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Abstract With an aging population worldwide, the incidence
and prevalence of certain pulmonary conditions such as
chronic obstructive pulmonary disease (COPD) and idiopathic
pulmonary fibrosis (IPF) are increasing. Pulmonary function
tests (PFTs) are helpful tools to confirm pulmonary disorders.
However, in the elderly population, age-associated changes in
PFTs increase the risk for over diagnosis of obstructive lung
disease. Therefore, an individualized approach to diagnosis of
pulmonary disorders is essential for optimal management. For
patients with established pulmonary disorders, pulmonary re-
habilitation is a valuable but underutilized therapeutic inter-
vention which has been shown to improve patient’s quality of
life, exercise tolerance, and overall prognosis. Recent evi-
dence confirms that benefits of pulmonary rehabilitation are
similar between the elderly and younger populations.
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Introduction

The elderly population is expanding around the world. The
three leading causes of death in individuals ≥65 years include
cardiovascular disease, cancer, and chronic lower respiratory
tract diseases [1••]. Pulmonary disorders which are strongly
associated with advanced age are chronic obstructive pulmo-
nary disease (COPD) and idiopathic pulmonary fibrosis (IPF).
This reviewwill discuss the role of pulmonary function testing
(PFT) in diagnosis of pulmonary diseases as it relates to the
aging adults and the contribution of pulmonary rehabilitation
(PR) in management of those conditions.

Epidemiology of common pulmonary diseases
in the elderly population

On a global level, the elderly population (age ≥65 years) is
projected to increase 104 % from 2005 to 2030, whereas the
population <65 years of age will augment by only 21 % [2•].
The oldest-old (age ≥85 years) is the fastest growing popula-
tion in many countries [2•].

As the population ages, the incidence and prevalence of
pulmonary diseases which are most likely to occur and man-
ifest later in life are projected to increase. According to the
Centers for Disease Control (CDC) and Prevention in 2011,
6.5 % of US adults were estimated to have self-reported diag-
nosis of COPD. Prevalence of COPD increased almost four-
fold from age 18–44 years to those age ≥65 years [3]. In a
meta-analysis by Halbert et al., the reported pooled prevalence
of COPD in individuals ≥65 years is 14.2 % (11–18 %) com-
pared to 9.9 % (8.2–11.8 %) in those ≥40 years [4]. The re-
ported heterogeneity in the study results is multifactorial, in-
cluding disease definition, population studied as well as the
methodologies used for data interpretation. Furthermore, the
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prevalence of COPD increases twofold for every 10-year in-
crease in age after age 40 [5]. By 2020, the World Health
Organization (WHO) predicts that COPD will become the
third most common cause of morbidity and mortality world-
wide [6]. In the USA, COPD is reported to be the primary and/
or contributing factor for almost 20% of all hospitalizations in
the elderly population [7]. In addition to the disease burden,
COPD carries a significant economic impact. In 2005, the
annual total cost (related to morbidity and premature mortal-
ity) attributable to COPD was estimated at $38.8 billion [8].
Expenses increased significantly when compared to $23.9 bil-
lion spent in 1993 [7]. The annual direct cost attributable to
COPD/patient averages $6300, while other respiratory-related
costs averaged $4400 [9].

Asthma is another obstructive lung disease, which contrary
to popular belief, is not uncommon in the elderly population.
In 2004, the US prevalence of asthma in the elderly was 7 %,
withmore than 1million patients reporting an asthma attack in
the previous 12 months [10]. The elderly asthmatics have the
highest death rate (51.3 per million people) compared to any
other age group [11]. Asthma in the older population can be
divided into the long-standing asthma (disease onset during
childhood) and late-onset asthma (disease onset in the sixth
decade of life or later) [12•]. Due to comorbid illnesses, as
well as age-related changes in pulmonary and immune func-
tion, it is not uncommon for the late-onset asthmatic patients
to be labeled as BCOPD-ers^ which leads to suboptimal
treatment.

Idiopathic pulmonary fibrosis is a type of interstitial lung
disease characterized by chronic, progressive interstitial fibro-
sis of unknown etiology. This extremely debilitating pulmo-
nary condition tends to manifest in the sixth decade of life, and
most patients die within 5 years from the diagnosis [13]. At
any given time, there are up to 50,000 cases of IPF in the USA
and 65 % of the IPF patients are greater than 65 years of age
[14]. Fernandez-Perez and colleagues projected that the annu-
al number of newly diagnosed cases of IPF in the US popu-
lation may reach 21,000 by 2050 [15]. Individual course of
disease varies between patients where some patients will have
a rapid decline due to acute exacerbation of IPF while others
may have a more protracted course of deterioration and
disability.

General diagnostic and therapeutic considerations
for pulmonary diseases in the elderly

Diagnostic dilemmas are frequently encountered in the elder-
ly. The role of the clinician is to adequately assess patients’
risk factors, determine the need for additional evaluation, and
provide an individualized treatment plan. Taking care of the
aging population involves consideration of age-specific fac-
tors (functional and/or cognitive decline, l imited

transportation, delay in seeking care, etc.), coexisting comor-
bidities, and polypharmacy.

Respiratory symptoms of dyspnea, exertional limitation,
wheezing, and cough are common in the aging population.
Dyspnea associated with different activity levels has been re-
ported bymore than 50% of individuals >70 years of age [14].
Symptoms are often multifactorial and could be related to a
chronic respiratory condition (COPD, asthma, IPF), cardiac
condition (congestive heart failure, arrhythmias), side effect
of medications (ACE-I, beta-blockers), deconditioning, men-
tal health disorder, etc. Physical exam and additional diagnos-
tic investigations such as pulmonary function testing (PFTs)
and radiographic imaging (chest x-ray, CTof the chest) are the
basis for identifying an underlying pulmonary etiology.

The overall goals of treatment for patients with chronic
pulmonary disorders include adequate symptom control, pre-
vention of the complications and exacerbations, improvement
in the activity level, and decrease in disease mortality. Those
outcomes are achieved through a combination of pharmaco-
therapy, pulmonary rehabilitation [16••, 17••], and, when ap-
plicable, smoking cessation, oxygen supplementation, nonin-
vasive positive pressure ventilation (NIPPV), surgical thera-
pies such as lung volume reduction surgery, and lung trans-
plantation [16••, 17••, 18, 19••].

Role of PFTs in diagnosis and management
of pulmonary diseases in the elderly

PFT is a generic termwhich includes multiple diagnostic tests.
Various combinations of these tests are useful to confirm pul-
monary disease and its severity, assess response to therapeutic
interventions, and monitor drug-related (e.g., amiodarone,
methotrexate, nitrofurantoin) or occupation-related (e.g., as-
bestos, coal, silica) pulmonary toxicity. In addition, in patients
undergoing surgery, risk assessment for peri-operative pulmo-
nary complications is based on a combination of respiratory
symptoms, exercise tolerance, smoking status, and PFTs [20].

There are no absolute contraindications to PFT evaluation.
Relative contraindications include but are not limited to un-
stable angina, recent myocardial infarction (MI), recent eye or
thoraco-abdominal surgery, hemoptysis, and pneumothorax
[21, 22]. In addition, patients may not be able to conclude
testing if unable to follow directions due to physical or cogni-
tive impairment. Perceived difficulties seem to be reported
more frequently in the elderly. However, age by itself is not
a limiting factor in completing good-quality PFTs. In a retro-
spective review of patients undergoing testing, Haynes et al.
demonstrated that a cohort of older adults (median age=83)
achieved similar spirometry and diffusion for carbon monox-
ide (DLCO) quality scores when compared to younger ones
(median age=46) [23••]. Therefore, approach to diagnostic
evaluation of pulmonary disease in the elderly is no different
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when compared to younger individuals. Figure 1 outlines the
general principles involved in integrating PFTs in clinical
management. As highlighted, spirometry is almost always
the initial PFT requested as it serves as a good screening tool
for both obstructive and restrictive pulmonary conditions.
Simple equipment and technical ease allow widespread use
of spirometry in all settings (inpatient as well as outpatient).
Additional PFTevaluation (e.g., lung volumes, DLCO) is per-
formed based on the clinical context and would need referral
to a PFT laboratory.

There is ongoing controversy regarding the optimal cutoff
for forced expiratory volume in 1 s (FEV1)/forced vital capac-
ity (FVC) ratio to diagnose obstructive lung disease. The
American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines for interpretative strategy for spirome-
try recommend using lower limit of normal (LLN) of FEV1/
FVC ratio to classify obstructive disease. The LLN is charac-
terized by a reduction below the 5th percentiles of the predict-
ed value which is considered to be outside the expected
Bnormal range^ [24]. In the USA, the predicted values are
derived from the National Health and Nutrition Examination
Survey (NHANES) III reference equations which included
individuals aged 8–80 years [25]. The Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines, in-
cluding the most recent update published in December 2015,
recommends use of fixed FEV1/FVC ratio of 0.7 to classify
obstructive disease [17••]. The GOLD criterion creates risk for
overdiagnosis of COPD in the elderly. In a study by Hardie et
al. which included healthy, asymptomatic, never-smoker adults
aged >70 years, 35 % had an FEV1/ FVC <0.7 and would be
classified as having at least stage 1 COPD. Furthermore, in the
subgroup ≥80 years of age, 50 % fulfilled the criteria for
COPD diagnosis and approximately one third would have
stage 2 COPD (FEV1<80 %) based on the GOLD guidelines
[26]. One limitation of this study included use of the pre-
bronchodilator spirometry value whereas the GOLD guide-
lines are based on the post-bronchodilator spirometry [17••].

Based on the existing literature, it is unclear whether these
different approaches of interpretation affect patient outcomes.
In the Cardiovascular Health Study, the severity of COPDwas
classified in a cohort of 4965 participants ≥65 years of age
based on the two methods (fixed FEV1/FVC ratio vs. LLN).
Participants with FEV1/FVC>LLN but <0.7 had higher mor-
tality (hazard ratio 1.3, 95 % CI 1.1–1.5) and COPD-related
hospitalizations (HR 2.6, 95 % CI 2.0–2.3) compared with
asymptomatic individuals with FEV1/FVC >0.7 and >LLN.
Mean follow-up was 11 years. Therefore, FEV1/FVC <0.7
appears to identify at risk patients regardless of age [27].
Currently, there are no guidelines regarding the clinical appli-
cation of incidentally discovered abnormal lung function in
asymptomatic elderly patients. For clinicians treating the el-
derly population, an optimal strategy to integrate PFT findings
into disease management is to request PFT evaluation only in

symptomatic patients. Abnormal results in such patients
would result in a direct impact on their management.

The role of PFTs and additional considerations in the elder-
ly are summarized in Table 1. The age-related changes in
pulmonary function testing are the result of multiple structural
as well as functional alterations which include: (1) delayed
alveolar emptying due to early closure of the airways at small
volumes [31, 32]; (2) mechanical constraints resulting from
stiffer chest wall, weaker respiratory muscles, and loss of stat-
ic elastic recoil [33]; (3) gas exchange limitation due to de-
crease in the alveolar surface area and decreased capillaries
per alveoli; and (4) some degree of decrease in the respiratory
drive as well as central response to hypoxia and hypercapnia.
The current understanding of the mechanism which results in
those structural and functional changes remains very limited.
Certain age-related changes in lung function (airflow limita-
tion and loss of parenchymal tissue) are also markers of ob-
structive lung disease. An accelerated aging process repre-
sents a potential pathological mechanism for development of
COPD. A recent investigation by Rutten et al described that
one marker of aging mechanism (i.e., telemore length) is as-
sociated with lung function and could be an indicator of ac-
celerated lung aging in patients with lung diseases [34•].

The role of pulmonary rehabilitation in the elderly

According to the most recent ATS/ERS official statement pub-
lished in 2013, pulmonary rehabilitation is defined as a
Bcomprehensive intervention based on a thorough patient as-
sessment followed by tailored therapies that include, but are
not limited to, exercise training, education and behavior
change, designed to improve the physical and psychological
condition of people with chronic respiratory disease and pro-
mote long-term adherence to health-enhancing behaviors^
[16••]. The updated definition fully recognizes the systemic
effects of COPD and other chronic pulmonary conditions. A
patient-centric approach to disease management should inte-
grate PR as a core component of treatment.

Exertional limitation and diminished quality of life in pa-
tients with lung disease is multifactorial. Pulmonary disease-
specific factors such as increased dead space, mechanical re-
striction, delayed alveolar emptying, and gas exchange limi-
tations contribute to poor exercise tolerance. Superimposed
systemic and psychosocial issues such as peripheral muscle
dysfunction, cardiac dysfunction, nutritional deficiency, de-
pression, anxiety, social isolation, and suboptimal self-
management strategies cause further impairment and disabil-
ity [16••]. While pharmacotherapy primarily focuses on treat-
ment of underlying lung disease, pulmonary rehabilitation
provides a more holistic approach by also treating systemic
contributors to symptoms [35–38]. The main goal of pulmo-
nary rehabilitation is to restore the patient to the highest
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possible level of independent function. The general principles
applied in a comprehensive pulmonary rehabilitation program
are outlined in Table 2.

Initial research as well as clinical application of pulmonary
rehabilitation primarily focused on patients with COPD due to
high disease prevalence and its impact on the activity of daily
living. In 2010, the US Burden of Disease Collaborators re-
ported COPD to be the second leading cause of disability in
the USA [39••]. According to the WHO global estimates,
COPD will become the seventh leading cause of disability-
adjusted life-years (DALYs) lost worldwide by 2030 [40]. The
benefit of PR has been demonstrated in COPD patients with
all degrees of disease severity and in inpatient as well as out-
patient clinical settings. Benefit has now also been proved for
other obstructive lung diseases (asthma, bronchiectasis, and
cystic fibrosis), interstitial lung disease (idiopathic pulmonary
fibrosis), neuromuscular diseases, pulmonary hypertension,
and lung cancer [16••, 41•, 42, 43••, 44, 45•, 46•].

The overall beneficial effects of PR include reduction in
respiratory symptoms such as dyspnea and fatigue, improve-
ment in muscle strength and endurance, improvement in
health-related quality of life, decreased healthcare utilization
(hospitalizations and unscheduled healthcare visits), emotion-
al function and self-efficacy, and possibly a reduction in

mortality [47–49, 50••]. Anxiety and depression associated
with severe lung disease could also be ameliorated by this
intervention [16••].

A safe exercise program in the elderly population does
require consideration of additional factors such as baseline
physical activity level and coexisting comorbidities. The
American College of Sports Medicine (ACSM) and
American Heart Association (AHA) outlined specific recom-
mendations for physical activity in older adults. The intensity
of aerobic activity should be based on baseline aerobic fitness.
Activities that maintain or increase flexibility are recommend-
ed, and additional balance exercises should be considered for
older adults at risk of falls. The activity plan for achieving
recommended physical activity level should integrate preven-
tive and therapeutic recommendations for comorbidities [51].

Investigators have demonstrated that PR is as beneficial in
the elderly as it is in younger patients in improving exercise
capacity, symptoms, and self-reported quality of life [52, 53].
Baltaz et al. further demonstrated that even in patients
≥80 years, PR improves 6-min walk test distance (6MWT),
the number of stairs completed in 2 min (2MST), Borg dys-
pnea scores after exertion, and objective functional scores
similar to younger patients [54]. Furthermore, patients with
both COPD and cardiac comorbidities are often enrolled in

Pulmonary Symptoms +/-
Abnormal Chest Imaging

Spirometry

Screen for coexistent 
restric�ve disease

Post-BD FEV1

Severity of obstruc�on

FVC≥LLN**
No coexistent restric�ve 

disease

FVC<LLN**
Restric�ve Pa�ern

FVC<LLN**
Restric�ve Pa�ern

FVC≥LLN**
Normal spirometry

Addi�onal tes�ng
op�ons:
Lung volumes (ILD, 
NMD)
DLCO (pulm vasc dis, 
ILD)

Addi�onal tes�ng
op�ons:
Bronchoprovoca�on test 
(asthma)
DLCO (pulm vasc. dis.)
Screen for comorbidi�es
(CHF, obesity, 
decondi�oning, anxiety)

Referral to Pulmonary specialist if diagnos�c dilemma or subop�mal response to therapeu�c interven�ons

Post-BD FEV1/FVC<70
Obstruc�ve Pa�ern*

Post-BD FEV1/FVC≥70
Normal or Restric�ve Pa�ern*

Fig. 1 Decision tree for PFT
interpretation. Single asterisk
based on GOLD guidelines
[17••]. Double asterisk based on
ATS/ERS guidelines [24]. CHF
congestive heart failure, DLCO
diffusion lung capacity, FEV1
forced expiratory volume in 1 s,
FVC forces vital capacity, ILD
interstitial lung disease, LLN
lower limit of normal, MIP/MEP
maximum inspiratory/expiratory
pressure, NMD neuromuscular
disease, Post-BD post-
bronchodilator, Pulm vasc dis
pulmonary vascular disease
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rehabilitation programs; 15 % of patients with COPD enrolled
in PR have comorbid CHF [55] and 19 % of patients after
CABG have COPD. Co-existent CAD and worsening dys-
pnea on exertion requires appropriate diagnostic work-up

which need to be completed before considering increase in
activity level.

In spite of the proven multifaceted benefit, PR continues to
remain underutilized due to insufficient resources, lack of
awareness (among patient, provider, and payer), and addition-
al patient related barriers [50••, 56••]. A recent ATS/ERS in-
ternational statement provided further policy recommenda-
tions to address all those limitations and encouraged research
to support updated funding and reimbursement policy regard-
ing PR [50••]. Furthermore, Gerald at el showed that only
25% of individuals entering PR are reported to have advanced
directives [57]. In the elderly, PR provides an opportunity to
educate patients about advanced care directives, completion of
the living will, and end of life care [58].

Conclusions

In patients with chronic lung disease, PFTs and PR are indis-
pensable management tools that assist in optimizing care. The
elderly are at risk for underutilization of these diagnostic and
therapeutic tools despite the proven benefit in all age groups.
When interpreting pulmonary diagnostic tests, it is important
to consider that age-related changes in PFTs increase risk of
over diagnosis of obstructive lung disease. The benefit of the

Table 2 Pulmonary rehabilitation (PR)—general principles

PR General principles Comments

Indications and
settings

Patient with a chronic
lung disease who is
disabled by respiratory
symptoms.

Duration: ≥8 weeks
Settings: inpatient,

outpatient, or
community based

Optimization of
pharmacologic therapy
is required before
initiation of PR

Patients with certain
neuromuscular disease
or unstable cardiac
disease may be
excluded from exercise
component

Components:
Exercise training
Behavior change

collaborative
self-
management

Includes endurance
training, interval
training, resistance
training,
transcutaneous
neuromuscular
electrical stimulation,
and respiratory muscle
training.

Education related to
disease process

Inhaler technique training
Nutrition
Coping strategies with

chronic lung dis.
Energy conservation

techniques

Increase in exercise
capacity is specific to
muscles trained

Upper limb exercises are
as important as lower
limb exercises as many
activities of daily living
involve upper
extremities

Group activities can
improve mood and
coping mechanisms

Nutritional counseling
prepares patients to
meet metabolic
demands of exercise
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Table 1 Role of PFTs and additional considerations in the elderly
population

PFT Common applications Additional
considerations

Spirometry and flow
volume loop

Screen for obstructive
or restrictive
pulmonary
disorders

Confirm and assess
severity of COPD

Age-related decrease in
FEV1/FVC increases
risk of over diagnosis
of COPD in the
elderly [26]

Bronchodilator
response

Assess need for
inhaled
corticosteroids

Age does not alter
response to inhaled
bronchodilators [28]

Broncho provocation
testing

Assist with diagnosis
of asthma

False positive
associated with
COPD, atopy,
smoking [29]

Lower challenging dose
(<4 mg/ml vs.
<8 mg/ml) may be
more appropriate to
define the presence
of airway
hyperresponsiveness
in the elderly [30]

Lung volumes Confirm and asses
severity of
restrictive
pulmonary disorder

Age-related decrease in
vital capacity and
increase in residual
volume but no
change in TLC

DLCO Assist with diagnosis
of pulmonary
parenchymal and/
or vascular diseases

Age-related decrease in
DLCO

Respiratory muscle
strength testing
(MIP, MEP, supine
and upright FVC)

Diagnose respiratory
muscle weakness

Risk of over diagnosis
of weakness with
poor effort and/or
age-related decrease
in the respiratory
muscle strength

ABG Grade severity of
hypoxemia

Identify
hypoventilation

Age-related increase in
the A-a gradient

Cardiopulmonary
exercise testing

Differentiate
pulmonary vs. non-
pulmonary cause of
dyspnea

Not available in many
PFT labs

ABG arterial blood gas, COPD chronic obstructive pulmonary disease,
DLCO diffusion for carbon monoxide, FEV1 forced expiratory volume in
1 s, FVC forced vital capacity,MIPmaximum inspiratory pressure,MEP
maximum expiratory pressure, TLC total lung capacity



PR extends beyond improvement in exercise tolerance; social
isolation and mood disorders are common in the elderly and
PR has been shown to be beneficial in addressing these psy-
chosocial issues.
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