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Abstract Inhaled corticosteroids (ICSs) are widely used
in the treatment of patients with chronic obstructive pul-
monary diseases. However, high-dose regimens and long-
term use of ICSs have the potential to cause a variety of
local and systemic side effects such as candidiasis, cata-
racts, glaucoma, and osteoporosis. The use of ICSs can also
be associated with the risk of bone fractures, diabetes
mellitus and pneumonia. These ICS-related side effects are
of particular importance in elderly patients due to the pre-
sence of comorbidities and age-related behavioral, cogni-
tive, and psychological problems, which can all interact
with inhaled treatment. We reviewed the available literature
on the clinically relevant side effects of ICSs in the elderly
to provide practical measures to properly monitor and
manage the risk of ICSs in the geriatric population.
Inspection of the mouth, monitoring of ocular pressure, and
use of bone-protective drugs may be necessary in patients
on prolonged ICS therapy. Above all, the use of the lowest
possible ICS dose and a careful re-assessment of the inha-
lation procedure should be recommended. Taken together,
these observations suggest that physicians should use ICSs
appropriately for those patients in whom the benefit will
outweigh the risk, especially chronic obstructive pulmonary
disease (COPD) patients with previous frequent exacerba-
tions. Given the paucity of information on the topic and the
need to extrapolate the results from studies with broader age
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ranges, we strongly encourage the design of specifically
tailored clinical studies in the elderly.

Key Points

Asthma and chronic obstructive pulmonary disease

(COPD) are inflammatory disorders of the airways.

The pharmacological management of these chronic

diseases is based on persistent and long-term use of
inhaled corticosteroids (ICSs).

Asthma and COPD are among the most common
chronic diseases in clinical settings, and physicians
are expected to diagnose and manage those diseases
in the geriatric population on a daily basis. The
management of chronic obstructive respiratory
diseases in the geriatric population is complicated by
the increased occurrence of comorbidities and
associated treatment, and by age-associated
physiological and structural changes of the lung.

The chronic use of ICSs in the elderly is associated with
the increased risk of local and systemic side effects such
as candidiasis, cataract, glaucoma, diabetes mellitus,
bone fractures, and pneumonia. Physicians should be
aware of this in order to select those patients in whom the
benefits will outweigh the risks.

1 Introduction
Chronic obstructive respiratory diseases are amongst the

most common non-communicable diseases in adults.
Bronchial asthma is estimated to affect 300 million
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individuals worldwide, impairing quality of life and
accounting for very high direct and indirect costs [1]; not
infrequently, asthma is associated with near fatal or fatal
attacks [1]. Evidence has accumulated to demonstrate that
the prevalence of asthma in the most advanced ages is
similar to that of younger ages [2]. Chronic obstructive
pulmonary disease (COPD) is amongst the leading causes of
morbidity and mortality [3], with the prevalence and burden
of disease projected to increase in the coming decade due to
persistent exposure to COPD risk factors and to the changing
age structure of the world’s population. Both diseases share
a chronic inflammatory process of the airways, although the
inflammatory cells that are specifically involved, and the
response to treatment, are usually different. The frequent
coexistence of comorbid conditions in older patients com-
pared with younger subjects, together with age-associated
changes of the human lung, may render the management of
chronic obstructive diseases a complicated task.

The boundary line between the two diseases is unde-
fined, particularly in a recently described condition named
asthma/COPD overlap syndrome (ACOS) [4, 5]. The rec-
ognition of this nosological entity is complicated by the
fact that the prevalence of ACOS increases with age [6].
Indeed, the pathologic and functional overlap between
asthma and COPD has been estimated to be <10 % in
individuals younger than 50 years and >50 % in patients
aged 80 years or older [6].

Inhaled corticosteroids (ICSs) are considered the cor-
nerstone in the treatment of asthma and COPD, alone or in
combination with long-acting B2-agonists (LABA). Inter-
national GINA (Global Initiative for Asthma) guidelines for
asthma recommend low-dose ICS for the mildest forms of
the disease, and the addition of LABA to low dose ICS as
first choice when symptoms are not controlled; medium or
high doses of ICS are indicated for severe asthma [1]. In
COPD, the global initiative for chronic obstructive lung
disease (GOLD) guidelines encourage the use of ICS in the
most severe stages (i.e., when lung function is impaired and
subjects experience more severe respiratory symptoms and
frequent exacerbations) [3]. The GINA guidelines [1]
clearly state that asthma treatment in the elderly population
is complicated by several factors, such as reduced coordi-
nation, declining sensory perception, and increased number
of comorbidities and their associated symptoms and treat-
ment. In the GOLD guidelines [3], adherence to therapy and
careful monitoring of side effects are recommended. This
undoubtedly applies to the subset of patients of advanced
ages. Indeed, in both diseases, cognitive impairment, dis-
ability, loss of coordination in inhalation technique, need for
persistent treatment, and polytherapy may affect the occur-
rence of side effects in the elderly.

We will herein address the question of the age-associ-
ated risk of ICS treatment in chronic obstructive respiratory
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diseases. Emphasis will be placed on practical measures
that could be undertaken to offset the increased risk of
complications from ICS in the elderly.

2 Factors Influencing the Efficacy and Safety of Inhaled
Corticosteroids (ICSs)

2.1 Pharmacokinetics and Pharmacodynamics of ICSs

An ideal corticosteroid is effective and safe if it controls
inflammation and has minor local and systemic effects.
ICSs mainly used in asthma and COPD differ in terms of
their pharmacokinetic and pharmacodynamics features,
which in turn influence their efficacy and safety [7, 8]. ICSs
act as topical agents. Indeed, the inhaled route of admin-
istration aims to exploit topical effect, directly near the site
of deposition, minimizing the risk of systemic exposure
and maximizing the anti-inflammatory effect [9].

The mechanism of action of corticosteroids is genomic
and non-genomic. Both these actions have as a result an
altered transcription of pro- and anti-inflammatory genes.
The main pharmacokinetic/dynamic properties [9—11]
depend on (a) receptor affinity [12]; (b) particle size and
formulation [13, 14]; (c) oral, pulmonary, and systemic
bioavailability [15-18]; (d) half-life [17]; (e) protein
binding [19]; (f) bioactivation [17, 20]; (g) lipophilicity;
(h) lipid conjugation [8]; and (i) metabolism [17].

Corticosteroid receptors (CR) are located along the
entire airway epithelium and bronchial submucosa.
Receptor affinity is the potency by which a corticosteroid
binds its cytoplasmatic receptor. Receptor affinity is com-
monly expressed as relative receptor affinity (RRA) that
consists of receptor affinity relative to the known standard
dexamethasone. Therefore, the differences in RRA require
a dose adjustment that reflects the differences in efficacy
[1]. The amount of ICS reaching the lower airway depends
on its particle size [7]. Particles with diameter <5 microns
are likely deposited into bronchi and bronchioles, whereas
particles with diameter >5 microns are more likely to
deposit in the large airways. Particle size and distribution
within the bronchial tree depend on ICS formulations [1].
Hydrofluoroalkane (HFA) formulations with extra-fine
aerosols (e.g., beclomethasone, flunisolide, and cicleso-
nide) allow a higher distribution of the particles along the
bronchial tree and deposition in the peripheral airways than
non—extra-fine formulations, thus minimizing the deposi-
tion of the drug in the throat, and the consequent occur-
rence of local side effects, such as throat pain, dysphonia,
reflex cough, pharyngitis, and candidiasis [12]. The bio-
availability is the fraction of corticosteroid that reaches
systemic circulation through various organs and can be
responsible for systemic adverse effects. ICS in systemic



Inhaled Corticosteroids in the Elderly

789

circulation mainly originates from the amount deposited in
the oropharynx, which is swallowed, and then adsorbed
through the gastrointestinal tract. Moreover, a small frac-
tion of the drug deposited in the lung can be adsorbed
through the pulmonary vasculature [10]. The systemic
effects are related to the hypothalamic-pituitary-adrenal
(HPA) axis suppression and depend on dose, duration of
treatment, and timing of corticosteroid administration [9,
10]. The bioavailability depends also on protein-binding
properties. Protein binding, generally with albumin, is
rapid and reversible, and minimizes systemic adverse
effects, since only the free drug is pharmacologically
active. Not all ICSs are administered in their active form;
beclomethasone and ciclesonide must undergo a process of
bioactivation. The lipophilicity of ICSs is the ability to
dissolve into lipids. This characteristic positively influ-
ences the ICS passage across the phospholipidic cell
membranes and is responsible for its distribution in the
lipophilic tissues. Lung retention of ICS through this
mechanism seems to be associated with prolonged half-life.
Corticosteroids can be detected in the serum minutes after
inhalation, and most of them have a short half-life (<3 h).
Another mechanism by which lung retention can be pro-
longed is lipid conjugation. The addition of lipophilic side
chains to an ICS increases its residence in the lung. The
prolonged residence time from this ‘pulmonary reservoir’
of the drug allows for the once daily administration, min-
imizing the concentration of the free drug in the circula-
tion, and therefore the risk of systemic effects. The amount
of drug that is swallowed and absorbed in the bowel
undergoes first pass metabolism through the liver, thus
influencing the bioavailability. The liver is responsible for
lower systemic side effects.

2.2 Assessment of Risks and Benefits Associated
with the Use of ICSs

Despite the benefits associated with adding an ICS to a
long-acting bronchodilator in the treatment of severe
COPD, the use of ICSs in COPD is associated with a
number of side effects, and the risk of these side effects
may be increased by patient factors that are common in
COPD, such as increasing age and multiple comorbid
conditions. Arguably, the most serious side effect is the
increased incidence of pneumonia, which has been
observed among patients with COPD both in controlled
clinical trials and case-control analyses. In a recent retro-
spective cohort analysis on patients diagnosed with COPD
[13], the use of ICS was associated with an increase in the
risk of pneumonia. The multivariate Cox regression also
showed potentially dose-related increases in risk of pneu-
monia with adjusted HRs of 1.38, 1.69, and 2.57 for low-,
moderate-, and high-ICS dose versus no ICS use. The risk

was particularly evident in older patients and those with
comorbid conditions. The assessment of the benefits and
risks of adjunctive ICS treatment when making decisions
regarding its use in elderly patients becomes, therefore,
mandatory. Sobieraj and colleagues [14] conducted a meta-
analysis to elucidate the benefits and risks associated with
adjunctive ICS treatment in COPD. Three efficacy end
points (exacerbations, mortality, and change in St. Geor-
ge’s Respiratory Questionnaire [SGRQ] score), and two
tolerability end points (pneumonia and oral candidiasis),
together with study withdrawals, were evaluated in nine
randomized clinical trials. The authors showed that the
addition of an ICS to a LABA was associated with a
reduced risk for exacerbations and improvement in health-
related quality of life, but an increased risk for pneumonia
(RR 1.68; 95 % CI 1.28-2.21) and oral candidiasis (RR
2.93; 95 % CI 1.94-4.42) compared with long-acting
bronchodilator monotherapy. Taken together, these obser-
vations suggest that physicians should use ICS appropri-
ately for those patients in whom the benefit will outweigh
the risk, especially COPD patients with previous frequent
exacerbations.

With regard to the risk of bone fractures associated with
long-term use of ICS in the elderly population, the relative
increase in fracture risk should be mostly weighted against
the relative reduction of exacerbations in subjects with
COPD. In a systematic review and meta-analysis on ran-
domized and observational studies [15], the authors con-
cluded that the benefit/harm ratio should be less of a
concern for patients with low underlying fracture risk but
who have more severe COPD and are experiencing fre-
quent exacerbations. However, as cumulative ICS exposure
may be hazardous in older patients with multiple comor-
bidities and low bone mineral density, bone-protective
drugs may be warranted.

3 Specific Considerations of ICSs in the Elderly

Although the occurrence of systemic side effects of ICS is
lower in comparison with those associated with the use of
systemic corticosteroids, long-term use of high doses of
ICS carries the risk of systemic side effects, such as cata-
ract, glaucoma, diabetes, bone fractures, and pneumonia
[16]. These ICS-related complications are more relevant in
elderly patients, who are usually affected by several
comorbidities with associated symptoms and therapy,
which can interact with inhaled treatment.

3.1 Candidiasis

Oral, pharyngeal and even esophageal candidiasis are
common adverse effects of ICS. However, little is known
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about the prevalence in the elderly. Residual ICS in the
mouth could be influenced by various factors such as the
patient’s inhalation technique, patterns of inhalation, and
peak inspiratory flow, all of which are variably impaired in
elderly patients. In a retrospective study [17] using pre-
scribed oral antifungal medication to estimate the presence
of oral candidiasis in patients aged 65 years and over on
ICS, the 3-year occurrence of oral candidiasis was 7 %.
The occurrence was higher in users of pressurized metered
dose inhalers (pMDIs) when compared with dry powder
formulations (DPI) (6.9 versus 3.2 %, respectively; OR
2.2; 95 % CI 1.8-2.8) and with high ICS doses compared
with low doses (6.4 % versus 3.6, respectively; OR 1.8;
95 % CI 1.6-2.1). Treatment factors associated with the
first episode of oral candidiasis in new users of ICS were
use of antibiotics, oral steroids, and anti-diabetics in con-
junction with oral steroids.

3.2 Cataract

For systemic corticosteroids, the increased risk for the
development of posterior subcapsular cataract is well
established [18, 19]. Despite anecdotal reports [20, 21]
suggesting an increased risk of cataracts also with the
use of ICSs, studies specifically designed to investigate
the association between ICS use and the risk of devel-
oping cataract failed to find significant relationships
[22-24]. These studies were, however, of limited sample
size and mostly conducted in children in whom cataract
is a rare event. A cross-sectional study in elderly
patients reported an increased risk of cataract associated
with ICS use [25]. The sample size of this study was
likely insufficient to evaluate the influence of daily ICS
dosage and duration of treatment. In elderly patients
with chronic obstructive respiratory diseases, Garbe
et al. [26] investigated the association between the risk
of cataract extraction and the use of ICS. The authors
found that, independently of the dose employed, pro-
longed (more than 3 years) treatment with ICS was
associated with elevated risk of cataract extractions. Of
note, cataract extraction was more frequent in patients
using a high (>1 mg) average daily dose of beclo-
methasone dipropionate or budesonide for more than
2 years [26]. More recently, a meta-analysis [27] on two
databases from UK and Canada on the use of ICS in
adult and elderly patients concluded that the risk of
cataracts increased by about 25 % for each 1,000 pg
increase in daily dose of beclomethasone dipropionate
or equivalent. Thus, although no firm link between
cataract formation and ICS use has been made to date,
the lowest possible ICS dose is recommended to mini-
mize ocular complications [28].
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3.3 Glaucoma

A prospective study of 187 patients with various pulmon-
ary conditions and no documented history of glaucoma
found no significant increase in intraocular pressure after
the initiation of ICS therapy in these patients [29], sug-
gesting that the risk of development of glaucoma with ICS
therapy is low. Garbe et al. [30] conducted a case-control
study involving more than 40,000 patients to investigate
the association of ICS therapy with increased risk of ocular
hypertension or open-angle glaucoma, and concluded that
chronic use of ICS did not yield any increased risk of
ocular damage. However, the authors suggested that
monitoring of ocular pressure may be necessary in patients
on prolonged ICS therapy.

3.4 Diabetes

The question of the association between ICS use and the
induction (or worsening) of diabetes is a matter of debate,
particularly in patients with COPD [31, 32]. Diabetes is a
major cause of chronic disability and its prevalence
increases steadily with age [31, 32]; both the prevalence
and incidence of type 2 diabetes are higher in patients with
COPD [33, 34]. Therefore, the co-existence of these two
chronic conditions in the elderly becomes important when
corticosteroid medications are to be used. Clinical trials in
COPD did not report excess rates of adverse events of
diabetes associated with use [35, 36]. However, these trials
may not have had sufficient power to detect this excess risk
[37]. An observational study conducted in the Veterans
Affairs database found that ICS use was associated with a
change in serum glucose concentration, in a dose—response
manner, only in patients with diabetes [38]. Using a large
(about 30,000) population-based cohort of asthma and
COPD patients (mean age 65 £ 15 years), Suissa et al [37]
found that ICS use was associated with a significant 34 %
increase in the risk of incident diabetes, defined as initia-
tion of anti-diabetic medications. This risk increased with
higher doses of ICS, with 1,000 ng of fluticasone per day
or equivalent associated with a 64 % increase in risk.
Moreover, in patients already treated for diabetes with oral
hypoglycemic agents, the risk of progression to insulin also
increased by 34 % with the use of ICS, with the higher
doses associated with a 54 % increase [37]. A recent meta-
analysis [39] evaluated double-blind, placebo-controlled
trials involving budesonide or budesonide/formoterol in
asthma and in COPD, and did not identify increased risk of
new onset diabetes or hyperglycemia. However, the authors
found that the risk for diabetes/hyperglycemia in budeso-
nide-treated patients increased with increasing age. These
findings should be interpreted with caution since the age
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range was very broad (patients >4 years of age were
included).

3.5 Bone Fractures

Safety concerns, including osteoporosis and fractures, have
been raised with regard to the long-term use of ICS [40].
Glucocorticoids reduce bone formation and increase bone
reabsorption by direct actions on osteoblasts and osteo-
clasts. Corticosteroids may affect osteoporosis and frac-
tures through two different mechanisms [41]. The
mechanism of bone mineral density loss associated with
chronic exposure to corticosteroids may be related to an
increase in bone resorption at the cellular level [42]. In
contrast, short-term corticosteroid effects on fractures may
be related to an increase in apoptosis of osteocytes,
increasing the risk for fractures as a result of short-term
reduction in bone quality [43]. These phenomena can lead
to loss of bone calcium, decreased vitamin D-mediated
calcium absorption in the gut, decreased total body calcium
stores, and hyperparathyroidism [44]. It is noteworthy that,
particularly in women, reductions in production of sex
hormones may further reduce bone mass. Studies investi-
gating the association between ICS use and bone-mineral
density in adults have given inconsistent results. Clinical
studies have shown that accelerated bone re-absorption
occurs at all doses [45, 46]. In a study conducted to assess
whether a dose—response relation between cumulative ICS
dose and bone-mineral density exists, Wong and colleagues
[40] calculated the cumulative dose of ICS in asthmatics
and estimated its effect on bone density. The authors found
a dose-response relationship between ICS use and mineral
density. Although the study was performed in young
individuals, in whom the effect is estimated to be modest,
the clinical implications for elderly asthmatics may not be
trivial, since these subjects will likely continue to be
exposed to high doses of ICS over many years, thus
increasing the risk of fracture. Indeed, fracture incidence,
morbidity, and mortality rise significantly after the age of
70 years. Suissa et al. [48] conducted a case-control study
nested within a population-based cohort of elderly indi-
viduals (mean age 80.7 £ 6.25 years) followed for at least
4 years. They found that long-term use of ICS at the usual
recommended dose was not associated with a risk of
fracture of the hip or upper extremities. There was, how-
ever, a small increase in overall fracture risk of 6 % per
1,000 pg increase in mean daily dose, which was of bor-
derline statistical significance. This increase was due
entirely to an increase in the risk of an upper extremity
fracture, which increased by 12 % per each additional
1,000 pg of ICS per day in beclomethasone-equivalent
units. By analyzing data from two previous meta-analyses
[49, 50], a very recent meta-review on adverse effects of

ICS [16] concluded that ICS use was consistently associ-
ated with an increase in the risk of all types of fractures in
patients with COPD, with an estimated number needed to
treat for harm of 83 patients over 3 years of ICS use.
Moreover, the dose-response relationship demonstrated
that each 500 ng increase in beclomethasone dose equiv-
alents was associated with a 9 % increase in risk of frac-
tures, with modest overall effect size.

3.6 Pneumonia

A meta-analysis [51] on risk of pneumonia associated with
long-term use of ICS in COPD showed a significantly
increased risk of pneumonia (risk ratio of 1.57) with ICS.
The effect was clearly demonstrated for inhaled fluticasone
and mometasone. On the contrary, the evidence on whether
budesonide is different from other ICSs in the risk of
pneumonia remained inconclusive. The risk was evident,
especially in the elderly and in those with more severe
disease and lower lung function. However, in this meta-
analysis data on elderly seems limited, because information
only derives from a post-hoc analysis of the TORCH
(TOwards a Revolution in COPD Health) trial [52]. In this
trial, the hazard ratio for pneumonia increased from 1.62
for patients aged 55-64 years to 2.18 for patients aged
>75 years, in comparison with those <55 years. The
above-cited meta-review on adverse effects of ICS [16]
also re-analyzed available data for the risk of pneumonia,
and pointed out that the number needed to treat for harm
for pneumonia associated with ICS was estimated to be 60
patients per year. The lack of long-term head-to-head trials
comparing fluticasone propionate, budesonide, and mo-
metasone limited the possibility to find potential differ-
ences between these ICSs. In this regard, Suissa and co-
workers [53] conducted a population-based cohort study of
treated patients with COPD to assess whether the different
ICSs vary in their risk of pneumonia. Although significant
risk was seen with both fluticasone and budesonide, the rate
ratio was higher with fluticasone (RR 2.01; 95 % CI
1.93-2.10) than with budesonide (RR 1.17; 95 % CI
1.09-1.26). The dose-response effect was particularly
evident in the fluticasone group, where the risk of serious
pneumonia increased from 46 % with a low dose to 122 %
with a high dose [53]. Recent evidence from the PATHOS
(An Investigation of the Past 10 Years Health Care for
Primary Care Patients with Chronic Obstructive Pulmonary
Disease) study appear to confirm the safety profile of bu-
desonide in the COPD population [54]. In conclusion,
optimal ICS prescription in the elderly populations depends
on factors affecting the active principle and the device, as
described in Fig. 1.

It is largely recognized that the majority of elderly
patients are affected by several pathological conditions
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Fig. 1 Proposed factors
influencing the choice of an
inhaled corticosteroid (ICS) in
elderly patients. The choice of a
particular molecule of ICS
should be based on its
pharmacodynamic and
pharmacokinetic profiles, and
should also take into
consideration the liver function
of the patient (because of the
first pass metabolism of most
ICSs), patient adherence to once
daily (OD) or twice daily (BID)
administration, local and
systemic side effects that can be
accepted and tolerated, and co-
administered drugs that can
modify hepatic metabolism of
ICS. Similarly, the choice of the
device should be based on the
cognitive state, visual capacity,
muscular or skeletal diseases
that could impair coordination
and handgrip, and lung
functional impairment

simultaneously, which accounts for the multiple drug reg-
imens in populations over 65 years. In this real-life sce-
nario it becomes clinically important to prevent (or
recognize) the side effects which are relative to the phar-
macodynamic and pharmacokinetic properties of specific
ICSs, and to a variable extent influenced by the interaction
with other concomitant pharmacological classes [55]. In
their clinical practice, clinicians should therefore be aware
of the main determinants of drug interactions, such as first
pass metabolism and bioavailability. Indeed, the hepatic
metabolism of ICSs via cytochrome P450 (CYP3A4) is
influenced by enzymatic inhibitors [56]. Therefore, the
concomitant use of these drugs can be responsible for the
increase in bioavailability of the ICS and risk of toxicity.
When drug interaction is suspected, starting with a lower
dose (or reducing the dose) and performing closer clinical
follow-up is recommended as a first step, unless the with-
drawal of the ICS becomes mandatory. If prolonged co-
administration of enzymatic inhibitors is required, the
alternative approach is the choice of a corticosteroid such
as beclomethasone, which is metabolized through a process
of hydrolysis.

4 Practical Considerations for Elderly Patients
on Long-Term Disease Management with ICS

In some countries, cost-sharing policies have been pro-
posed to control growth in prescription drug costs.
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However, inflexible policies, such as prescription caps,
high premiums, and deductibles, can lead to undesirable
consequences. A Canadian study [57] provided information
from a large-scale observation of a sequence of drug ben-
efit policies in an older population (>65 years of age) over
a 5-year period. It is possible to postulate that the shift from
full coverage to fixed prescription drug copayment policy,
and subsequently to income-based deductible plus 25 %
coinsurance policy, led to a financial incentive for patients
to consider cost as a factor in their prescription decisions.
As a consequence, income-based deductible policy cover-
age was associated with increased emergency hospitaliza-
tion and physician visits in users of inhaled medications
(corticosteroid, [P2-agonist, or anticholinergic) aged
>65 years with chronic obstructive pulmonary disease,
asthma, or emphysema. Unfortunately, data divided by
asthma or COPD were not presented, thus limiting the
possibility to verify whether the observed effect of the
policies is more evident in patients with asthma, where the
role of ICS is well established.

Cognitive impairment increases with aging. About 17 %
of individuals with dementia reported association with
COPD in the US Medicare database [58] and there is
evidence that the occurrence of cognitive impairment is
related to the effects of hypoxemia [59]. The reduced
cognitive ability may obviously impact on the use of a
device, which is a key factor for optimal control of chronic
respiratory diseases. From this perspective, it is plausible to
postulate that the observed additive effect on respiratory-
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related and all-cause hospitalizations and death in patients
with COPD and coexisting cognitive impairment [60] is, at
least in part, due to the difficulty in complying with pre-
scribed therapy. Similarly, in asthma it has been demon-
strated that optimal pharmacological treatment might
improve some cognitive and instrumental activities in
patients with Alzheimer’s disease [61]. Elderly patients
often experience difficulties in learning how to use pres-
surized metered dose or dry powder inhalers despite
apparently normal cognitive functions and no obvious
dyspraxia [62, 63]; this is perhaps due to unrecognized
cognitive impairment and subclinical dyspraxia [62, 63],
and supports a recommendation for the implementation of
questionnaires in clinical practice, such as the Mini-Mental
State Examination, to investigate global cognitive status
when prescribing inhaler therapy for elderly patients [62].

Education and skills training are key issues for the
successful long-term management of asthma [1] and COPD
[3]. These include (but are not limited to) information,
inhaler skills, adherence, written action plan, and, if
applicable, self-monitoring. Individualized self-care edu-
cation programs provided by a nurse are useful in older
adults with moderate-to-severe asthma to enhance their
self-care behaviors, manage their disease, and increase
their quality of life, whereas computer-aided self-learning
videos or asthma brochures seem inadequate substitutes in
this age range [64]. A small study demonstrated the use-
fulness of assistance by caregivers during the inhalation
procedure in elderly patients with asthma whose pulmon-
ary function was not improved by self-administered ICS
therapy [65]. A study [66] specifically aimed at assessing
the inhalation technique by objectively measuring the

ability to generate adequate peak inspiratory flow (PIF) for
a variety of inhalers demonstrated that elderly patients with
COPD, even when in stable clinical conditions, were
generally unable to generate sufficient inspiratory flows for
the activation of the dry powder inhaler. Moreover, as the
effect of age on PIF reduction was independent of the
disease severity [66], it is possible to hypothesize that
elderly patients with asthma may also experience similar
problems.

In asthma and COPD, patients aged >70 years were
demonstrated to show higher percentages of critical errors
in the use of both MDIs and DPIs, compared with younger
patients [67]. Allen [68] studied the threshold of cognitive
impairment for the use of inhaler devices of increasing
levels of complexity in patients aged >70 years, and
demonstrated that the more complex the device, the higher
the threshold of cognitive function is required. The use of
large volume spacers may have advantages over MDIs for
elderly patients in terms of patient preference and inhaler
technique [69]. However, another study [70] aimed at
comparing MDIs with large volume spacers with breath-
activated inhalers and DPISs in the elderly demonstrated that
the latter were more likely to be used correctly than
inhalers with large volume spacers. Despite some of the
above-reported evidence and the generally accepted view
that older people use conventional MDIs poorly, MDIs
seem to be the most frequently employed type of inhaler
device amongst older people in the community, and are
used adequately when in combination with large volume
spacers [71]. However, this study excluded patients with
cognitive impairment, likely underestimating the rate of
failure to use inhalers properly in the community.

Fig. 2 Suggested strategies to [
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adverse effects: for each
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Therefore, caution should be taken when prescribing an
inhaler in older individuals, carefully re-assessing the
inhalation procedure.

5 Conclusions

Figure 2 provides practical suggestions to evaluate, and
properly manage, the adverse effects of ICSs. Knowledge
of the significant and relevant risk factors associated with
the development of oral candidiasis, such as ICS dose,
device type, associated prescription/diseases or presence of
dentures, can lead to early detection or prevention. In this
regard, it has been demonstrated that gargling and mouth
rinsing with about 20 ml water for 5 seconds three times is
sufficient to remove both the residual dry powder and
aerosol-type ICS from the mouth [72]. The dose-response
effect observed with ICSs with the incidence of serious
pneumonia [53] has important practical considerations for
elderly patients at high risk. In this respect, the use of the
lowest effective dose of ICS, if any, is mandatory in the
long-term management of stable COPD. Given the
importance of the topic and the paucity of data, studies
specifically designed to address this issue are strongly
advocated.
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