova T, Kim JH, et al. Immunosenescence and
challenges of vaccination against influenza in the aging popu-
lation. Aging Dis 3:68–90, 2012.

15. Wakashin H, Hirose K, Maezawa Y, et al. IL-23 and Th17 cells
enhance Th2-cell-mediated eosinophilic airway inflammation in
mice. Am J Respir Crit Care Med 178:1023–1032, 2008.

16. Agrawal A, Tay J, Ton S, et al. Increased reactivity of dendritic
cells from aged subjects to self-antigen, the human DNA. J Im-
munol 182:1138–1145, 2009.

17. Kong KF, Delroux K, Wang X, et al. Dysregulation of TLR3
impairs the innate immune response to West Nile virus in the
elderly. J Virol 82:7613–7623, 2008.

18. van Duin D, Mohanty S, Thomas V, et al. Age-associated defect
in human TLR-1/2 function. J Immunol 178:970–975, 2007.

19. Katial R, and Zheng W. Allergy and immunology of the aging
lung. Clin Chest Med 28:663–672, 2007.

20. William J, and Hall BA. Pulmonary disorders. In Duthie: Prac-
tice of Geriatrics, 4th ed. Duthie EH, Katz PR, Malone ML (Ed).
Philadelphia, PA: Saunders, An Imprint of Elsevier, 563–576,
2007.

21. Berend N. Normal ageing of the lung: Implications for diagno-
sis and monitoring of asthma in older people. Med J Aust
183:S28–S29, 2005.

22. Sorlie PD, Kannel WB, and O’Connor G. Mortality associated
with respiratory function and symptoms in advanced age. The
Framingham Study. Am Rev Respir Dis 140:379–384, 1989.

23. Sharma G, and Goodwin J. Effect of aging on respiratory system
physiology and immunology. Clin Interv Aging 1:253–260, 2006.

24. McClearn GE, Svartengren M, Pedersen NL, et al. Genetic and
environmental influences on pulmonary function in aging
Swedish twins. J Gerontol 49:264–268, 1994.

25. McConnell AK, and Davies CT. A comparison of the ventilatory
responses to exercise of elderly and younger humans. J Geron-
tol 47:B137–B141, 1992.

26. Allen SC, and Khattab A. The airflow resistance sensing thresh-
old during tidal breathing rises in old age in patients with
asthma. Age Ageing 41:557–560, 2012.

27. Mahler DA, Fierro-Carrion G, and Baird JC. Evaluation of dys-
pnea in the elderly. Clin Geriatr Med 19:19–33, 2003.

28. Chandra D, Wise RA, Kulkarni HS, et al. Optimizing the six
minute walk test as a measure of exercise capacity in COPD.
Chest 142:1545–1552, 2012.

29. Frieri M. Advances in the understanding of allergic asthma.
Allergy Asthma Proc 28:614–619, 2007.

30. Bousquet J, Jeffery PK, Busse WW, et al. Asthma. From bron-
choconstriction to airways inflammation and remodeling. Am J
Respir Crit Care Med 161:1720–1745, 2000.

31. Bai TR, Cooper J, Koelmeyer T, et al. The effect of age and
duration of disease on airway structure in fatal asthma. Am J
Respir Crit Care Med 162:663–669, 2000.

32. Siroux V, BasagañaX, Boudier A, et al. Identifying adult asthma
phenotypes using a clustering approach. Eur Respir J 38:310–
317, 2011.

33. Gibson PG. Inflammatory phenotypes in adult asthma: Clinical
applications. Clin Respir J 3:198–206, 2009.

34. Reed CE. The natural history of asthma in adults: the problem
of irreversibility. J Allergy Clin Immunol 103:539–547, 1999.

35. Braman SS, Kaemmerlen JT, and Davis SM. Asthma in the elderly. A
comparison between patients with recently acquired and long-stand-
ing disease. Am Rev Respir Dis 143:336–340, 1991.

36. Walters EH, Wood-Baker R, Reid DE, and Ward C. Innate immune
activation in neutrophilic asthma. Thorax 63:88–89, 2008.

37. Kim EY, Battaile JT, Patel AC, et al. Persistent activation of an
innate immune response translates respiratory viral infection
into chronic lung disease. Nat Med 14:633–640, 2008.

38. Gillman A, and Douglass JA. Asthma in the elderly. Asia Pac
Allergy 2:101–108, 2012.

39. Vale-Pereira S, Todo-Bom A, Geraldes L, et al. FoxP3, GATA-3
and T-bet expression in elderly asthma. Clin Exp Allergy 41:
490–496, 2011.
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