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Abstract
This review aims to describe emphysema and age-related factors that might influence on its development. In addition, available treatments for this lung disease will 
be presented. The older adult population has been increasing as well as life expectancy. This demographic change is accompanied by an epidemiological transition, 
represented by a high incidence of chronic diseases, such as pulmonary emphysema. Emphysema is a devastating illness characterized by the destruction of alveoli 
walls. Symptoms may vary depending on the severity of the disease, but most patients report having dyspnea and difficulty in exhaling air, due to reduced compliance 
of the lungs and airway obstruction. The fundamental cause of emphysema is still unknown. It is understood that there is a relationship between cell inflammatory 
responses to toxic substances, such as tobacco as well as an imbalance between proteases and antiproteases. However, it has been suggested that age can play a key role 
in the development of this disease, especially because of cell senescence. Even though treatments are available to reduce emphysema symptoms, and specific therapies 
aiming to regenerate lungs are being tested, more research about this disease is crucial to find its fundamental cause and clarify the role of age on its development. 
Avoiding environment factors such as tobacco smoking and exposure to pollutants can help to prevent this disease. The aim of this paper is to discuss emphysema, 
available treatments as well as research conducted about promising interventions for the future. Additionally, the paper aims to discuss how age can contribute to its 
development.
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Introduction
The study of aging has increased due to the worldwide phenomenon 

of population aging as well as to the increase in life expectancy.  These 
facts impact health care in all aspects and because of this, require special 
knowledge [1]. Balcombe and Sinclair [2] suggest that the increased life 
expectancy can be seen, for some people, as a successful achievement; 
however, others can argue that it is not, since many older adults might 
face these extra years with a chronic condition.

Age is a risk factor to the development of different chronic diseases, 
given the age-related changes in tissues and systems. However, it is 
known from current studies with animals, especially wild ones, that 
environment play an important role in aging and life expectancy [2].

Aging and, more precisely, senescence causes degenerative 
changes in cells, tissues and systems leading to dysfunction and death. 
Antioxidant capacity is affected by age-related changes in hydrophilic 
radical scavengers (ascorbate, urate and glutathione), lipophilic 
radical scavengers (tocopherols, carotenoids), metal chelators and 
antioxidant enzymes, such as superoxide dismutase, catalase and 
glutathione peroxidase. Cell antioxidant capacity and oxidative stress 
are critical factors in the aging process. Reactive oxygen species (ROS) 
and other free radicals may damage cell membranes, particularly 
because of the oxidation of lipids, proteins and DNA, which may lead 
to cell dysfunctions and aging, carcinogenesis, neurodegenerative and 
cardiovascular diseases. DNA damage and DNA repair seem to be 
closely associated with aging [3].

Some diseases, such as emphysema, are more common in older 
adults but not exclusive for them². Emphysema is characterized by a 
destructive process of the lung parenchyma resulting in permanent 
enlargement of air spaces distal to the terminal bronchioles. It is 
caused by cigarette smoking and associated with inhalation of smoke 

and dust [4]. This condition is also one of the main types of Chronic 
Obstructive Pulmonary Disease (COPD) as classified by the Global 
Initiative of Chronic Obstructive Lung Disease [5] (GOLD). COPD 
is considered a severe health problem since it is one of the most 
important causes of morbidity and mortality in the United States 
and in developed countries. In the United States, COPD affects 6,5% 
of the adult population; it is the third leading cause of death and the 
12th leading cause of morbidity. Additionally, by 2030 it is expected 
to be the 7th cause of death worldwide, representing over 4.5 million 
deaths annually due to COPD and related conditions [5-7]. The total 
economic costs of COPD in the United States were estimated at $32.1 
billion dollars annually with a rise in medical costs expected to reach 
$49 billion by 2020 [8]. The most frequently described comorbidities 
include skeletal muscle waste, cachexia, pulmonary hypertension, lung 
cancer, congestive heart failure, ischemic heart disease, hyperlipidemia, 
normocytic anemia, diabetes, metabolic syndrome, osteoporosis, 
obstructive sleep apnea, depression, and arthritis [9,10].

COPD generally manifests at older ages, but there is evidence that 
events early in life, including exposure to noxious stimuli in the uterus 
may have long-term effects on lung health contributing to impaired 
lung function when older [11]. This disease among older adults is 
associated with a poor prognosis, usual hospitalization and increased 
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should not be used to screen airflow obstruction in individuals 
without respiratory symptoms [19]. This update indicates that the best 
variable for identifying adults with airflow obstruction is a smoking 
history greater than 40 pack-year. A combination of findings is more 
helpful for diagnosing airflow obstruction than is any individual sign, 
symptom, or piece of historical information. The combination of all 
3 of the following items—patient-reported smoking history greater 
than 55 pack-year, wheezing on auscultation; and patient self-reported 
wheezing—almost confirms the presence of airflow obstruction. 
In addition, the absence of all 3 items practically rules out airflow 
obstruction [19].

Different causes, and its interactions, are considered in the 
development of emphysema. Among them, better understood are 
inflammatory reactions of cells, mainly related to toxic exposure, such 
as tobacco. Others, for example apoptosis, are still under investigation 
[23]. Karrasch et al. [24] suggest that cells senescence can play an 
important role in the development of emphysema as well. Rodrigues 
et al. [25] have found in a model of emphysema induced by porcine 
pancreatic elastase instillation and exposure to cigarette smoke a 
significant degree of parenchymal destruction in a short period. 
Their findings strengthen the role of protease-antiprotease/oxidant-
antioxidant imbalance in the pathogenesis of emphysema and that 
a murine model could be useful to evaluate the structural changes 
that occur during the processes of destruction and remodeling of the 
pulmonary parenchyma in emphysema.

Age-related mechanisms as probable causes for emphysema

There is wide evidence of shared features between pulmonary 
emphysema and aging lung26. With aging the respiratory system 
undergoes many changes in its structure and function resulting from 
interaction between individuals and environmental stresses. However, 
how the aging process contributes to the development of emphysema 
must be better understood [12,17].  The most important age-related 
change associated with emphysema might be the reduction in alveolar 
structures [24].

The cellular equivalent of aging is senescence, which is characterized 
by a nonproliferative state in which cells are metabolically active and 
apoptosis-resistant. Several molecular and cellular mechanisms are 
associated with cellular senescence including accumulation of DNA 
damage, impairment of DNA repair epigenetic modifications in nuclear 
DNA, protein damage from oxidative stress, and telomere attrition 
[3,26]. COPD following smoking is a disease-related senescence it 
causes DNA damage from compounds present in cigarettes that leads 
to telomere shortening, due to a greater need for repair on airway 
epithelium, after being injured by toxic substances. DNA damage and 
telomere shortening happen during healthy aging, but in smoking, 
the intensity of the stress is faster. Most of impairments in this disease 
occurs in the lung, thus smoking-induced senescent cells are probably 
located there [27].

Telomere shortening, related to cell senescence, might help in the 
development of emphysema in older adults [12].  According to Karrasch 
et al. [24] telomere shortening may reduce tissue repair properties, 
limiting the maintenance of organs and systems. In addition, reduced 
length of telomere is related to dysfunctions in the immune system, 
which can lead to impairments in one organ. Telomere lengths are not 
entirely genetically inherited, accelerated telomeric loss can happen 
because of different environmental factors such as genotoxicity, air 
pollution and tobacco exposure [28]. Research has shown that telomeres 
are shorter in individuals with emphysema compared to non-smokers 

mortality rate. However, age-related mechanisms causing emphysema 
are not clear [12].  

The present review aims to describe emphysema and age-related 
factors that might influence on its development. In addition, available 
treatments for this lung disease will be presented.

Pulmonary emphysema
Emphysema is a devastating disease, in which the alveoli walls are 

destroyed and enlarged, reducing the surface area for gas exchange and 
limiting lungs’ elastic recoil [13-15].  An emphysematous lung presents 
airways inflammation, increased production of mucus and mild to 
severe pulmonary hypertension, causing air obstruction [14,16,17].  
Patients’ main complaints are usually breathlessness and difficulty 
in exhaling air, possibly caused by reduced elasticity and compliance 
of the lungs13.  However, symptoms may vary depending on how 
advanced is the disease: individuals with mild emphysema commonly 
do not present symptoms at quiet breathing. In case of advanced 
disease, patients present barrel-shaped chest, weight loss, productive 
and chronic cough with or without sputum production, increased 
shortness of breath and constant use of breathing accessory muscles, 
poor exercise tolerance, and wheezing to respiratory failure or cor 
pulmonale [14,18,19].

The clearest signs of emphysema are seen in chest radiography 
which shows signs of hyperlucent lungs, reduced diffusion capacity 
and hyperinflation of the lungs [13,18].  However, Lee et al. [18] claim 
that x-ray chest is not very helpful to identify mild emphysema and 
because of this it is more common for emphysema to be diagnosed in 
an advanced stage. Computed tomography (CT) of the thorax can be 
also a diagnosis tool to detect the disease at an early stage. Incidental 
CT findings of emphysema and airway thickening, seen on routine 
diagnostic CT scans, performed for nonpulmonary clinical symptoms, 
may help find probable patients with COPD [20]. Guest [13] also 
describes the difficulty in identifying emphysema, since it is usually 
correlated with other diseases. For example, asthma and chronic 
bronchitis also lead to airway obstruction. This confusion of diseases 
and symptoms may delay emphysema diagnoses and compromise 
treatment [13]. 

An effective way to diagnose this disease might be performing a 
lung function test.  The most efficient measure is the forced expiratory 
volume in one second (FEV1) [18].  This test can diagnose as well as 
demonstrate how severe the disease is and suggest patients’ prognosis; 
it is expected from patients with COPD a progressive decline in 
FEV1.  However, Guest [13] claim that the test cannot provide a clear 
emphysema diagnosis because the same results are expected for other 
airway obstruction diseases. Consequently, emphysema might be 
clinically underdiagnosed, especially in older adults, who have usually 
association of chronic conditions, overlapping symptoms and difficulty 
in understanding respiratory function evaluation test [21]. Löndahl et 
al. [22] suggest a new tool to assess abnormalities in the peripheral 
regions of the lungs, the method consists on airspace dimension 
assessment by nanoparticles, the authors considered this method less 
time consuming, cheaper, simpler to use, and easier to interpret than 
imaging exams.

The first recommendation of the American College of Physicians 
(ACP), American College of Chest Physicians (ACCP), American 
Thoracic Society (ATS) and European Respiratory Society (ERS) 
guidelines, is to conduct spirometry to diagnose airflow obstruction in 
patients with respiratory symptoms, particularly dyspnea. Spirometry 
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with the same age12.  Albrecht et al. [29] in a meta-analysis of seven 
studies with 12,595 individuals, found significant associations among 
telomere length from peripheral leukocytes and spirometric indices 
measured by FEV1, FVC and Tiffeneau-pinelli index.

It is important to consider that the lungs are constantly exposed 
to pollutants and sometimes to inflammatory processes and oxidants, 
which might alter lung properties requiring constant repair. Reactive 
oxygen species (ROS) and other free radicals may damage cell 
membranes, particularly because of the oxidation of lipids, proteins and 
DNA. DNA damage and DNA repair seem to be closely associated with 
aging. Moreover, unlike proteins and lipids, new molecules of DNA 
cannot be synthesized to replace damaged DNA [30]. As a long-term 
result, with aging, this continuous remodeling can no longer be done, 
favoring the occurrence of diseases such as emphysema30. Apart from 
telomere shortening, the reduced ability of the alveolar tissue to repair 
can be attributed to lipofuscin, which was found in emphysematous 
lungs [12].

Also, the production of oxygen-derived free radicals is increased, 
inducing aging of the lungs and activation of multiple genes responsible 
to encode pro-inflammatory molecules [17]. Research conducted by 
MacNee [31] suggested that free radicals play a significant role in the 
development of emphysema, and COPD patients’ have a decreased 
antioxidant capacity [17].

Telomere dysfunction is influenced by age, but also by external 
factors, such as psychological stress and oxidative stress, the last caused 
by smoking [24]. Cigarette smoking and aging are related to oxidative 
stress, which increases cell apoptosis. This phenomenon was found to 
be associated with increased levels of destruction of alveoli walls in 
individuals with emphysema [17,23].

Smoking is also related to chronic inflammation of the airways, 
which is crucial to the development of emphysema.  Most of the 
diseases affecting older adults are related to some kind of inflammation 
and persistent increase in the proinflammatory cytokines IL-6 and IL-
8, shown to be induced by cigarette smoke and present in increased 
levels in lungs of individuals with COPD, are also triggered by aging 
[26]. Senescence/aging can lead to decrease in stem/progenitor cells 
and the reduced activity of the immune system in older adults helps 
to the development of inflammation processes [17,26]. In the case 
of emphysema, there is a higher circulation of inflammatory cells or 
specific concentration of pro-inflammatory cytokines. 

Another possible cause for emphysema is an imbalance between 
proteases and antiproteases. This situation can promote cell 
dysfunctions regarding their maintenance ability. In addition, proteases 
can destroy lung intercellular matrix, leading to apoptosis [30].  
Research conducted by Tsuji et al. [12] found that when alveolar cells 
show signs of senescence, apoptosis can no longer be compensated for 
proliferation of new cells, leading to destruction of the alveolar tissue. 
Lung tissue destruction occurs due to the mutual interaction among 
alveolar cell apoptosis, oxidative stress, and protease/antiprotease 
imbalance. Inflammation can be triggered and amplified by alveolar 
injury, including either enhanced alveolar cell apoptosis or defective 
apoptotic cell clearance [26,32,33].

Recent data from animal models of COPD as well as from studies 
in human beings suggest that another mechanism might be involved in 
the pathogenesis of COPD: disruption of the balance between apoptosis 
and replenishment of structural cells in the lung might contribute to 
the destruction of lung tissue in response to cigarette smoke, leading to 

emphysema. More studies are needed to identify the most important 
apoptotic pathway and the caspases involved in the development of 
COPD. Moreover, research is needed to clarify if apoptosis can be used 
as a therapeutic target to prevent further deterioration of the disease, 
which occurs even after the patients have quit smoking. Finally, as 
disturbance of the balance between apoptosis and regeneration of 
structural lung cells seems important in the destruction of healthy lung 
tissue, it would be interesting to evaluate the potential use of stem cell 
therapy for emphysema [34,35].

Genetically modified mice have helped to identify factors 
underlying emphysema [24].  Sato et al. [15] conducted a research on 
the development of emphysema in klotho mouse, a genetically modified 
rodent with accelerated aging [30], and found that klotho mouse has 
similar development of emphysema that human beings:  when aging, 
after 7 weeks of life, they present destruction and enlargement of 
alveoli walls. Hence, age might have great influence in the development 
of emphysema [30].

Onodera et al. [36] investigated the role of growth differentiation 
factor 11 (GDF11), in vitro and in vivo models, in cellular senescence. 
This protein is an anti-ageing factor that is reduced at the plasma 
and lungs of COPD patients and is significantly correlated with 
disease severity. GDF11 showed anti-senescent effects in lung cells 
on both models. These findings suggest that GDF11 may have a part 
in the senescence observed in these patients, and that may be a future 
perspective in elucidating the mechanisms of cellular senescence in 
COPD.

Causes of emphysema and how age contributes to its development 
still need to be clarified.  The use of rodents to investigate the 
morphology of pulmonary emphysema might be a possible model of 
research [15], which might help in the development of more effective 
treatments.

Interventions for emphysema: effectiveness and safety

As a consequence of the lack of knowledge in the fundamental 
cause of pulmonary emphysema, treatments are available to reduce 
symptoms, but none of them can stop the disease progression and 
decrease mortality rates yet. Research has been carried out and there 
are some innovations in medicine that might be efficient against 
this devastating disease [17]. Treatments for emphysema, especially 
when it is smoke related, comprehend the use of bronchodilators, 
supplemental oxygen for hypoxemia, non-invasive ventilation, exercise 
for pulmonary rehabilitation, prevention for secondary diseases and, 
when indicated, lung transplantation especially in patients younger 
than 60 years old [18,37,38]. For stable COPD patients with respiratory 
symptoms and FEV1_60% predicted, the ACP, ACCP, ATS, and ERS 
recommend treatment with inhaled bronchodilators and the clinicians 
should base the choice of specific monotherapy on patient preference, 
cost, and adverse effect profile. Also, the recommendation that 
clinicians may administer combined inhaled therapies (long-acting 
inhaled anticholinergics, long-acting inhaled-agonists or inhaled 
corticosteroids) for symptomatic patients with stable COPD and 
FEV1_60% of predicted [19]. Pharmacological treatments may reduce 
symptoms, risk and severity of exacerbations, improve overall health 
status and exercise capacity [5].

Long-term administration of oxygen increase survival in patients 
with severe resting hypoxemia, but it does not lengthen time to 
death or first hospitalization or provide sustained benefit for any 
of the measured outcomes in patients with stable COPD [39]. The 
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recommendation of the ACP, ACCP, ATS, and ERS for clinicians, 
is that they should prescribe continuous oxygen therapy in patients 
with COPD who have severe resting hypoxemia (PaO2 _55 mm Hg or 
SpO2 _88%) [19]. The mechanism in which oxygen works is based on 
reducing dyspnea and the respiratory rate while exercise, promoting a 
more efficient exhalation [16].

Pulmonary rehabilitation is a useful intervention to control 
symptoms and improve functional capacity in individuals with 
emphysema. Ries et al. [40] mentioned a research conducted by the 
National Emphysema Treatment Trial (NETT) which suggested 
that individuals with emphysema have significant improvements in 
exercise capacity, breathlessness, and health-related quality of life after 
pulmonary rehabilitation. Pulmonary rehabilitation is also important 
in preparing patients for other treatments, such as surgery, because of 
the improvements in individual’s physical and emotional status [40]. 
The ACP, ACCP, ATS, and ERS recommend that clinicians should 
prescribe pulmonary rehabilitation for symptomatic patients with an 
FEV1 _50% of predicted [19]. 

Lung Volume Reduction (LVR) is a surgery in which lung volume 
is reduced by various wedge resections. This intervention improves 
ventilation-perfusion mismatch and cardiopulmonary hemodynamics, 
improving ventilatory mechanics by decreasing hyperinflation, elastic 
recoil and airway tethering, increasing respiratory muscle efficiency 
and survival rates, consequently promoting quality of life and 
improved exercise capacity.  Based on NETT’s data, LVR is indicated 
for patients with severe symptoms, FEV1 of less than 45% of predicted, 
diffusing capacity of the lung for carbon monoxide of more than 20% 
of predicted [41,42]. Stolk et al. [43] tested bone marrow mesenchymal 
stem cells (BM-MSCs) administration safety and feasibility after LVR. 
The study showed positive results in which BM-MSC infusions might 
stimulate microvascular endothelial cells in the most affected parts of 
the lung, the treatment also resulted in increased FEV1, body weight 
gain, higher levels of interleukin-10 and tumor necrosis factor-𝛼 
stimulated gene/protein 6. 

Although treatments with BM-MSCs are showing optimistic 
results in different lung disorders, including emphysema, showing a 
decrease in tissue destruction in elastase-induced emphysema, through 
secretion of paracrine factors such as epidermal growth factor [44], the 
use of MSCs are not fully understood. This new treatment modality for 
COPD patients is currently tested on clinical trials, varying in distinct 
stages of COPD, route of injection, type and dosage of cells, and 
outcomes [45]. MSCs show profound suppressive effects on immune 
cells and pathways, recent studies have indicated that MSCs suppress 
lung injury and inflammation in mouse models of inflammatory and 
immune mediated lung diseases [46]. 

Stermann et al. [37] conducted a research implanting a bronchial 
valve in patients with severe emphysema. Their aim was to reduce 
atelectasis and lung volume.  This method can be a promising treatment 
for the future, because it showed to be safe and promoted a better 
quality of life for patients.  Bronchoscopic LVR with endobronchial 
valves (EV) treatment have been shown to improve pulmonary 
function, physical activity levels, exercise capacity and quality of life 
in patients with severe emphysema characterized by an absence of 
collateral ventilation [47,48]. In a meta-analysis conducted by Wang et 
al., [7] bronchoscopic lung volume reduction therapy in patients with 
severe emphysema improved pulmonary function, exercise capacity, 
and quality of life compared with conventional therapy.

In case of emphysema being a consequence of oxidative stress 
and aging, antioxidants may be effective as an anti-COPD drug.  

Antioxidants available are not strong enough, but more potent drugs 
have been developed to be a possible intervention to decrease rapid 
aging of the lung [17].

Treatments are available to restore balance between protease and 
antiprotease.  Even though there is no randomized research done 
confirming its effectiveness, observational studies suggest that the 
therapy is effective slowing down the decrease in lung function for 
individuals with moderate emphysema.  Additionally, individuals who 
tried the treatment had higher survival rates [18].

Golpon and Volkel [16] describe a novel approach to treat 
emphysema: the use of vascular growth factors.  The experiments 
conducted with mice suggest that exogenous growth factors promote 
cell proliferation in the alveolar wall increasing lung regeneration 
and angiogenese. In humans, fibroblast growth factor through Fgf10 
expression marks a subset of lipofibroblasts, an important cell type in 
the stage of lung development that provide type 2 alveolar epithelial 
cells with triglycerides which are needed for production of surfactant. 
This leads to recapitulation of alveologenesis, that could be used in 
treatment of alveolar destruction, a hallmark in emphysema. However, 
caution is needed when considering this treatment: it is still unknown 
if the results will be the same in human beings [16,49].

On their review, Oh et al. [50] show positive perspectives on lung 
regeneration therapy, but they point out that the use of this therapy 
remains unclear and must be tested in better-designed clinical trials. 
The authors call attention to stem cells’ tumorigenicity properties and 
the use of retinoids, because they can lead to cancer or vascular diseases.

Treatment options for emphysema are summarized in a review 
conducted by Shah et al., [51]. Patients with severe emphysema and 
hyperinflation must be considered for LVR and lung transplantation. 
Those with paraseptal or heterogeneous emphysema also should be 
considered for LVR. For patients with heterogeneous upper lobe-
predominant disease with intact lobar fissures or absent collateral 
ventilation EV is recommended. All patients, regardless severity of 
the disease, should be introduced to rehabilitation programs. The 
authors emphasize that treatment decisions should be made by a 
multidisciplinary group with the patients.

Conclusion
There is a strong relationship between aging and emphysema.  

Cell senescence caused by aging and environmental factors play a 
significant role in the development of this lung disease; however, the 
morphological mechanism for the occurrence of emphysema is still 
not fully understood. Animal research has been efficient giving a better 
understanding of emphysema. However, an increase in research is 
crucial to find the fundamental cause of this lung disease and clarify the 
role of age on its development. This knowledge and the improvement 
in health technology may help the implementation of more efficient 
treatments for the future. The study of stem cells is a promising 
treatment for emphysema, because it can be an effective method to 
regenerate the lungs and the alveoli tissue, but it still has some barriers 
to overcome.

People can modify environment factors related to emphysema and 
somehow be able to prevent this devastating disease. A current trend 
is the implementation of public awareness of emphysema, prevention 
of tobacco and exposure to other pollutants. Encouraging people to 
prevent this disease is needed since emphysema have a significant 
impact in individuals and society.
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