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Bronchial asthma is one of the most common chronic diseases worldwide, and by definition not expected to
recover with aging. However, the concept that asthma can affect older individuals has been largely denied in
the past. In clinical practice, asthma that occurs in the most advanced ages is often diagnosed as COPD, thus
leading to undertreatment or improper treatment. The heterogeneity of clinical and functional presentation of

geriatric asthma, including the partial loss of reversibility and of the allergic component, contributes to this
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misconception. A large body of evidence has accumulated demonstrating that the prevalence of asthma in the

Aging most advanced ages is similar to that in younger ages. The frequent coexistence of comorbid conditions in
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older patients compared to younger asthmatics, together with age-associated changes of the human lung, may
render the management of asthma a complicated task. The article addresses the main issues related to the
diagnosis and treatment of asthma in the geriatric age.

© 2014 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

A 78-year-old, never smoker female went to the emergency room
for worsening dyspnea that had been preceded by fever with body
temperature up to 38 °C. Chest physical examination revealed diffuse
wheezing, rhythmic tachycardic heart sounds, and no peripheral
edema. The chest X-ray was negative for parenchymal or pleural
lesions; the arterial blood gas analysis showed partial respiratory failure
with pH 7.41, PaO, 54 mm Hg, and PaCO, 39 mm Hg, on room air.
Blood tests showed high levels of inflammatory markers and mild leu-
kocytosis with a predominance of neutrophils. Among the anamnestic
data, the patient reported several episodes of bronchitis and allergic
reactions to some unspecified drugs. The son of the patient reported
multiple sensitizations to aeroallergens. Of note, she suffered from
depression and arterial hypertension, for which she was not assuming
any treatment, and diffuse arthritis of the hands. The patient was
admitted in the Department of Pulmonology with a diagnosis of acute
exacerbation of chronic obstructive pulmonary disease (COPD).

She was treated with broad-spectrum antibiotics, systemic cortico-
steroids and inhaled bronchodilators with rapid resolution of respirato-
ry failure and bronchospasm. However, the clinical course of the first
days of hospitalization was characterized by several episodes of acute
dyspnea associated with bronchoconstriction, which however were
not properly described, thus postponing the extemporaneous therapy
with bronchodilators and intravenous corticosteroids. In the following
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days, she developed hyperglycemia, and had to be treated with subcuta-
neous insulin.

The clinical course improved after 10 days. Pulmonary function tests
performed just before discharge (during bronchodilator therapy)
showed moderate obstructive ventilatory defect. The patient was
discharged with inhaled therapy including inhaled corticosteroids
(CSI), long acting beta-2 adrenergics (LABA) and long acting muscarinic
antagonists (LAMA). On subsequent outpatient visits, pulmonary
function tests were repeated and showed improvement with mild
obstructive defect after one month, forced expiratory volume in 1 s
(FEV:) % predicted was within normal limits after three months.

The case presented describes a typical presentation of bronchial
asthma in later life. It is worth noticing that the respiratory symptoms
in the elderly often lead to an erroneous diagnosis of COPD and manage-
ment if usually complicated by the occurrence of comorbid conditions.
Some information from the medical history (including allergic diathesis
and the absence of cigarette smoking exposure), together with the re-
versibility of bronchial obstruction, allowed abandoning the hypothesis
of COPD in favor of bronchial asthma.

In this review we describe the cardinal features of asthma in the
elderly, and address the main aspects that should be taken into account
when approaching an elderly individual complaining of symptoms
suggestive of asthma.

1.1. Is asthma a rare disease in the elderly?

Our patient presented with symptoms that were interpreted by the
physicians as clinical manifestations of COPD, although she had never
smoked and had not referred a previous diagnosis of chronic bronchitis.
This is because a common belief attributes to asthma the definition of
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“rare” disease when occurring in the geriatric age. One of the issues is
related to the definition of “elderly”: the majority of the epidemiological
as well as clinical studies that are described in this review agree on the
cut-off value of 65 years of age. Indeed, this age group is the fastest
growing proportion of the first world population, expecting to represent
up to 17% of the total world population in 2050 [1]. The precise preva-
lence of asthma in the elderly is difficult to ascertain. This is due to the
current absence of universal criteria for the diagnosis in this age
group, which are mainly related to the heterogeneity of the clinical
and functional presentations of the disease in this population, including
the partial loss of reversibility, and the poor perception of symptoms by
the patients [2]. A large body of evidence has accumulated in recent
years confirming that the prevalence of asthma in the most advanced
ages is similar to that in younger ages. Several studies in the European
and U.S. populations showed that asthma is common among the elder-
ly: its prevalence among people aged over 65 years ranges from 1.8% to
10.9%, with the highest rates in males and with a slight increase over
time [3-14]. The estimated incidence of asthma in the elderly is about
95 per 100,000 subjects, with a reduction from 103 per 100,000 in
subjects aged 65-74 years to 58 per 100,000 in those aged >85 years
[15]. Older asthmatics have the highest mortality rate (51.3 per million
people) of any other age group [16]. Bellia et al. [17] demonstrated
that asthma in the elderly was associated with a higher mortality rate
compared to that in control subjects (24.3% vs. 16.3%, respectively).

1.2. What are the features of elderly asthmatic patients?

Our patient presented with acute dyspnea, which is a common de-
nominator of several respiratory diseases. Indeed, asthma in the elderly
often overlaps with a variety of structural and functional changes asso-
ciated with the physiological aging of the respiratory system, as well as
with many diseases that are common in advanced age. Elderly subjects
suffering from asthma can be divided at least into two groups (Table 1):
patients with a longstanding asthma, and those in whom the symptoms
occur later in life (after the age of 65 years) [18]. Studies have demon-
strated that patients with a longstanding disease, contrary to those
with late-onset asthma, have worse and more frequent respiratory
symptoms, increased number of hospitalizations and emergency medi-
cal interventions, and lower values of spirometric parameters [19,20].
Indeed, patients with long-standing asthma tend to have more severe
and irreversible, or partially reversible, airway obstruction than those
with late onset asthma [21,22]. Asthmatic subjects were demonstrated
to be differently affected by obesity based on whether their asthma
occurred early (<12 years of age) or later in life [23], a significant asso-
ciation between increasing BMI and duration of asthma only occurring
in early-onset asthma, potentially affecting the response to treatment.

On the other hand, a higher annual decrease in FEV; is observed in
patients with newly diagnosed disease [24], and in patients with
early-onset non-atopic asthma, which represents the main phenotype
in elderly subjects [25]. Atopy seems more frequent in patients with
early-onset asthma than in those with late-onset disease. The question
is whether atopy per se affects the asthmatic phenotype in this popula-
tion. In the Normative Aging Study [26], the role of the allergic response
to environmental aeroallergens in the development of asthma in older
men was assessed. Subjects in whom airway hyperresponsiveness on

Table 1
Main clinical and functional differences between early and late onset asthma.

Early-onset asthma Late-onset asthma

Atopy +++ +
Symptoms +++ +
Pulmonary function impairment +++ +
Annual decline in FEV, + 4+
Obstruction reversibility ++ 4+
AHR ++ 4+

AHR: airway hyperresponsiveness; FEV;: forced expiratory volume in 1 s.

methacholine challenge occurred had a higher prevalence of serum
IgE reactivity to cat allergen and Dermatophagoides when compared to
normoreactive individuals. Older individuals spend more time in the
same indoor environment compared with younger adults, and it is
conceivable that the impact of environmental control, particularly for
indoor allergens (mites, molds, pets and cockroaches), will be higher
in this age group. Although available data seem to favor the decline of
allergen sensitization with age, the prevalence of allergic sensitizations
in the elderly population with respiratory symptoms is substantial
enough to warrant evaluation of the atopic condition [27]. The identifi-
cation of an allergic component of asthma in the elderly patient may
influence treatment. Indeed, the recognition of allergens as possibly
responsible for the respiratory condition allows preventive environ-
mental strategies to be applied, and allergen specific immunotherapy
with effective adjuvants to increase the immune response while reduc-
ing the risk of systemic reaction to be conducted.

Breathlessness is the most common presenting symptom; it has
been reported that 48% of asthmatics in older ages recall the onset of re-
spiratory symptoms before 40 years of age [28]. Nevertheless, symp-
toms are often not properly attributed to asthma for a period of time,
as in the case reported, in which the exacerbations of asthma were
interpreted as episodes of acute bronchitis. In the context of the
SAR.A. Study [29] only 50% of the elderly patients with carefully
ascertained asthma had received a correct diagnosis; conversely, 20%
of the study sample reported an erroneous diagnosis of COPD and/or
emphysema and, even more worrying, more than 27% of the asthmatics
had never received any diagnosis of respiratory diseases. In addition to
dyspnea, cough can represent a relevant symptom but rarely is the only
presenting one. Cough efficacy may be markedly reduced in the elderly
because of age-related or comorbidity-related impairment of both
motor and sensory components [30].

Accumulating evidence shows that in a not trivial proportion of
elderly subjects, a coexistence of asthma and chronic bronchitis
may occur [31], suggesting the occurrence of an overlap phenotype. In
addition, the concomitant occurrence of bronchiectasis is associated
with more severe asthma, more frequent hospitalizations due to asthma
exacerbation and more frequent occurrence of chronic respiratory
failure. Finally, air pollution has been shown to significantly correlate
with increased emergency room admissions for asthma in elderly
asthmatic patients, mostly in subjects aged more than 65 years, even
in warm seasons [32].

1.3. How to diagnose asthma in advanced ages

Our patient was erroneously diagnosed as affected by COPD.
This usually occurs because of a cultural bias that associates asthma
to childhood and adolescence. Asthma in the elderly is frequently
underdiagnosed and as a result, undertreated [29,33]. The main task in
establishing the diagnosis in advanced ages is to distinguish asthma
from COPD. Indeed, both diseases are characterized by chronic bronchi-
al inflammation and by an obstructive functional pattern [34]. Some of
the diagnostic mistakes are due to the erroneous concept that airway
obstruction in young ages invariably suggests the occurrence of asthma,
while the same spirometric findings in older adults are usually attribut-
ed to COPD, even in the presence of reversibility of the obstruction and
in subjects without smoke exposure [35]. Conversely, it has been
observed that patients over 64 years old, hospitalized with a diagnosis
of asthma, frequently received a diagnosis of COPD in the following
hospitalizations [36]. Age per se appears to be the main confounding
factor in the differential diagnosis between asthma and COPD; this is
further highlighted by the fact that elderly patients often do not
perceive (and properly describe) chest tightness associated with bron-
chospasm, as it occurred in our patient, and tend to adopt a sedentary
lifestyle that contributes to the subjective underestimation of respirato-
ry symptoms [29,33,36-38].
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Factors suggesting the diagnosis of asthma include onset in child-
hood, atopy, and nocturnal or morning respiratory symptoms. However,
none of them is sufficient to pose a definite diagnosis. Several studies
showed that the prevalence of allergen sensitizations decreases with
aging [39,40], as the result of age-related modifications of the immune
system, defined as immunosenescence. Furthermore, a reduced aware-
ness of the night-time bronchoconstriction has been described [41].

Pulmonary function tests with the measurement of lung volumes
and the evaluation of reversibility of bronchial obstruction remain the
hallmark for the diagnosis of asthma at all ages. Nonetheless, many
aspects of the interpretation of the findings (choice of suitable cut-off
diagnostic levels, appropriate reference values and sound criteria
for evaluation of reversibility) are still controversial [42]. Unlike what
is commonly believed, there is strong evidence that acceptable spirom-
etries and reversibility tests can be obtained in the majority of elderly
respiratory patients [43-45]. When spirometry shows bronchial
obstruction, it is mandatory to perform a bronchodilator reversibility
test. It should be taken into account that reversibility of airway obstruc-
tion in elderly asthmatics is often reduced because of irreversible
structural changes, due to remodeling of the airways [46]. On the
other hand, in COPD patients a significant response to bronchodilator
can be observed. In this regard, the achievement of normal lung function
and the assessment of bronchial reversibility at different time frames
are crucial. In addition, the degree of bronchial reversibility can be eval-
uated as a response to regular treatment over a period of time. In the
case reported the reversibility of airway obstruction was highlighted
only after several weeks of therapy and was large enough to bring the
FEV; within the normal range, thus excluding the diagnosis of COPD.
Finally, the measurement of the carbon monoxide diffusing capacity of
the lungs (DLCO) and of residual volume (RV) can help in the differen-
tial diagnosis. Indeed, COPD subjects with a comparable degree of bron-
chial obstruction than asthmatics have more frequently a reduction of
the former and an increase of the latter functional parameter [47].
These lung function tests should be implemented in clinical settings;
in the case described, the results of such tests, if performed, would
have facilitated the correct diagnosis.

Airway hyperresponsiveness (AHR) plays a crucial role in the path-
ogenesis of asthma at any age. Thus, tests aimed at the detection of
AHR may be useful for differential diagnosis of asthma in the elderly.
With this in mind, it should be considered that aging is associated
with structural and physiological modifications of the lung [48], which
influence the airway response to spasmogenic stimuli and, consequent-
ly, the characteristics of the asthmatic phenotype in this population. It is
yet to be demonstrated whether the slope of the dose-response curve
during the bronchoprovocation test, rather than the magnitude of bron-
chial responsiveness, can help in differentiating the airway response to
spasmogen between asthma and COPD in the elderly.

In addition to pulmonary function tests, the assessment of the
inflammatory markers by induced sputum and the degree of airway re-
modeling by imaging techniques might be useful to characterize pheno-
typically patients with coexisting asthma and COPD. With regard to the
smoking history, not surprisingly a high proportion of elderly asth-
matics have been smoking in spite of the disease. In a study conducted
on elderly asthmatics [15], the history of tobacco smoking occurred in
more than half of the study population. Thus, the current or former ex-
posure to smoke is not a discriminating factor when diagnosing asthma
in the older ages. On the other hand, given that cigarette smoke remains
the main risk factor for the development of COPD, the lack of tobacco
exposure in individuals with chronic obstructive symptoms favors the
diagnosis of asthma. The diagnostic process in our patient would have
certainly benefited from the reported absence of smoke exposure in
her life.

In conclusion, the distinction between asthma and COPD in an
older individual can be confounded by the progression of common
pathogenetic mechanisms induced by different environmental agents,
or different disease mechanisms leading to an overlapping clinical

syndrome. The overlap syndrome has significant impact on health
resources in that such patients are affected by worse control of their
symptoms and more frequent comorbid conditions. In addition, little
is known on how best to treat those subjects since they are systemati-
cally excluded from clinical trials and are not covered by treatment
guidelines.

1.4. What is the role of comorbidity?

Our patient reported the coexistence of at least three comorbidities:
depression, arterial hypertension, and arthritis. In addition, hyperglyce-
mia developed during her admission at the hospital. The presence of
multiple illnesses is the norm in the elderly patient as a result of two
processes: the association between age and incidence of degenerative
diseases, and the development over time of complications of the
existing diseases. Indeed, comorbidity is considered one of the hall-
marks of the geriatric patient, and a fundamental component of their
complexity.

Asthma per se is associated with an increased risk of comorbidity
regardless of age. An analysis of administrative data on health care
expenditures showed that adults with asthma have on average 3.1
chronic comorbidities compared to 1.9 in people without asthma [49].
A cross-sectional study analyzing data voluntarily collected by general
practitioners in Italy [50] showed an association, albeit weak, between
asthma and depression, diabetes mellitus, osteoporosis, and gastro-
esophageal reflux disease. In a cohort of patients aged 65 years or
older, Soriano et al. reported an association between asthma and dis-
eases of different organ systems (especially cardiac and respiratory),
with an increased risk of incident pneumonia, respiratory infections,
myocardial infarction, and angina [51]. It is interesting that this pattern
of comorbidities is different from that observed in younger asthmatics,
but resembles the one observed in chronic obstructive pulmonary dis-
ease. As previously discussed, COPD itself is an important comorbidity
of asthma, and the prevalence of overlap between these two diseases in-
creases with age [52]. Furthermore, older people with long-standing
asthma may develop “fixed” bronchial obstruction [53].

Compared to people without asthma, people with asthma have an
increased risk of disturbed sleep [54], and this comorbidity should not
be overlooked in the elderly, as it may contribute to the high prevalence
of depression in this population [55]. The complexity of the elderly, co-
morbid patient may account for the poorer outcome of asthma in this
group compared to younger people. Most of the deaths due to asthma
occur in elderly people [56], and elderly asthmatics also have a higher
all-cause mortality, although asthma itself does not seem to increase
the mortality risk [17]. Comorbidities also are an important driver of
asthma-related costs [57]. The presence of comorbidities influences
quality of life: among adults with asthma, about one third of those
reporting comorbidities also reported to have a poor quality of life [58].

An important aspect when addressing the role of comorbidity is its
interaction with drug therapy. It is not surprising that our patient devel-
oped hyperglycemia, probably because of the high doses of systemic
corticosteroids. This often occurs in elderly subjects with impaired
glucose tolerance as a result of the acute stressful event and the use of
systemic corticosteroids. In addition, depression most likely contributed
to confuse the diagnosis. If properly assessed, the correct management
of comorbidities would have accelerated the diagnosis. Comorbidity is
associated with polypharmacotherapy, which in turn is one of the
most important risk factors for adverse drug reactions in the elderly
[59]. The risk for adverse drug reactions is further increased in this
population by the high prevalence of renal insufficiency that often
goes unrecognized due to lack of serum creatinine increase [60]. Fur-
thermore, specific comorbidities may impair the ability to use inhalation
devices, and this is the case of our patient who was suffering from ar-
thritis. For example, a strong relationship between cognitive function
evaluated using standard screening tests (e.g., the Mini-Mental State
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Examination) and the ability to acquire metered dose inhaler or
Turbohaler technique has been shown [61].

1.5. How to manage asthma in advanced ages

1.5.1. Multidimensional assessment

As all other diseases, asthma cannot be adequately managed in the
elderly without taking into account the complexity that is inherent to
these patients. This paradigm has led to the concept of “multidimen-
sional assessment” (MDA), defined as “a multidisciplinary evaluation
in which the multiple problems of older persons are uncovered,
described, and explained, if possible” [62]. MDA is a fundamental tool
in geriatric medicine as it allows identifying priorities and strategies in
the management of these patients. A comprehensive description of
MDA techniques is beyond the scope of this article; therefore we will
only focus on those aspects that become crucial when evaluating the
geriatric asthmatic patient.

Evaluation of cognitive function is of importance both for asthma se-
verity assessment, which requires the ability to report asthma-related
symptoms, and for compliance to drug therapy (see below). Different
screening tools are available, such as the Mini-Mental State Examination
(MMSE) that is commonly used in the elderly population. The MMSE
lacks information on the psychometric characteristics of the elderly
asthmatic population. The poor performance of the MMSE is probably
due to the peculiar pattern of cognitive deficits in elderly people with
respiratory problems, in which verbal memory and executive function
seem to be more impaired [63]. On this basis, the MDA of elderly
patients with asthma should also include a test for verbal memory
(e.g., the Rey 15-item memory test) and for executive/praxic function
(e.g., the Clock test).

Mood status should be routinely investigated as it is strongly related
to compliance to therapy, poor quality of life, and poor outcomes in el-
derly with asthma [64]. Furthermore, anxiety and depression are related
with overperception or underperception of asthma symptoms, and thus
may lead to a misclassification of asthma severity [65]. A further inves-
tigation by Di Marco et al. showed a close correlation between anxiety
and depression, and a poor asthma control [66]. Our patient did not ad-
equately perceive, and therefore, reported chest tightness associated
with episodes of bronchospasm. This may have delayed the correct
diagnosis and assessment of disease severity. Different questionnaires
are available to evaluate depression in the elderly, including the

Geriatric Depression Scale and the Hospital Anxiety and Depression
Scale.

Physical function can be considered an overall marker of health in
the elderly. In particular, gait speed is related to quality of life, incident
disability and mortality [67]. Consequently, evaluation of walking speed
is included in almost all MDA protocols. Different methods for gait
speed evaluation exist, with variable distances (4 or 6 m, 15 ft, etc.)
and effort (usual pace vs. as fast), with no significant differences with
respect to their ability to predict survival [68]. In patients with respira-
tory diseases, the 6-min walking test (6MWT) is commonly used as a
sub-maximal exercise test. While longer to administer, the 6MWT
seems preferable because it allows the detection of functional limita-
tions due to poor lung function. Again, we predict that our patient
would have benefited from a multidimensional assessment, both in
terms of early diagnosis and proper treatment. Fig. 1 describes the
main steps that should be performed when approaching an individual
with suspected asthma in the elderly.

1.5.2. Pharmacological treatment

As a general concept that applies to all ages, the effort to avoid
triggers that can precipitate asthma should be encouraged. All elderly
patients with asthma should also receive annual influenza vaccine pro-
phylaxis and pneumococcal vaccine administration when indicated
[69], to reduce the risk of viral or bacterial infections that can cause se-
vere asthma attacks. Active interventions, such as smoking cessation
and reduction of body weight, should always be pursued, whenever
necessary. Also, with the advantages of more effective or easier methods
of specific allergy treatment (e.g., subcutaneous immunotherapy with
adjuvants to increase the immune response, sublingual immunothera-
py) elderly patients may be managed more effectively [70,71].

The management of asthma in the elderly follows specific guidelines
that apply to all ages [72], although most behaviors are an arbitrary
extrapolation of what has been tested in young ages. In fact, age has
always represented an exclusion criterion for eligibility to clinical trials.
Inhaled corticosteroids remain the mainstay for the treatment of
persistent asthma, even in older populations. Local adverse effects
(hoarseness, cough, candidiasis) can be more frequent in older patients,
because of oral deposition due to lack of coordination when using the
device, and could be avoided by using a spacer or a chamber, and by in-
viting the patients to rinse his/her mouth after each inhalation. Among
potential side effects, the attention must be focused on cataracts and

Symptoms suggestive of asthma

#

Lung function assessment | MDA

|

|

T

Comorbidity assessment

Confirm the diagnosis

Evaluate the severity

Establish the complexity

Fig. 1. A suggested approach to an individual with suspected asthma in older age. MDA: Multidimensional assessment. Lung function assessment should include spirometry with revers-
ibility test and measurement of the carbon monoxide diffusing capacity of the lungs (DLCO). MDA should include the Geriatric Depression Scale (GDS), the Mini Mental State Examination

(MMSE), and the six minute walking test (6MWT).
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osteoporosis since they represent frequent comorbidities in the elderly
population. A higher risk of systemic side effects is associated with the
chronic administration of oral corticosteroids: for this reason, dosages
and duration of treatment should be carefully controlled.

Long acting beta-2 adrenergics exert both a valid and prolonged
bronchodilation and a steroid sparing effect when added to moderate
dose inhaled corticosteroids instead of increasing the dosage of the lat-
ter. At usual therapeutic doses side effects are rare and include muscular
tremors and tachycardia. However, the coexistence of cardiovascular
disorders increases the frequency and severity of side effects, some of
which may be particularly detrimental in elderly patients [73]. Of
note, aging-related impairment in responsiveness to bronchodilators
has been observed in vivo and in vitro [74,75]. Anticholinergic drugs
may represent a valid alternative to beta-2 agonists. Although they
have not yet been approved for asthma by the normative authorities,
there is a rationale to support their use in elderly asthmatics. Theoreti-
cally, anticholinergics may induce urinary hesitancy, constipation
and exacerbations of glaucoma, all of which would be significant in
elderly patients. However, only few studies have been conducted to
assess this issue in asthma. In a recent small study on asthmatic age
41-82 years with and without emphysema, the only adverse effect of
inhaled tiotropium was dry mouth [76].

Antileukotrienes may have advantages over inhaled bronchodilators
as additive treatment with corticosteroids, when the former are contra-
indicated in older populations due to concomitant diseases. Theophyl-
line is a bronchodilator agent that has been used for various decades
in the treatment of asthma. This drug may cause cardiovascular side ef-
fects such as supraventricular tachycardia and arrhythmias including
also potential fatal events like ventricular arrhythmias. The difficulties
in managing this drug in terms of dosage adjustment and side effects
limit its use in the elderly. A possible therapeutic option for elderly
patients with severe allergic asthma is anti-IgE therapy with the mono-
clonal antibody omalizumab. This has recently been shown to be effec-
tive in decreasing symptoms in elderly population, especially in those
subjects with early onset of disease. Possible unwanted effects of anti-
IgE therapy include an increased risk of parasitic infection and adrenal
insufficiency, which should be properly addressed in the advanced
ages [77,78].

1.6. Are pharmacokinetics and pharmacodynamics of asthma drugs
different in the elderly?

The mainstay of asthma management is to achieve and maintain
control of the disease, by periodically reassessing clinical and functional
parameters. In the elderly, special attention should be paid to the safety
of treatment as well, since this can be influenced by age-related factors,
such as the more frequent occurrence of comorbidities and prescription
of multiple drugs. Older people experience more adverse drug effects
because of pharmacodynamic and pharmacokinetic changes and partic-
ularly drug-drug and drug-disease interactions. Bronchoconstriction
affects drug deposition, with distribution being less uniform in individ-
uals with obstructive airways. This has been demonstrated with inhaled
corticosteroids administered using powder inhalers: beclometasone,
budesonide, fluticasone propionate and mometasone furoate [79]. For
these four drugs the systemic absorption at 50% predicted FEV; was
about 23%, 23%, 29% and 54% less compared with 100% predicted FEV,
[79]. Since these correlations were stronger after adjusting for age, the
authors suggest that factors other than lung function affect the systemic
absorption of inhaled corticosteroids. We speculate that in the elderly
patients age-related factors, such as reduction in lung function, interfere
with systemic absorption of inhaled corticosteroids and perhaps with
absorption of all inhaled drugs.

Looking at the use of bronchodilators in the treatment of airway
obstruction in elderly patients [80], there is evidence for modification
of pharmacokinetics and/or pharmacodynamics of beta-agonists, anti-
cholinergics and theophylline [81]. The beta-adrenoceptor response is

different due to increased sympathetic system activity, reduction in
adenyl cyclase responses and reduction in beta-adrenoceptor affinity
with aging [81]. Similarly, the anticholinergic response is different due
to the decrease of parasympathetic activity and reduction in receptor
numbers or post-receptor coupling, as, demonstrated in animal models,
with aging [81].

Whether the aging process is associated with changes in theophyl-
line kinetics has been a matter of controversy. A large number of studies
demonstrated that theophylline metabolism decreases in the elderly
[82-85] although data are conflicting [86,87]. Adverse events of theoph-
ylline may develop also in patients who are taking the usual dose be-
cause the clearance of theophylline is modified by various factors,
including aging. In this respect, it has been reported that theophylline
clearance gradually decreases with age. However, some authors demon-
strated that changes in theophylline clearance only become apparent in
the last decades of life [88] and that adult age is a relatively weak predic-
tor of theophylline clearance [83]. Moreover, Ohta et al. [89] investigat-
ed 3810 Japanese elderly patients and demonstrated that those with
liver disorders and those with concomitant arrhythmia more frequently
showed adverse events of theophylline with an odds ratio of 1.81 and
1.88, respectively.

1.7. Does adherence to treatment play a role in the elderly?

As in all chronic diseases, careful attention should be paid to the
adherence to therapy particularly in older subjects, who often suffer
from comorbidities and are put on complex treatment regimens includ-
ing several different drugs: both factors can negatively influence the
compliance of the asthmatic patient, thus limiting the efficacy of any
therapeutic scheme. Physical and cognitive impairment, together with
depression, may affect the adherence of elderly patients to treatment
plan [90,91]. Finally, adverse reactions related to polypharmacy and to
comorbidity are more frequent in the elderly: on the one hand broncho-
dilators might worsen coexisting diseases (such as cardiac arrhyth-
mias); on the other hand, medications often used by elderly patients,
like 3-adrenergic blockers or non-steroidal anti-inflammatory drugs,
might elicit or worsen bronchoconstriction. Asthma treatment is often
based on medications, dispensed through specific devices: problems
connected with the use of complex inhalers are common in this age
range, which in turn affect adherence to treatment. There is no doubt
that the ideal inhaler should be simple to use and to carry, and should
assure the optimal and consistent delivery of the drug. A recent Italian
survey demonstrated that a good patient-physician relationship repre-
sents the first step for a successful management of respiratory diseases
[92]. A retrospective study on the prescription refill adherence for in-
haled therapy dispensed to asthma /COPD patients aged 60 years and
older over a 10-year period demonstrated that only 28% of the repeat
prescriptions for inhaled corticosteroids had been dispensed with a
satisfactory refill adherence [93]. Recently, asthma outcomes in older
people were demonstrated to be significantly improved by delivering
tailored education that identifies specific patient concerns and unmet
needs [94]. In our patient, there is no mention of educational plans
adopted by the physicians, explanation and reassessment of the inhala-
tion techniques, and choice of the device. All of them may have contrib-
uted to a slower recovery.

2. Conclusions

Today, asthma in the elderly is a well-recognized condition, with
unique features reflecting the co-existence of other diseases, the use
of multiple respiratory and non-respiratory drugs, individual respon-
siveness to treatment, and different perceptions of symptoms. The prev-
alence of asthma in older adults has been demonstrated to be not
different from that in younger adults, ranging from 6 to 10%. Given the
progressive aging of population, it is plausible to predict that asthma
in the elderly will markedly increase its impact on public health in the

10.1016/j.€jim.2014.01.004

Please cite this article as: Scichilone N, et al, Diagnosis and management of asthma in the elderly, Eur ] Intern Med (2014), http://dx.doi.org/



http://dx.doi.org/10.1016/j.ejim.2014.01.004
http://dx.doi.org/10.1016/j.ejim.2014.01.004

6 N. Scichilone et al. / European Journal of Internal Medicine xxx (2014) xXx-xxx

next years. Efforts should be made to disseminate the knowledge on this
nosological entity, in order to help the physicians to properly recognize
and treat the older asthmatics.

Learning points

* The precise prevalence of asthma in the elderly is difficult to ascertain,
because of the heterogeneity of the clinical and functional presentations
of the disease at advanced ages, including the partial loss of reversibility
and the poor perception of symptoms by the patients. It is however
assumed that the prevalence of asthma in the most advanced ages is
similar to that in younger ages.

In clinical practice, asthma that occurs in the most advanced ages is
often diagnosed as COPD, thus leading to undertreatment of improper
treatment. This is mainly due to the erroneous concept that airway
obstruction in older adults is usually attributed to COPD, even in the
presence of reversibility of the obstruction and in subjects without
smoke exposure.

Pulmonary function tests with the measurement of lung volumes and
the evaluation of reversibility of bronchial obstruction remain the hall-
mark for the diagnosis of asthma at all ages. In this context, the choice of
suitable cut-off diagnostic levels, appropriate reference values and
sound criteria for evaluation of reversibility is crucial.

The presence of multiple comorbid conditions is the norm in the elderly
patient and comorbidities should always be assessed. Cognitive
function and mood status should be routinely investigated as they
are strongly related to adherence to therapy, quality of life, and poor
outcomes in elderly asthmatics.

The management of asthma in the elderly follows specific guidelines
that apply to all ages, although most behaviors are an arbitrary
extrapolation of what has been tested in young populations.

Conflict of interests

The authors declare no conflict of interest related to this review
article.

References

[1] World Health Organization (WHO). Global surveillance, prevention and control of
chronic respiratory diseases: a comprehensive approach. Switzerland: Geneva978
92 4 156346 8; 2007 [WHO Press].

[2] Bellia V, Scichilone N, Battaglia S. Asthma in the elderly. In: Bellia V, Antonelli-Incalzi
R, editors. Respiratory diseases in the elderly. Eur Respir MonSheffield, UK:
European Respiratory Society; 2009. p. 56-76.

[3] Adams R], Wilson DH, Appleton S, Taylor A, Dal Grande E, Chittleborough CR, et al.
Underdiagnosed asthma in South Australia. Thorax 2003;58:846-50.

[4] Arif AA, Rohrer JE, Delclos GL. A population-based study of asthma, quality of
life, and occupation among elderly Hispanic and non-Hispanic whites: a cross-
sectional investigation. BMIC Public Health 2005;5:97.

[5] Burr ML, Charles TJ, Roy K, Seaton A. Asthma in the elderly: an epidemiological sur-
vey. Br Med ] 1979;1:1041-4.

[6] Dantzer C, Tessier JF, Nejjari C, Barberger-Gateau P, Dartigues JF. Mortality of elderly
subjects with self-reported asthma in a French cohort, 1991-1996. Eur ] Epidemiol
2001;17:57-63.

[7] Dickinson JA, Meaker M, Searle M, Ratcliffe G. Screening older patients for obstruc-
tive airways disease in a semi-rural practice. Thorax 1999;54:501-5.

[8] Hamzacebi H, Unsal M, Kayhan S, Bilgin S, Ercan S. Prevalence of asthma and respi-
ratory symptoms by age, gender and smoking behaviour in Samsun, North Anatolia
Turkey. Tuberk Toraks 2006;54:322-9.

[9] Kotaniemi JT, Lundback B, Nieminen MM, Sovijarvi AR, Laitinen LA. Increase of
asthma in adults in northern Finland?—a report from the FinEsS study. Allergy
2001;56:169-74.

[10] Nejjari C, Tessier JF, Letenneur L, Dartigues JF, Barberger-Gateau P, Salamon R.
Prevalence of self-reported asthma symptoms in a French elderly sample. Respir
Med 1996;90:401-8.

[11] Oraka E, Kim HJ, King ME, Callahan DB. Asthma prevalence among US elderly by age
groups: age still matters. ] Asthma 2012;49:593-9.

[12] Parameswaran K, Hildreth AJ, Chadha D, Keaney NP, Taylor IK, Bansal SK. Asthma in
the elderly: underperceived, underdiagnosed and undertreated; a community
survey. Respir Med 1998;92:573-7.

[13] Soriano JB, Kiri VA, Maier WC, Strachan D. Increasing prevalence of asthma in UK
primary care during the 1990s. Int ] Tuberc Lung Dis 2003;7:415-21.

[14] Viegi G, Pedreschi M, Baldacci S, Chiaffi L, Pistelli F, Modena P, et al. Prevalence rates
of respiratory symptoms and diseases in general population samples of North and
Central Italy. Int ] Tuberc Lung Dis 1999;3:1034-42.

[15] Bauer BA, Reed CE, Yunginger JW, Wollan PC, Silverstein MD. Incidence and out-
comes of asthma in the elderly. A population-based study in Rochester, Minnesota.
Chest 1997;111:303-10.

[16] Moorman JE, Mannino DM. Increasing U.S. asthma mortality rates: who is really
dying? ] Asthma 2001;38:65-71.

[17] Bellia V, Pedone C, Catalano F, Zito A, Davi E, Palange S, et al. Asthma in the elderly:
mortality rate and associated risk factors for mortality. Chest 2007;132:1175-82.

[18] Kitch BT, Levy BD, Fanta CH. Late onset asthma: epidemiology, diagnosis and
treatment. Drugs Aging 2000;17:385-97.

[19] Braman SS, Kaemmerlen JT, Davis SM. Asthma in the elderly. A comparison between
patients with recently acquired and long-standing disease. Am Rev Respir Dis
1991;143:336-40.

[20] Quadrelli SA, Roncoroni AJ. Is asthma in the elderly really different? Respiration
1998;65:347-53.

[21] Cassino C, Berger KI, Goldring RM, Norman RG, Kammerman S, Ciotoli C, et al.
Duration of asthma and physiologic outcomes in elderly nonsmokers. Am J Respir
Crit Care Med 2000;162:1423-8.

[22] Hanania NA, King MJ, Braman SS, Saltoun C, Wise RA, Enright P, et al, Asthma in
Elderly workshop p. Asthma in the elderly: current understanding and future
research needs—a report of a National Institute on Aging (NIA) workshop. ] Allergy
Clin Immunol 2011;128:54-S24.

[23] Holguin F, Bleecker ER, Busse WW, Calhoun W], Castro M, Erzurum SC, et al. Obesity
and asthma: an association modified by age of asthma onset. ] Allergy Clin Immunol
2011;127:1486-93.

[24] Ulrik CS, Lange P. Decline of lung function in adults with bronchial asthma. Am ]
Respir Crit Care Med 1994;150:629-34.

[25] Ulrik CS, Backer V, Dirksen A. Mortality and decline in lung function in 213 adults
with bronchial asthma: a ten-year follow up. ] Asthma 1992;29:29-38.

[26] Litonjua AA, Sparrow D, Weiss ST, O'Connor GT, Long AA, Ohman Jr JL. Sensitization
to cat allergen is associated with asthma in older men and predicts new-onset
airway hyperresponsiveness. The Normative Aging Study. Am ] Respir Crit Care
Med 1997;156:23-7.

[27] Scichilone N, Augugliaro G, Togias A, Bellia V. Should atopy be assessed in elderly
patients with respiratory symptoms suggestive of asthma? Expert Rev Respir Med
2010;4:585-91.

[28] Burrows B, Barbee RA, Cline MG, Knudson R], Lebowitz MD. Characteristics of
asthma among elderly adults in a sample of the general population. Chest
1991;100:935-42.

[29] Bellia V, Battaglia S, Catalano F, Scichilone N, Incalzi RA, Imperiale C, et al. Aging and
disability affect misdiagnosis of COPD in elderly asthmatics: the SARA study. Chest
2003;123:1066-72.

[30] Ebihara S, Saito H, Kanda A, Nakajoh M, Takahashi H, Arai H, et al. Impaired efficacy
of cough in patients with Parkinson disease. Chest 2003;124:1009-15.

[31] Oguzulgen IK, Kervan F, Ozis T, Turktas H. The impact of bronchiectasis in clinical
presentation of asthma. South Med ] 2007;100:468-71.

[32] Santus P, Russo A, Madonini E, Allegra L, Blasi F, Centanni S, et al. How air pollution
influences clinical management of respiratory diseases. A case-crossover study in
Milan. Respir Res 2012;13:95.

[33] Enright PL, McClelland RL, Newman AB, Gottlieb D], Lebowitz MD. Underdiagnosis
and undertreatment of asthma in the elderly. Cardiovascular Health Study Research
Group. Chest 1999;116:603-13.

[34] Tinkelman DG, Price DB, Nordyke R], Halbert R]. Misdiagnosis of COPD and asthma in
primary care patients 40 years of age and over. ] Asthma 2006;43:75-80.

[35] Sorino C, Scichilone N, Battaglia S, Augugliaro G, Bellia V. Mechanisms in chronic
obstructive pulmonary disease: comparisons with asthma. Minerva Pneumol
2009;48:15-29.

[36] Cydulka RK, McFadden Jr ER, Emerman CL, Sivinski LD, Pisanelli W, Rimm AA.
Patterns of hospitalization in elderly patients with asthma and chronic obstructive
pulmonary disease. Am ] Respir Crit Care Med 1997;156:1807-12.

[37] Bleecker ER. Similarities and differences in asthma and COPD. The Dutch hypothesis.
Chest 2004;126:93S-5S [discussion 159S-61S].

[38] Masoli M, Fabian D, Holt S, Beasley R. Global Initiative for Asthma P. The global
burden of asthma: executive summary of the GINA Dissemination Committee
report. Allergy 2004;59:469-78.

[39] Law M, Morris JK, Wald N, Luczynska C, Burney P. Changes in atopy over a
quarter of a century, based on cross sectional data at three time periods. BM]
2005;330:1187-8.

[40] Linneberg A, Gislum M, Johansen N, Husemoen LL, Jorgensen T. Temporal
trends of aeroallergen sensitization over twenty-five years. Clin Exp Allergy
2007;37:1137-42.

[41] Bellia V, Pistelli R, Filippazzo G, Cibella F, Scichilone N, Catalano F, et al. Prevalence of
nocturnal asthma in a general population sample: determinants and effect of aging.
] Asthma 2000;37:595-602.

[42] Sorino C, Battaglia S, Scichilone N, Pedone C, Antonelli-Incalzi R, Sherrill D, et al.
Diagnosis of airway obstruction in the elderly: contribution of the SARA study. Int
J Chron Obstruct Pulmon Dis 2012;7:389-95.

[43] Bellia V, Pistelli R, Catalano F, Antonelli-Incalzi R, Grassi V, Melillo G, et al. Quality
control of spirometry in the elderly. The SA.R.A. study. SAlute Respiration
nell'Anziano = respiratory health in the elderly. Am ] Respir Crit Care Med
2000;161:1094-100.

[44] Bellia V, Sorino C, Catalano F, Augugliaro G, Scichilone N, Pistelli R, et al. Validation of
FEV6 in the elderly: correlates of performance and repeatability. Thorax
2008;63:60-6.

10.1016/j.€jim.2014.01.004

Please cite this article as: Scichilone N, et al, Diagnosis and management of asthma in the elderly, Eur ] Intern Med (2014), http://dx.doi.org/



http://dx.doi.org/10.1016/j.ejim.2014.01.004
http://dx.doi.org/10.1016/j.ejim.2014.01.004

N. Scichilone et al. / European Journal of Internal Medicine xxx (2014) xXX-xxx 7

[45] Lehmann S, Vollset SE, Nygaard HA, Gulsvik A. Factors determining performance
of bronchodilator reversibility tests in middle-aged and elderly. Respir Med
2004;98:1071-9.

[46] Bousquet ], Jeffery PK, Busse WW, Johnson M, Vignola AM. Asthma. From
bronchoconstriction to airways inflammation and remodeling. Am J Respir Crit
Care Med 2000;161:1720-45.

[47] Sin BA, Akkoca O, Saryal S, Oner F, Misirligil Z. Differences between asthma and
COPD in the elderly. J Investig Allergol Clin Immunol 2006;16:44-50.

[48] Verbeken EK, Cauberghs M, Mertens I, Clement J, Lauweryns JM, Van de Woestijne
KP. The senile lung. Comparison with normal and emphysematous lungs. 2.
Functional aspects. Chest 1992;101:800-9.

[49] Sullivan PW, Ghushchyan VH, Slejko JF, Belozeroff V, Globe DR, Lin SL. The burden of
adult asthma in the United States: evidence from the Medical Expenditure Panel
Survey. J Allergy Clin Immunol 2011;127:363-9 [e1-3].

[50] Cazzola M, Calzetta L, Bettoncelli G, Novelli L, Cricelli C, Rogliani P. Asthma and
comorbid medical illness. Eur Respir ] 2011;38:42-9.

[51] Soriano ]B, Visick GT, Muellerova H, Payvandi N, Hansell AL. Patterns of
comorbidities in newly diagnosed COPD and asthma in primary care. Chest
2005;128:2099-107.

[52] Soriano JB, Davis K], Coleman B, Visick G, Mannino D, Pride NB. The proportional
Venn diagram of obstructive lung disease: two approximations from the United
States and the United Kingdom. Chest 2003;124:474-81.

[53] Contoli M, Baraldo S, Marku B, Casolari P, Marwick JA, Turato G, et al. Fixed airflow
obstruction due to asthma or chronic obstructive pulmonary disease: 5-year
follow-up. J Allergy Clin Immunol 2010;125:830-7.

[54] Budhiraja R, Roth T, Hudgel DW, Budhiraja P, Drake CL. Prevalence and polysomno-
graphic correlates of insomnia comorbid with medical disorders. Sleep
2011;34:859-67.

[55] Roth T. Insomnia: definition, prevalence, etiology, and consequences. ] Clin Sleep
Med 2007;3:57-S10.

[56] Gibson PG, McDonald VM, Marks GB. Asthma in older adults. Lancet
2010;376:803-13.

[57] Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Alasaly K, Swiston ], et al. Economic
burden of asthma: a systematic review. BMC Pulm Med 2009;9:24.

[58] Zhang T, Carleton BC, Prosser R], Smith AM. The added burden of comorbidity in
patients with asthma. ] Asthma 2009;46:1021-6.

[59] Onder G, Petrovic M, Tangiisuran B, Meinardi MC, Markito-Notenboom WP, Somers
A, et al. Development and validation of a score to assess risk of adverse drug
reactions among in-hospital patients 65 years or older: the GerontoNet ADR risk
score. Arch Intern Med 2010;170:1142-8.

[60] Incalzi RA, Corsonello A, Pedone C, Battaglia S, Paglino G, Bellia V. Extrapulmonary
consequences of CitESI. Chronic renal failure: a neglected comorbidity of COPD.
Chest 2010;137:831-7.

[61] Allen SC, Jain M, Ragab S, Malik N. Acquisition and short-term retention of inhaler
techniques require intact executive function in elderly subjects. Age Ageing
2003;32:299-302.

[62] National Institutes of Health Consensus Development Conference Statement: geriat-
ric assessment methods for clinical decision-making. ] Am Geriatr Soc
1988;36:342-7.

[63] Incalzi RA, Gemma A, Marra C, Muzzolon R, Capparella O, Carbonin P. Chronic
obstructive pulmonary disease. An original model of cognitive decline. Am Rev
Respir Dis 1993;148:418-24.

[64] Krauskopf KA, Sofianou A, Goel MS, Wolf MS, Wilson EA, Martynenko ME, et al.
Depressive symptoms, low adherence, and poor asthma outcomes in the elderly. ]
Asthma 2013;50:260-6.

[65] Steele AM, Meuret AE, Millard MW, Ritz T. Discrepancies between lung function and
asthma control: asthma perception and association with demographics and anxiety.
Allergy Asthma Proc 2012;33:500-7.

[66] Di Marco F, Verga M, Santus P, Giovannelli F, Busatto P, Neri M, et al. Close
correlation between anxiety, depression, and asthma control. Respir Med
2010;104:22-8.

[67] Rejeski W], Mihalko SL. Physical activity and quality of life in older adults. ] Gerontol
A Biol Sci Med Sci 2001;56 [Spec No 2:23-35].

[68] Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait speed and
survival in older adults. JAMA 2011;305:50-8.

[69] Nichol KL, Margolis KL, Wuorenma ], Von Sternberg T. The efficacy and cost
effectiveness of vaccination against influenza among elderly persons living in the
community. N Engl ] Med 1994;331:778-84.

[70] Cox L, Cohn JR. Duration of allergen immunotherapy in respiratory allergy: when is
enough, enough? Ann Allergy Asthma Immunol 2007;98:416-26.

[71] Asero R. Efficacy of injection immunotherapy with ragweed and birch pollen in
elderly patients. Int Arch Allergy Immunol 2004;135:332-5.

[72] Global Initiative for Asthma (GINA). Global strategy for asthma management and
prevention. [Available from] http://www.ginasthma.org/; 2012.

[73] Centanni S, Carlucci P, Santus P, Boveri B, Tarricone D, Fiorentini C, et al. Non-
pulmonary effects induced by the addition of formoterol to budesonide therapy in
patients with mild or moderate persistent asthma. Respiration 2000;67:60-4.

[74] Connolly MJ, Crowley JJ, Charan NB, Nielson CP, Vestal RE. Impaired bronchodilator
response to albuterol in healthy elderly men and women. Chest 1995;108:401-6.

[75] van Schayck CP, Folgering H, Harbers H, Maas KL, van Weel C. Effects of allergy and
age on responses to salbutamol and ipratropium bromide in moderate asthma and
chronic bronchitis. Thorax 1991;46:355-9.

[76] Yoshida M, Nakano T, Fukuyama S, Matsumoto T, Eguchi M, Moriwaki A, et al. Effects
of tiotropium on lung function in severe asthmatics with or without emphysema-
tous changes. Pulm Pharmacol Ther 2013;26:159-66.

[77] Verma P, Randhawa I, Klaustermeyer WB. Clinical efficacy of omalizumab in an el-
derly veteran population with severe asthma. Allergy Asthma Proc 2011;32:346-50.

[78] Maykut RJ, Kianifard F, Geba GP. Response of older patients with IgE-mediated asth-
ma to omalizumab: a pooled analysis. ] Asthma 2008;45:173-81.

[79] Mortimer K], Harrison TW, Tang Y, Wu K, Lewis S, Sahasranaman S, et al. Plasma
concentrations of inhaled corticosteroids in relation to airflow obstruction in
asthma. Br ] Clin Pharmacol 2006;62:412-9.

[80] Bellia V, Battaglia S, Matera MG, Cazzola M. The use of bronchodilators in the
treatment of airway obstruction in elderly patients. Pulm Pharmacol Ther
2006;19:311-9.

[81] Gupta P, 0'Mahony MS. Potential adverse effects of bronchodilators in the treatment
of airways obstruction in older people: recommendations for prescribing. Drugs
Aging 2008;25:415-43.

[82] Antal EJ, Kramer PA, Mercik SA, Chapron DJ, Lawson IR. Theophylline pharmacoki-
netics in advanced age. Br ] Clin Pharmacol 1981;12:637-45.

[83] Jackson SH, Johnston A, Woollard R, Turner P. The relationship between theophylline
clearance and age in adult life. Eur ] Clin Pharmacol 1989;36:29-34.

[84] Otero MJ, Barrueco M, Marino EL, Gomez F, Dominguez-Gil A. Individualization of
theophylline dosage in adults with bronchial asthma. Drug Intell Clin Pharm
1986;20:704-7.

[85] Shin SG, Juan D, Rammohan M. Theophylline pharmacokinetics in normal elderly
subjects. Clin Pharmacol Ther 1988;44:522-30.

[86] Cusack B, Kelly JG, Lavan ], Noel ], O'Malley K. Theophylline kinetics in relation to
age: the importance of smoking. Br ] Clin Pharmacol 1980;10:109-14.

[87] Fox RW, Samaan S, Bukantz SC, Lockey RF. Theophylline kinetics in a geriatric group.
Clin Pharmacol Ther 1983;34:60-7.

[88] Otero MJ, Buelga DS, Vazquez MA, Barrueco M, Dominguez-Gil A. Application of pop-
ulation pharmacokinetics to the optimization of theophylline therapy. J Clin Pharm
Ther 1996;21:113-25.

[89] Ohta K, Fukuchi Y, Grouse L, Mizutani R, Rabe KF, Rennard SI, et al. A prospective
clinical study of theophylline safety in 3810 elderly with asthma or COPD. Respir
Med 2004;98:1016-24.

[90] Allen SC, Ragab S. Ability to learn inhaler technique in relation to cognitive scores
and tests of praxis in old age. Postgrad Med ] 2002;78:37-9.

[91] Bozek A, Jarzab ]. Adherence to asthma therapy in elderly patients. ] Asthma
2010;47:162-5.

[92] Santus P, Picciolo S, Proietto A, Falcone F, Mangiacavallo A, Pellegrino G, et al. Doc-
tor—patient relationship: a resource to improve respiratory diseases management.
Eur J Intern Med 2012;23:442-6.

[93] Krigsman K, Moen J, Nilsson JL, Ring L. Refill adherence by the elderly for asthma/
chronic obstructive pulmonary disease drugs dispensed over a 10-year period. J
Clin Pharm Ther 2007;32:603-11.

[94] Goeman D, Jenkins C, Crane M, Paul E, Douglass J. Educational intervention for
older people with asthma: a randomised controlled trial. Patient Educ Couns
2013;93:586-95.

10.1016/j.6jim.2014.01.004

Please cite this article as: Scichilone N, et al, Diagnosis and management of asthma in the elderly, Eur ] Intern Med (2014), http://dx.doi.org/



http://www.ginasthma.org/
http://dx.doi.org/10.1016/j.ejim.2014.01.004
http://dx.doi.org/10.1016/j.ejim.2014.01.004

	Diagnosis and management of asthma in the elderly
	1. Introduction
	1.1. Is asthma a rare disease in the elderly?
	1.2. What are the features of elderly asthmatic patients?
	1.3. How to diagnose asthma in advanced ages
	1.4. What is the role of comorbidity?
	1.5. How to manage asthma in advanced ages
	1.5.1. Multidimensional assessment
	1.5.2. Pharmacological treatment

	1.6. Are pharmacokinetics and pharmacodynamics of asthma drugs different in the elderly?
	1.7. Does adherence to treatment play a role in the elderly?

	2. Conclusions
	Learning points
	Conflict of interests
	References


