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Abstract
Older adults have a higher prevalence of chronic obstructive pulmonary disease (COPD), which will likely increase sub-
stantially in the coming decades owing to aging populations and increased long-term exposure to risk factors for this 
disease. COPD in older adults is characterized by low-grade chronic systemic inflammation, known as inflamm-aging. It 
contributes substantially to age-associated pulmonary changes that are clinically expressed by reduced lung function, poor 
health status, and limitations in activities of daily living. In addition, inflamm-aging has been associated with the onset of 
many comorbidities commonly encountered in COPD. Furthermore, physiologic changes that are often seen with aging can 
influence the optimal treatment of older patients with COPD. Therefore, variables such as pharmacokinetics, pharmacody-
namics, polypharmacy, comorbidities, adverse drug responses, drug interactions, method of administration, and social and 
economic issues that impact nutrition and adherence to therapy must be carefully evaluated when prescribing medication to 
these patients because each of them alone or together may affect the outcome of treatment. Current COPD medications focus 
mainly on alleviating COPD-related symptoms, so alternative treatment approaches that target the disease progression are 
being investigated. Considering the importance of inflamm-aging, new anti-inflammatory molecules are being evaluated, 
focusing on inhibiting the recruitment and activation of inflammatory cells, blocking mediators of inflammation thought to 
be important in the recruitment or activation of these inflammatory cells or released by these cells. Potential therapies that 
may slow the aging processes by acting on cellular senescence, blocking the processes that cause it (senostatics), eliminating 
senescent cells (senolytics), or targeting the ongoing oxidative stress seen with aging need to be evaluated.

1 Introduction

In healthy people, lung maturation and function peak at the 
age of 25 years, then stabilize and exhibit minimal variance 
until the age of 35 years, when it begins to decline [1]. Even 
in the absence of disease, older age can decrease pulmonary 
physiological performance. With aging, there are signifi-
cant changes in lung cellular composition, with substantial 
anatomical, physiological, and psychological changes [2]. 
Lungs experience a reduction in their function [3] and poor 
regeneration of their tissue [4]. There is an increase in aver-
age alveolus size and a decrease in alveolus flexibility, which 
reduces air exchange efficiency and susceptibility to alveolar 
damage during infections [1].

There is a growing understanding of the intricate molecu-
lar mechanisms involved in aging and how this process is 
accelerated in chronic disorders [5]. Genomic instability, 
telomere shortening, diminished proteostasis (autophagy), 
mitochondrial dysfunction, faulty nutrition sensing, epige-
netic alterations, stem cell depletion, and cellular senescence 
are all markers of aging [6]. Cellular senescence is a cell-
cycle arrest condition in which cells experience phenotypical 
alterations that result in the pathology of many age-related 
disorders.

Senescent cells secrete numerous cytokines, chemokines, 
growth factors, and proteases collectively known as the 
senescence-associated secretory phenotype (SASP), which 
act as signaling molecules [7]. Persistent cellular senescence 
and an excessive SASP when combined with a dysfunc-
tional immune system induce disruption of normal tissue 
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Key Points 

Chronic obstructive pulmonary disease is a disease of 
premature aging of the lung but it is more prevalent 
in older individuals and is often associated with other 
comorbidities.

Managing chronic obstructive pulmonary disease in 
older adults is challenging because of the anatomical, 
physiological, and psychological changes peculiar to 
aging and the ongoing systemic inflammation.

Changes in cognitive function and motor skills as well 
as underlying comorbid conditions impact the choice 
and response to the different medications available for 
chronic obstructive pulmonary disease.

Evaluation of novel pharmacological agents capable of 
controlling inflamm-aging and slowing cellular senes-
cence in this population is needed.

microenvironments, and chronic low-grade inflammation, 
known as inflamm-aging and caused by an imbalance of 
inflammatory and anti-inflammatory networks, emerges [8].

Inflammation is a critical factor in the etiology of chronic 
obstructive pulmonary disease (COPD) and is linked to dis-
ease progression [4]. Early senescence of lung resident cells 
has been reported to affect the pathogenesis of COPD, which 
is now considered a disease of early aging [9]. However, the 
role of age-related changes in accelerating COPD pathogen-
esis remains unknown, while there is no doubt that older 
adults have a higher prevalence of the disease [10].

It is unclear whether age-associated lung changes pre-
dispose to COPD development [11]. However, they do con-
tribute to poor health status and limitations in activities of 
daily living [12]. Furthermore, age-associated lung changes 
are associated with the onset of many comorbidities, such 
as cardiovascular, neurological, psychiatric, and gastroin-
testinal diseases and/or muscle wasting and osteoporosis, 
which are very common in COPD [13], probably linked by 
a common mechanism related to inflamm-aging [14]. When 
compared with those without COPD, older individuals with 
COPD showed a higher probability of coexisting geriatric 
syndromes, which could also be multiple [15]. Functional 
impairment, urine incontinence, malnutrition, cognitive 
impairment, and frailty were shown to be more prevalent 
in patients with COPD [15]. They worsen health status 
and increase morbidity and medication nonadherence and 
also the risk of admission to acute care units and mortal-
ity in older adults with COPD [16, 17]. Furthermore, tissue 
microenvironments and chronic low-grade inflammation 

may increase susceptibility to respiratory infection mainly 
in elderly patients [18].

Understanding why age increases the risk of COPD is still 
somewhat lacking [17]. It is widely accepted, however, that 
the older the patient, the more therapeutic aspects that need 
to be addressed to treat him/her most effectively [19]. Over 
the past two decades, as the population ages worldwide, the 
issue of more appropriately treating elderly patients with 
COPD has become an increasingly perceived need. Although 
reliable data to elaborate specific recommendations are still 
lacking, the accumulating evidence is leading to better thera-
peutic management of these patients.

The aim of this narrative review is to describe the chal-
lenges to be faced when pharmacologically treating older 
adults with COPD, but also the new opportunities that are 
gradually emerging even though many are not yet approved 
for the treatment of these patients.

2  The Pharmacological Treatment of COPD 
in Older Adults

The pharmacological treatment of COPD in older adults is a 
hot issue [19]. Unfortunately, no guidelines or strategies for 
treating COPD report age-specific recommendations for this 
population. Therefore, the same treatment algorithms indi-
cated for patients with COPD also apply to elderly patients. 
However, there are some general considerations related to 
aging and its influence on the performance of medications 
traditionally used to treat COPD that should be considered 
when prescribing for older patients (Table 1). It is indeed 
possible that older patients’ responses to COPD medications 
do not fully reflect those seen in adult populations.

The significant anatomical, physiological, and psycholog-
ical changes peculiar to aging can influence the optimal treat-
ment of patients with COPD [19]. Because of diminished 
metabolism despite therapeutic levels [20] and an overall 
decline in defensive organ functioning [21], older patients 
with COPD may be more susceptible to drug-induced 
adverse events. In addition, they are often at an increased 
risk of drug–drug interactions [22] because they are often 
taking multiple medications for comorbid conditions.

Therefore, pharmacokinetics, pharmacodynamics, polyp-
harmacy, comorbidities, adverse drug responses, drug inter-
actions, the delivery method, and social and economic issues 
that impact nutrition and adherence to therapy must all be 
carefully assessed when prescribing for elderly patients [19]. 
The results may be influenced by any one of these variables.
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2.1  Pharmacokinetics

Bronchodilators and inhaled corticosteroids (ICSs) are the 
mainstay therapy for COPD [23]. However, the evidence on 
which guidelines and strategies are determined is mainly 
based on the results of well-designed randomized controlled 
trials “in the population for which the recommendation is 
made without any important limitations” [23].

However, evidence on key therapeutic aspects in older 
patients with COPD is still lacking because pivotal rand-
omized controlled trials have important limitations related 
to selection criteria [24]. In general, older patients are less 
likely to be enrolled in clinical trials because their comor-
bidities are usually among the most frequent exclusion 
criteria. Furthermore, only a few studies have specifi-
cally examined how aging affects the pharmacokinetics 
and pharmacodynamics of inhaled bronchodilators [24]. 
Regrettably, there are no studies on age-related changes 
in the pharmacokinetics of ICSs [25].

The pharmacokinetics of drugs, including inhaled 
drugs, may be changed in aged people because of renal 
and hepatic insufficiency, weight loss, increased body fat, 
decreased body water, and the impact of aging on absorp-
tion [26]. In addition, aging affects the pharmacokinetics 
of inhaled drugs because of the ongoing decline in respira-
tory function [26]. An example of the importance of the 
pharmacokinetics of bronchodilators in elderly patients 
is the demonstration that when the effect of aging was 
investigated on the pharmacokinetics of tiotropium bro-
mide administered routinely via  HandiHaler®, the area 
under the concentration–time curve in older patients 
was 43% higher than that in young patients [24]. Renal 
clearance values in young and old patients were 326 
and 163 mL/min, respectively. The area under the con-
centration–time curve was likely higher in older patients 
because of reduced renal function. Another example of 
the importance of the pharmacokinetics of bronchodilators 
in older adults comes from theophylline, which, although 
no longer recommended as a bronchodilator in algorithms 
for treating COPD, is still used in low-income countries. 

Compared with young individuals, theophylline metabolic 
clearance decreases by 15–30% in old nonsmokers and 
16–20% in old smokers. These decreases are most likely 
related to a decrease in cytochrome P450 (CYP) activity, 
namely CYP1A2 [27].

2.2  Pharmacodynamics

It has been proposed that aging-related changes in lung 
mechanics, receptor populations, and nervous system regu-
lation may be responsible for differences in bronchodilator 
effectiveness in older patients versus younger people [28] 
(Table 2). Various animal model studies showed no change 
or a decline in response to β-adrenoceptor (AR) stimula-
tion with aging [29]. There is substantial evidence linking 
aging to a decrease in β2-AR affinity (or a lower fraction 
of high-affinity receptors), presumably because of receptor 
internalization in membrane-bound vesicles [30]. Abnormal 
post-receptor events may also cause impaired β-adrenergic 
action in elderly patients. A senescent rat lung displays lower 
β-AR agonist affinity and adenylate cyclase activity [31]. It 
is unclear if older people are less responsive to the bron-
chodilating effects of β2-AR agonists. In older participants, 
the response to a β2-AR agonist following methacholine-
induced bronchoconstriction has been investigated, with 
inconsistent findings [32, 33]. However, and unexpectedly, 
it has been shown that indacaterol, which is a once-daily β2-
AR agonist, is effective in improving forced expiratory vol-
ume in 1 second  (FEV1) across all age groups (< 65, ≥ 65, 
and ≥ 75 years of age). In contrast, formoterol, which is a 
twice-daily β2-AR agonist, is more effective in patients with 
COPD younger than 65 years of age [34].

The response to muscarinic acetylcholine receptor 
(mAChR) antagonists following methacholine-induced 
bronchoconstriction does not appear to change with age 
[35]. However, smaller improvements in lung function were 
observed in patients with COPD aged 80 years and older 
receiving tiotropium [36]. Nevertheless, the higher odds of 
 FEV1 response to umeclidinium compared with placebo, 
with its improvement from clinically significant baseline 

Table 1  Challenges of the treatment of chronic obstructive pulmonary disease in older adults

Aging-related changes in lung mechanics, receptor populations, and nervous system regulation
Diminished metabolism, renal and hepatic insufficiency, weight loss, increased body fat, decreased body water, and the impact of aging on 

absorption influencing the pharmacokinetic behavior of administered drug therapies
Overall decline in defensive organ functioning
Impact and treatment of comorbidities
Polypharmacy and drug interactions
Troubles in using inhalers because of physical and cognitive changes, the prevalence of arthritis or joint discomfort, neuromuscular diseases, 

weak respiratory muscles, and reductions in peak inspiratory flow
Poor adherence to prescribed therapy



608 M. G. Matera et al.

values (≥  100 mL) observed in a subgroup of patients 
with COPD aged ≥ 65 years compared with the subgroup 
aged < 65 years, suggest that older patients may be more 
responsive to mAChR antagonist monotherapy than younger 
patients [37].

It has been suggested that the number and functional 
responsiveness of lung  M2 mAChRs diminish during the 
aging process in humans [38]. Still, nothing is known 
regarding possible age-dependent modifications in human 
mAChRs.  M2 mAChRs usually inhibit the release of ace-
tylcholine from parasympathetic neurons. As a result, the 
depletion of  M2 mAChRs leads to enhanced acetylcho-
line release, followed by an increase in vagal tone [38]. It 
has been proposed that elderly patients (aged > 60 years) 
respond better to mAChR antagonists than younger patients, 
who benefit more from β2-AR agonists [39]. If this is true, 
older patients may require higher dosages of β2-AR agonists 
than mAChR antagonists to achieve a maximum broncho-
dilator response.

However, dual bronchodilation with a long-acting β2-
AR agonist (LABA) and a long-acting mAChR antagonist 
(LAMA), which is now recommended by the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) strategy 
as the initial treatment in the dyspneic patient [19] and by the 
American Thoracic Society for treating patients with COPD 
who complain of dyspnea or exercise intolerance [40], is 
effective across all age groups (< 65, ≥ 65, and ≥ 75 years) 
[41]. The bronchodilator effect is most pronounced in sub-
jects aged 40 to < 65 years, while it is smaller, with largely 
overlapping 95% confidence intervals, in subjects aged ≥ 75 
years [42]. The difference in  FEV1 response between dual 
bronchodilation and a LAMA is generally less pronounced 
in subjects aged ≥ 75 years [41], and the proportion of 
patients responding with improved trough  FEV1 ≥ 100 mL 
compared with LAMAs seems to be lower in older patients 
(≥ 75 years of age) [41].

Current recommendations for treating COPD include add-
ing an ICS to dual bronchodilation if the patient has frequent 
exacerbations or complains of dyspnea or exercise intoler-
ance despite dual bronchodilation with LABAs/LAMAs [23, 
40]. Experimental studies have suggested that the response 
to corticosteroids generally declines towards older age. For 
example, changes in the responsiveness of dog leukocytes 
to corticosteroids occur during the aging process [43]. Fur-
thermore, changes in glucocorticoid receptor activation have 
been found in aging rats [44]. In humans, the sensitivity 
of peripheral blood mononuclear cells to dexamethasone 
declines with age [45], although the precise mechanism 
underlying changes in corticosteroid sensitivity throughout 
aging has yet to be determined. This decreased sensitivity 
could lead to increasing the dose of corticosteroids in elderly 
patients. However, corticosteroid doses that appear safe in 
younger people may place older patients at risk of infection 

[46]. When using corticosteroids to treat older individuals, 
cell-mediated immunity factors, including a decrease in the 
fractional population of naïve T cells and a reduction in the 
chemotactic response of polymorphonuclear neutrophil leu-
kocytes and monocytes, are of concern [46].

According to an old study, ICS treatment can increase 
survival and minimize hospitalization in older patients with 
moderate-to-severe COPD beyond what standard pharma-
cological therapy can achieve [47]. There is documentation 
that long-term triple therapy with LABAs/LAMAs/ICSs 
significantly improves  FEV1 from baseline compared with 
dual bronchodilation or LABAs/ICSs. This effect is linked 
with a lower rate of exacerbation of COPD when compared 
with LABA/LAMA therapy, regardless of age [48]. On the 
contrary, compared with ICS/LABA therapy, triple therapy 
is related to a lower risk of moderate/severe exacerbations, 
particularly in patients aged 65 years or more. Unsurpris-
ingly, therefore, older adults are more likely to be prescribed 
triple therapy than other patients [49]. However, a large, 
retrospective, longitudinal, population analysis of people 
aged 66 years and older with physician-diagnosed COPD 
found that ICSs had no effect on the absolute or relative risk 
of hospitalization for COPD [50]. Patients above the age of 
75 years and those who were weak and taking ICS were at a 
greater risk of hospitalization.

Concerning the other drugs recommended in the treat-
ment of COPD [23], there is documentation that roflumi-
last, a phosphodiesterase 4 inhibitor to be used in patients 
with chronic bronchitis, severe to very severe COPD, and 
a history of exacerbations [19], reduces the frequency of 
exacerbations and improves lung function in patients aged 
65 years or less and in those aged older than 65 years [51]. 
However, adverse events were found to occur more fre-
quently in patients aged > 65 years. It must be mentioned 
that much preclinical evidence points to the function of 
phosphodiesterase 4 inhibitors in the restoration of aging-
related changes generated in animal models by various phar-
macological agents and in the overexpression of mutant ver-
sions of human amyloid precursor proteins and aging [52]. 
It has even been suggested that phosphodiesterase 4-related 
molecular pathways might be involved in both the biology of 
lung aging and the pathogenesis of COPD [53]. Azithromy-
cin, a macrolide recommended to reduce the risk of COPD 
exacerbation, appears to be most effective in older patients 
(aged > 65 years), with a significant interaction between age 
and treatment effect on the risk of exacerbation [54]. How-
ever, no evidence exists that the pharmacodynamic response 
to azithromycin is modified by age.

2.3  Comorbidities

It has been reported that many patients with COPD have 
at least one comorbidity [13, 55]. In addition, with aging, 
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patients with COPD comorbid conditions increase [56]. 
However, clinical practice guidelines for a specific disease 
do not usually address comorbidities in their recommenda-
tion. In its last version, the GOLD strategy recommends 
that comorbidities should be actively sought for and treated 
appropriately, which means that they should be managed per 
specific guidelines, irrespective of COPD [23]. Neverthe-
less, comorbidities can significantly influence the overall 
treatment of people with COPD. Drugs used to treat COPD 
may have a negative or, sometimes, even favorable impact on 
comorbidity, and vice versa, those used to treat comorbidity 
may aggravate COPD or influence it positively [57].

Long-acting β2-AR agonists induce an increase in heart 
rate and a worsening of arrhythmia, mainly in patients with 
COPD experiencing pre-existing cardiac arrhythmias and 
hypoxemia [58] and could increase the risk of heart fail-
ure (HF) [59]. An observational population-based study of 
191,005 older adults with COPD aged 66 years or older in 
Canada comparing the cardiovascular risk associated with 
LAMA and LABA use discovered increased risks of hospi-
talization and emergency department visits for cardiovas-
cular disease in new users of both medications [60]. Spe-
cifically, LABA use was associated with a 31% increase in 
cardiovascular events among older patients. However, in 
patients aged 50–85 years, β2-AR agonists reduced lung 
hyperinflation, with improvements in right cardiac chamber 
compliance indices and contractility [61]. Furthermore, a 
small prospective study conducted in patients with COPD 
aged ≥ 80 years showed that a LABA/LAMA combination 
had an acceptable cardiac profile and did not increase the 
short-term proarrhythmic risk in older individuals [62].

An increased risk of acute urinary retention with mAChR 
antagonists should be considered when treating older 
patients with evidence of benign prostatic hyperplasia [63]. 
Long-term treatment with ICS at daily doses greater than 
1000 μg of beclomethasone equivalent for more than 4 years 
was correlated with a modest but substantial increase in the 
risk of hip and upper extremity fractures in a large popula-
tion-based cohort of 191,622 elderly subjects (mean age 81 
years) treated for chronic respiratory disease [64]. None-
theless, the relationship between ICS use and bone fracture 
incidence in patients with stable COPD remains unclear 
[65]. For example, adding an ICS to dual bronchodilation 
conferred no increased risk of osteoporosis and fractures, 
even in those aged 75 years or older [37, 48].

β-Blockers, statins, angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin II type 1 receptor blockers, 
and anti-platelet agents are the drugs that are usually used 
to treat the different cardiovascular diseases, regardless of 
whether the patient also has COPD [57].

β-Blockers are a valuable alternative for patients with 
COPD with ischemic heart disease, hypertension, and/or par-
ticularly HF [57]. Despite the clinical and pharmacological 

rationale suggesting the use of β-blockers in most patients 
with HF, it was reported that in hospitalized older patients 
(median age 82.8 years) affected by HF and COPD, only 
36.9% were receiving a β-blocker on admission. This per-
centage became 38.0% at discharge, and there were no other 
β-blocker users after discharge [66]. These percentages were 
significantly lower than those observed in patients affected 
by HF alone (51.3 and 51.7%, respectively). However, stud-
ies that have enrolled patients with COPD with concomitant 
cardiovascular disease and an average age of at least 65 years 
have shown that although non-cardioselective-selective 
β-blockers and high doses of cardio-selective β-blockers 
might lead to a diminished response to inhaled β2-AR ago-
nists [67, 68], there is no risk when a β-blocker is added to 
a LAMA [69] or a dual bronchodilator [70].

A study, which used population-based administrative data 
and identified a cohort of patients with COPD and a mean 
age of 71.0 years, suggested that statins are associated with 
a significant reduction in all-cause and lung-related mortal-
ity among patients with COPD [71]. However, the STATU-
ETTE cohort study found no association between statin use 
and the risk of COPD exacerbation or all-cause mortality, 
regardless of patient age [72].

An extensive retrospective analysis of older individuals 
(mean age was 74.0 years) hospitalized for a COPD exacer-
bation evaluated the potential mortality benefit of ACE inhi-
bition [73]. When demographics, co-morbidities, and other 
medications were considered, the study found that ACE 
inhibitor or angiotensin II type 1 receptor blocker usage was 
substantially related to a reduced 90-day mortality after their 
COPD hospital presentation.

Platelet activation increases in patients with stable 
and COPD exacerbation [54]. In older male patients with 
COPD, the mean platelet volume was negatively correlated 
with the level of  FEV1 and left-ventricular ejection fraction 
[74]. Thus, preventing the formation of platelet–monocyte 
aggregates may be a valuable strategy for reducing the devel-
opment of a cardiovascular disease in patients with COPD 
[74]. The SPIROMICS study showed that aspirin users were 
significantly older than non-users, and daily aspirin use at 
baseline was associated with a lower incidence rate of COPD 
exacerbation, as well as less severe respiratory symptoms 
and a better quality of life at baseline [75].

In older patients with COPD with concomitant diabetes 
mellitus, larger corticosteroid doses are associated with an 
increased risk of diabetic complications [76]. Surprisingly, 
in a sample of aged (mean age 72 years) outpatients with 
COPD attending a university hospital, there was a slight 
association between ICS use and type 2 diabetes. Still, 
the combination of an ICS and a β2-AR agonist seemingly 
attenuated this association [77]. It has been observed that 
insulin therapy was a factor related to COPD and a reduced 
 FEV1/FVC ratio in elderly individuals [78]. However, a 
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comparison of a large group of patients with diabetes with 
an average age of about 70 years and treated with insulin, 
metformin, or sulfonylureas and a control group without 
diabetes and with an average age of about 48 years showed 
that the use of these drugs was not associated with incident 
COPD [79]. Recently, it has been suggested to use glucagon-
like peptide-1 receptor agonists, such as liraglutide, dula-
glutide, and exenatide, when there is a need to treat diabetes 
in an aged subject with COPD because they may modulate 
pulmonary function [80] and also induce anti-inflamma-
tory actions and reduce the secretion of surfactants, which 
decreases the risk of exacerbations [81].

2.4  Polypharmacy and Drug Interactions

Polypharmacy is often required when treating COPD and 
comorbidities at the same time. However, clinicians should 
be cautious about polypharmacy for several reasons [82]. 
Because of aging-related metabolic changes and decreased 
drug clearance, older adults are at a higher risk of experienc-
ing harmful drug responses [83]. Adverse drug responses 
can arise either through a direct effect on the lungs or the 
organ affected by the comorbidity or through a drug–drug 
interaction that increases the toxicity and decreases the 
therapeutic efficacy of the prescribed treatment for COPD 
or comorbidity [83]. This risk worsens because older adults 
take numerous medications and are particularly vulnerable 
to drug–drug interactions because of gradual physiological 
changes affecting the pharmacokinetics and pharmacody-
namics [83].

Bronchodilators and corticosteroids have great potential 
for systemic drug interactions [84]. β-Agonists can inter-
act with β-blockers, diuretics, and digitalis frequently used 
by elderly patients. Furthermore, salmeterol, a substrate of 
CYP3A4, should not be used with potent CYP3A4 inhibi-
tors such as azithromycin because concurrent administra-
tion can lead to an increased risk of adverse cardiovascular 
effects. Muscarinic acetylcholine receptor antagonists may 
have additive anticholinergic effects when concurrently used 
with anticholinergic-containing medications, such as antide-
pressants (amitriptyline, paroxetine), agents for overactive 
bladder (darifenacin, fesoterodine, oxybutynin, solifenacin, 
tolterodine, trospium), anti-Parkinson agents (benztropine, 
trihexyphenidyl), antipsychotics (olanzapine, quetiapine, 
haloperidol), and cardiovascular agents (disopyramide), all 
of which are of wide use in old age, and this could be a 
concern for patients with narrow-angle glaucoma, prostatic 
hyperplasia, or bladder neck obstruction [84].

In any case, it was shown that using a LABA/LAMA 
combination, the rates of adverse events, including drug-
related adverse events, were similar at all ages (< 65 years, 
≥ 65 years, and ≥ 75 years) [41]. Additionally, ICSs are 
substrates of CYP3A4, and when used with potent CYP3A4 

inhibitors, their metabolism is inhibited, and consequently, 
their systemic exposure increases [84].

2.5  The Choice of Inhaled Delivery Device

The subject’s age is critical for the rational choice of inhaler 
devices [85]. Numerous older adults have trouble using 
inhalers because of physical and cognitive changes, the 
prevalence of arthritis or joint discomfort, as well as neu-
romuscular diseases such as Parkinson’s disease or issues 
following a stroke [86]. Furthermore, older age, female sex, 
and short stature have been associated with reductions in 
peak inspiratory flow (PIF) regardless of COPD [87]. Weak 
respiratory muscles and/or the existence of intrinsic posi-
tive end-expiratory pressure, which prevents patients from 
achieving an appropriate PIF, are proposed as mechanisms 
to account for this limitation [87]. Therefore, the capacity of 
older adults to generate sufficient PIF across a dry powder 
inhaler (DPI) is impaired [86]. A significant negative cor-
relation between age and PIF is independent of the degree of 
the disease. In any case, approximately one-third of patients 
with COPD, generally older and more likely female, have a 
low PIF at hospital discharge following a COPD exacerba-
tion [88]. Furthermore, there is a real possibility that even 
a patient with mild COPD may fail to generate an adequate 
PIF when he/she exacerbates and is treated at home [89]. 
This is further complicated by the fact that some patients 
can generate sufficient PIF, but this is accompanied by such 
exertion and dyspnea that they cannot hold their breath for 
5–10 s, which compromises adequate lung deposition.

There are also many elderly people who, because of lim-
ited dexterity or grip strength, may have difficulty activating 
a pressurized metered-dose inhaler (pMDI) device. Actually, 
up to 43% of DPI users and 75% of pMDI users among older 
patients used the wrong inhaler technique [90]. For this rea-
son, spacers are often prescribed for elderly patients with 
dexterity and coordination problems [91].

In any case, older patients believe that the breath-actuated 
metered-dose inhaler is easier to use than the pMDI or DPI. 
Alternatively, they could consider nebulized medication, 
mainly if they are male individuals aged over 65 years [86]. 
Nebulizer distribution of the whole dosage across several 
breaths may be more efficient in elderly patients than DPI or 
pMDI delivery of the dose during a single breath, especially 
in those with severe COPD and debilitating dyspnea [92]. 
Furthermore, nebulizer treatment is not limited by the need 
to produce sufficient PIF, which prevents DPI from being 
used effectively in older patients with severe COPD [92]. 
No particular inhaling technique or hand strength is needed. 
As many nebulizers have facemasks, older adults and those 
who experience consciousness changes common in COPD 
can utilize them [93].
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Therefore, when selecting a device for an older patient, 
it is vital to consider a variety of factors, including the drug 
formulation, the clinical setting, their ability to generate 
enough inspirational flow, their ability to handle the device 
appropriately, and, most importantly, how well the inhaler’s 
actuation is coordinated with their inspiratory effort [93]. 
Furthermore, consistent repeated instruction considerably 
and gradually reduces mistakes with all devices. Therefore, 
patients who are aged older than 70 years should get ongo-
ing repeated instruction to minimize breathing errors such 
as inhalation speed and gargling mistakes [94].

2.6  Adherence to Therapy

Patients with COPD are poorly adherent to prescribed 
therapy because of the chronicity of the disease, multiple 
medications, and the time it takes to achieve symptom 
relief [95]. Poor adherence is prevalent in male individu-
als and in those aged older than 70 years [96]. It is also 
influenced by the number of comorbidities and using two 
or more inhalers [96]. Cognitive impairment, depression, 
cultural barriers (foreign caregiver, low education), the 
timing of therapy, and fear of adverse drug reactions are 
other risk factors for nonadherence in older patients [97].

Patients often do not realize that skipping doses wors-
ens the disease [98]. They are also unsure about inhala-
tion techniques, mainly when more than one inhaler has 
been prescribed. Another important aspect of nonadher-
ence to therapy is forgetfulness [98]. This seems especially 
true for second doses in the middle of the day. Therapy 
costs are crucial for primary nonadherence, underdosing, 
increased dosages, and other problematic patterns. There 
are patients who, when doctors order them to discontinue 
one inhaler and prescribe another, continue to use both 
because they do not want to “waste” expensive drugs [98]. 
Others take smaller doses of medication than prescribed 
to reduce the cost of therapy.

Although further research is needed on the most effec-
tive approaches to optimize medication adherence in 
elderly patients with COPD, practical opportunities exist 
to intervene to support adherence to prescribed therapy. It 
is necessary to develop interventions that address adher-
ence barriers specific to older patients (such as cogni-
tion, polypharmacy, and immobility), identify strategies 
for continuous inhaler technique support outside of the 
professional healthcare setting, and assess the impact 
of prescribing multiple types of inhalers on medication 
adherence, and that of elective inhaler use in older adults 
with COPD [99]. Smart inhalers connected to smartphones 
or tablets can offer accurate real-world data regarding a 
patient’s patterns of adherence and inhaler technique dur-
ing routine use [93].

The involvement of a caregiver or family members 
can help to provide support to help ensure the delivery of 
effective care in older adults [100, 101]. Patients with a 
caregiver or someone to assist them in remembering, pre-
paring, and purchasing medicine had positive adherence 
behavior in a study on the patient-related determinants of 
adherence to inhaled COPD treatments [102]. Adherence 
measures such as compensation and technology-mediated 
solutions have been shown to assist older adults in remem-
bering to take their prescriptions [103]. To maintain or 
improve their medication adherence, older adults employ 
a variety of compensatory strategies, including daily rou-
tines, memories, associations, simplification, location, tak-
ing medication, if necessary, external help tools, visibility, 
printed medication lists, specific times, visual of compart-
ments, mental awareness, repeating the instructions, edu-
cation, and physical pain. Technology-based approaches 
that help the elderly manage their prescription adherence, 
such as electronic pillboxes, text message reminders, tab-
let/smartphone applications, and electronic reminders, are 
also beneficial.

3  Prospects for COPD Treatment in Older 
Adults

Alternative therapeutic approaches are required to assess the 
underlying processes that cause COPD and its progression, 
especially in older adults, as current COPD medications 
mainly focus on COPD-related symptoms.

3.1  Novel Anti‑inflammatory Drugs

There are numerous attempts to develop medications that 
block the activation and recruitment of inflammatory cells 
in the lungs of patients with COPD, such as macrophages, 
neutrophils, and T lymphocytes, or that specifically target 
the inflammatory mediators that play a role in these pro-
cesses or are released by these cells [104]. Developing new 
anti-inflammatory drugs is also crucial for controlling sys-
temic inflammation, which could allow a better therapeutic 
impact on the progression of COPD comorbidities. Several 
new potential targets have recently been identified, and 
novel agents have been developed for these targets [104, 
105]. Table 3 reports information on new classes of anti-
inflammatory drugs that have already been tested in humans 
and are possible treatments for patients with COPD because 
their development has likely not been discontinued. In any 
case, there is no specific information about effects on elderly 
populations.

It is worth noting, however, that the risk of infection, 
prevalent in patients with COPD, makes the clinical 
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development of new drugs that directly block the bio-
logical components of inflammation extremely difficult 
and slow. This risk is greater in older adults, in which 
advancing age is associated with a decline in the integrity 
of physical barriers and protection against pathogens, and 
age-related changes in the immune system are associated 
with increased susceptibility to infection [106]. Grow-
ing evidence is suggesting that dysfunction of the cystic 
fibrosis transmembrane conductance regulator (CFTR), 
an ion transporter that regulates the hydration and vis-
cosity of mucous secretions in the airway, is related to 
the impaired bacterial phagocytosis and favors recurrent 
bacterial infections and airway inflammation [107]. Fur-
thermore, an experimental study in mice has documented 
that reduced expression of CFTR contributes to airspace 

enlargement because of aging and in response to cigarette 
smoke [108]. Therefore, CFTR potentiation may lead to 
an overall improvement in lung health in patients with 
COPD. Ivacaftor, a potentiator of CFTR chloride chan-
nel function, augmented measures of CFTR function and 
clinical symptoms in patients with COPD and chronic 
bronchitis [109]. Icenticaftor, another CFTR potentia-
tor, significantly increased  FEV1 and reduced systemic 
inflammation, with a trend towards reduced sputum 
bacterial colonization in patients with moderate-to-
severe COPD [110]. Furthermore, experimental research 
has shown that following acute treatment, roflumilast 
potentiated CFTR channels in cell culture, human tra-
cheal sections, and animals, as well as restored smoke-
induced CFTR dysfunction following acute and chronic 

Table 3  Emerging classes of anti-inflammatory drugs for patients with COPD (from Matera et al. [104] and Matera et al. [105], modified)

AAT  α1-antitrypsin, AATD AAT deficiency, COPD chronic obstructive pulmonary disorder, CXCR CXC chemokine receptor, DPP1 dipeptidyl 
peptidase 1, IL interleukin, IL-4R IL-4 receptor, IL-5Rα IL-5 receptor α, IL-13R IL-13 receptor, mAb monoclonal antibody, MAPK mitogen-acti-
vated protein kinases, NE neutrophil elastase, PDE phosphodiesterase, PI3K phosphoinositide 3-kinase, ST2 tumor suppressor protein 2, TSLP 
thymic stromal lymphopoietin

Drug class Target Molecules Affected 
inflammatory 
cells

Inhibition of recruitment and activation of the cellular components of inflammation
 PDE inhibitors PDE4 Tanimilast Macrophages

Neutrophils
Eosinophils

PDE3/4 Ensifentrine

 Chemokine receptor inhibitors CXCR1/2 Ladarixin Neutrophils
 p38 MAPK inhibitors p38α CHF6297

Acumapimod
Neutrophils

p38α/γ RV568
 PI3K inhibitors PI3Kγδ RV1729 Neutrophils

Undisclosed CHF6523
 Anti-IL-17A mAbs IL-17A CNTO 6785 Neutrophils
 Anti-IL-5 mAbs IL-5 Mepolizumab Eosinophils

IL-5Rα Benralizumab
 Anti-IL13/anti-IL4 mAbs IL-4R and IL-13R Lebrikizumab Eosinophils

IL-4R Dupilumab
 Anti-TSLP TSLP Tezepelumab Eosinophils
 Anti-IL-33 mAbs IL-33 Itepekimab

Tozorakimab
Eosinophils

ST2 Astegolimab
Antagonists of products of the cellular components of inflammation
 NE inhibitors NE Alvelestat

CHF6333
BAY 85-8501
Lonodelestat

Neutrophils

 DPP1 inhibitors DPP1 Brensocatib Neutrophils
 AAT AATD AAT-MP

INBRX-101
Inhaled AAT 
Subcutaneous AAT 
VX-864

Neutrophils
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administration [111, 112]. There is yet no information 
on a specific response to CFTR potentiators in elderly 
patients. However, the experimental documentation that 
CFTR-deficient mice develop emphysema-like alveolar 
remodeling with aging makes it interesting to test the role 
of these molecules in older patients with COPD.

In any case, although the outcomes of the novel medi-
cines have been disappointing so far, significant evidence 
is starting to emerge that recommends using these mol-
ecules in particular subgroups of patients with COPD not 
necessarily related to old age [104, 105]. A strategy based 
on the use of an oral fixed-dose combination or polypill, 
which includes essential medications for COPD and its 
comorbidities, i.e., also anti-inflammatory molecules, 
has the potential to target both diseases by simplifying 
healthcare delivery, increasing cost effectiveness, increas-
ing medication adherence, and supporting comprehen-
sive prescribing of evidence-based therapies [113]. This 
is because COPD and its comorbidities must always be 
considered in an integrated manner. However, at present, 
there seems to be no interest in developing the polyp-
ill approach to COPD, despite its apparent usefulness in 
older adults.

3.2  Senostatics and Senolytics

Attempts are also being made to find opportunities to slow 
down the aging process. According to experimental stud-
ies, senescent cell removal might prolong life and prevent 
or postpone age-related functional decline [114]. Moreo-
ver, senescent cell eradication offers a possible therapeu-
tic alternative for managing several chronic disorders, 
including COPD [115]. Reactive oxygen species inhibit 
phosphatase tensin homolog, resulting in activation of 
phosphoinositide-3-kinase and then mechanistic target of 
rapamycin, which is inhibited by adenosine monophos-
phate-activated kinase [116, 117]. Cellular senescence and 
mitochondrial malfunction come from mechanistic target 
of rapamycin activation, which activates ribosomal p70 
S6 kinase and microRNA-34a and microRNA-570, which 
block sirtuin-1. This causes the production of mitochon-
drial reactive oxygen species. The senescence-associated 
secretory phenotype, which is produced by senescent cells, 
releases inflammatory proteins (SASP).

Many medications that may address cellular senescence 
are being developed considering this pathway [115–117]. 
N-acetylcysteine is an effective antioxidant candidate to 
reduce reactive oxygen species-induced senescence [118]. 
A recent randomized controlled trial has shown that sup-
plementing glycine and n-acetylcysteine in older adults 
improves several aging-related symptoms, including 

glutathione deficiency, oxidative stress, mitochondrial 
impairment, mitophagy, inflammation, insulin resistance, 
endothelial dysfunction, physical function and strength, 
exercise capacity, waist circumference, systolic blood 
pressure, and multiple genomic alterations associated 
with aging and reduces stem-cell exhaustion and cellular 
senescence [119].

It is becoming possible to target cellular senescence 
by blocking the processes that cause it (senostatics) or by 
eliminating senescent cells (senolytics) [116, 117] (Table 4). 
Among potential senostatic molecules, there are mechanistic 
target of rapamycin inhibitors (rapamycin and everolimus), 
adenosine monophosphate-activated kinase activators (met-
formin) antagomirs of specific micro-RNAs, and sirtuin-
activating compounds (resveratrol). Among potential seno-
lytics, dasatinib, quercetin, and navitoclax, tyrosine kinase 
inhibitors with markedly high affinity for BCR/ABL kinase, 
appear promising molecules in models of aging. However, 
no appropriate clinical studies have been reported to date, 
a part of a first-in-human, open-label pilot study in patients 
with idiopathic pulmonary fibrosis in whom the impact of 
orally administered dasatinib and quercetin on circulat-
ing SASP factors were inconclusive, but correlations were 
observed between changes in function and changes in SASP-
related matrix-remodeling proteins, microRNAs, and pro-
inflammatory cytokines [120]. Interestingly, the administra-
tion of this combination was acceptable and feasible in the 
older participants in the study.

4  Conclusions

Chronic obstructive pulmonary disease is one of the most 
common chronic diseases in the world, which often has a 
progressive course that worsens with age. Pharmacothera-
peutic decisions must be combined with careful assessment 
of age-related pharmacokinetic and pharmacodynamic 
changes, and polypharmacy to maximize treatment benefits 
and minimize adverse events and drug–drug or drug–disease 
interactions. It is also essential to pay attention to a proper 
inhalation technique, which is often inadequate in older 
adults. Monitoring the myriad of comorbidities that may 
complicate management is crucial as well. The involvement 
of caregivers or family members can help provide additional 
support to promote good care and adherence to treatment. 
Apart from the proper use of the currently approved treat-
ments for COPD and its comorbidities, there is interest in 
developing therapies that can reduce oxidative stress during 
aging and slow down the aging process by acting on cellular 
senescence, blocking the processes that cause it (senostatics) 
or eliminating senescent cells (senolytics).
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