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ABSTRACT

Saudi Arabia is undergoing a demographic transition as the proportion of
people 60 and older is predicted to rise from 2 million to 10.5 million between
2020 and 2050. Aging affects respiratory system as long as other systems in
the body. Aging-related changes to the respiratory system typically include
structural alterations to the thoracic cage and lung parenchyma, aberrant lung
function test results, ventilation and gas exchange anomalies, lower exercise
tolerance, and weaker respiratory muscle strength. Reduced elastic recoil of
the thoracic cage and lung parenchyma results in decreased respiratory
system compliance, which in turn results in less energy expended by the
respiratory system. Age causes a decline in lung function as indicated by 1-
second forced expiratory volume and forced vital capacity (FVC), but total
lung capacity does not vary. Diffusion capacity also diminishes as a result of
the increased residual volume. The alveolar-arterial oxygen differential may
rise due to increased physiological dead space and a ventilation/perfusion
imbalance. The age-related muscular atrophy is estimated to be responsible
for a greater than 20% decline in diaphragm strength. Age does not result in
an increase in blood carbon dioxide content or ventilation per minute.
Responses to hypercapnia and hypoxia, however, are diminished. Maximum
oxygen consumption falls by >1% year, along with exercise capability. As a
result of these changes, ageing is accompanied with an increase in respiratory
disorders. It is crucial to understand these respiratory system modifications
brought on by ageing.

Keywords: Respiratory system, aging

1. INTRODUCTION

In Saudi Arabia, 4.9% (1.4 million) of the country's population was over 60 in
2012. By 2050, this proportion was expected to rise to up to 21.8% (10 million),
according to the same estimate (UNFPA and HAI, 2012). The respiratory
system changes as a result of ageing, among other alterations to the human
body. However, due to stark interindividual variability, normal variations of

such alterations could be difficult to discern from pathological changes
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(Héader et al., 2023). In healthy individuals with reserve lung capacity, changes in the respiratory system with ageing do not result in
major issues such airway blockage or parenchymal lung disease.

However, the reserve is diminished when the sick person also has underlying lung illness from prior infections or smoking,
making lung issues more likely to develop. The most typical changes in the respiratory system brought on by ageing include
structural changes in the thoracic cage and lung parenchyma, abnormal outcomes on pulmonary function tests, abnormalities in

ventilation and gas exchange, decreased respiratory muscle strength, and reduced exercise capacity.

Study objective
The authors of this paper want to outline the physiological changes brought on by ageing, including variations in the dynamics of

the respiratory system, irregularities in gas exchange, and modifications in exercise tolerance and respiratory muscle strength.

2. METHOD
Until August 27, 2023, we searched Medline, PubMed and Scopus for potentially pertinent papers. The respiratory system, ageing,

the cough reflex, exercise, hypoxia, hypercapnia, muscle power, anatomical changes, and lung function were all taken into
consideration while selecting articles. Two researchers (Mohammed AA and Mohammed SA), independently read the full-text
manuscripts and abstracts and chose the pertinent articles. Consensus meetings were used to settle disagreements. After that

information’s categorized and divided into 8 sections listed in the results of this literature review study.

3. RESULTS

Effect on lung function

The results of pulmonary function tests are impacted by alterations in the respiratory system brought on by ageing, such as a
decline in compliance and respiratory muscle strength (Hol et al., 2022; Colloca et al., 2010). Individuals' lung function peaks in their
early 20s, is sustained for a while, and then naturally declines as they age. In general, it is known that 1-second forced expiratory
volume (FEV1) declines up to the age of 25-39 years by roughly 20 mL/year, but declines by 35 mL/year in individuals beyond the
age of 65 (Johannessen et al., 2006; Ketata et al., 2012). Age-related declines in forced vital capacity and forced expiratory volume in
one second do not follow a linear pattern, and males experience these declines at a higher pace than women.

Residual volume increases and vital capacity decreases with age, but total lung capacity remains stable or slightly declines. A
70-year-old's residual volume rises by roughly 50% and their vital capacity falls by 75% when compared to a 20-year-old. As a
result, the ratio of RV/TLC rises with age, and this rise is thought to be caused by decreased thoracic wall compliance and lung
elasticity, weaker expiratory muscular strength, and higher closed lung capacity (Hopkins et al., 2023; Roman et al., 2016). The peak
expiratory flow rate peaks between the ages of 30 and 35, after which it gradually drops, especially after the age of 45. After age 50,
men's PEFR declines at a rate of 4 L/min/year and women's PEFR declines at a rate of 2.5 L/min/year. Based on the flow rate-volume
curve, these reductions point to small airway illness (Roman et al., 2016).

A reduction in the diameter of the peripheral airway can be used to explain age-related small changes in airway resistance;
however, as people age, the diameter of the central airway increases, offsetting the effects of an increase in peripheral airway
resistance, which makes up only 10% of the total airway resistance. Additionally, as people age, their ability to diffuse carbon
monoxide (DLCO) diminishes by 0.15 mLCO/min/mmHg/year in women and by 0.15 mLCO/min/mmHg/year in males. According
to reports, women have less decline than men, which may be related to estrogen's role in maintaining blood vessel integrity. Even
after accounting for the alveolar size, healthy individuals' diffusing capacity fell when compared to those aged 70 years. The
alveolar-capillary membrane alterations brought on by ageing may be the root of this reduction in diffusing ability (Garcia et al.,
2012).

Physiological dead space rises due to ventilation/perfusion imbalance brought on by ageing. When a person is between 15 and
20 years old, the dead space accounts for roughly 13% of alveolar ventilation, but when they are between 61 and 75 years old, it
rises to 32% (Holland et al., 1968). According to a study by the physiological dead space in a young, healthy person was 150 ml,
while the physiological dead space in an old, healthy person was reported to be around 235 67.5 ml. This difference represents an
increase of more than 50% (Schaeffer et al., 2021). Elderly adults have lower normal arterial oxygen partial pressures than younger
people, despite the fact that changes in alveolar arterial oxygen concentrations, or (Aa) DO2, are increasing with age. However,
minute ventilation does not decline with ageing, and carbon dioxide exchange is unaffected. As a result, the existence of respiratory

acidosis in the elderly should likewise be considered anomalous.
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Respiratory system dynamics and structural changes

The thoracic cage assumes a rounded shape as a consequence of structural alterations that increase the anterior and posterior
diameters of the cage. Age-related calcification of the thoracic joint cartilage and spinal scoliosis brought on by osteoporotic
alterations generate increased stiffness and decreased compliance of the thoracic wall. The thoracic compliance decreased with age,
according to a study that examined the thoracic wall compliance in 61 healthy persons between 24 and 75 years old (MacAskill et
al., 2023).

The effort required for breathing increases due to the thorax's reduced compliance, which also results in decreased energy
efficiency (Hader et al., 2023). In addition to structural changes in lung parenchyma, other aging-related changes include periphery
airway calcification, decreased elasticity due to changes in the elastic fibres of small airways (reduction by approximately 0.1-0.2 cm
H2O each year), reduction in the proportion of lung parenchyma versus the lung volume, and mucous gland hypertrophy (Rossi et
al., 1996; De-Man et al., 2023).

Effect on respiratory muscle power

Ageing generally results in decreased muscle strength, which also affects the respiratory muscles (Gea et al., 2020; Larsson et al.,
2019). Multiple metrics, including the maximum trans-diaphragmatic pressure, the maximal voluntary ventilation, and the maximal
inspiratory pressure, can be used to assess the strength of the respiratory muscles. Elderly people have been found to have lower
levels of all these factors (Adamiak et al., 2002; Bairapareddy et al., 2021). In a study that evaluated the diaphragm's muscle
strength, it was discovered that older adults (65 to 75 years old) had a about 25% lower Pdi max than younger adults (19 to 28 years
old) (Tolep et al., 1993).

Similar findings were detected in research by Polkey et al., (1997) and regardless of age, the MIP was 30% greater in males than
in women. Men aged 65 to 85 had an annual change in H2O of between 0.8 and 2.7 cm (Polkey et al., 1997). Age-related muscle
atrophy and a decline in the fast fibres that generate a higher level of tension are linked to the diminished diaphragm strength. In
older people, a decline in diaphragmatic muscular strength causes breathing rate to increase, which wears out the diaphragm and
may eventually lead to ventilatory failure.

Age-related respiratory muscle weakness may not be a significant issue in healthy people, but if ventilation requirements are
increased as a result of pulmonary disease, it could be a serious issue leading to respiratory failure. At 50 years old or older, the
cross-sectional area of the intercostal muscles is marginally reduced, whereas the cross-sectional area of the expiratory muscles is
greatly reduced. Age, on the other hand, has no effect on the diaphragm's thickness. However, the decreased compliance in the
chest wall causes the curvature to decrease, which lowers Pdi max. Age-related declines in respiratory muscle power have been
linked to nutritional status, and BMI has been found to significantly correlate with both the MIP and the maximal expiratory
pressure (Pride, 2005).

Response of aged lung to hypoxia and hypercapnia

The older and younger age groups have the same minute ventilation. Even though the tidal volume decreases with ageing, the
minute ventilation is kept up by speeding up breathing. However, in elderly patients, the ventilator response to hypoxemia or an
elevated carbon dioxide concentration may be insufficient (Raurich et al.,, 2009). According to research done by Kronenberg and
Drage, (1973) on healthy young and healthy old volunteers, the elderly people had a 50% lower reaction to hypoxia and a 40%
lower response to hypercapnia.

Although the exact process is unknown, structural alterations in the lung and thoracic cage as well as chemosensory receptor
malfunction may have contributed to these changes (Kronenberg and Drage, 1973). In healthy people older than 60, the ventilation
requirements for carbon dioxide production rose with age. This change was thought to be brought on by an imbalance between
ventilation and perfusion and an increase in end expiratory-arterial carbon dioxide concentration brought on by ageing (Rastogi et
al., 2022).

Effect on exercise

Depending on the individual's capacity for physical activity, the maximal oxygen consumption (VO2max), a measure of exercise
capacity, reaches its greatest level in people between 20 and 30 years old. Thereafter, it declines by about 1% annually. After 20 to 30
years old, VO2max typically drops at a rate of 32 mL/min/year in men and at a rate of 14 mL/min/year in women (Aghali et al.,
2022).
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Effect on cough reflex

Cough reflex weak with age. This alteration may be due to decreased cough sensation, elevated vagus and occipital nerve activation
thresholds, decreased smooth muscle tension, and diminished cognitive function (Canning, 2007; Mai et al., 2020). Additionally, the
power of the respiratory muscles declines, making coughing less effective at expelling secretions or foreign objects. Elderly people
are more likely to develop aspiratory pneumonia as a result of this weakened cough reflex (Mai et al.,, 2020). Main findings of

selected studies presented in (Table 1).

Table 1 Characteristics of the study selected

Publication N
Study author Journal Main findings
year
On managing the ventilator, age has no bearing. A higher age
Hol L et al 2022 Aging was linked to more problems, a longer hospital and intensive
care unit stay, and a higher fatality rate.
Heart, lung, and kidney function all progressively deteriorate
Colloca et al 2010 Surg Oncol ) ] ; .
with aging. Under typical circumstances
By avoiding inaccurately high FEV1% projected with a
Am ] Respir consequent underestimating of disease severity, post-
Johannessen A ) . o . .
¢ al 2006 Crit Care bronchodilator prediction equations can help with the
eta
Med management of patients with chronic obstructive pulmonary
disease.

In older people, ventilation in reaction to exercise, hypoxia, and
Rev Pneumol | hypercapnia is reduced. To separate the consequences of ageing
Ketata W etal | 2012 . . o . )
Clin from those of diseases, it is crucial to be aware of changes in the

respiratory system associated with growing age.

Loss of pulmonary function may cause elderly people who are
. active to experience ventilatory limitations during exercise,

Roman et al 2016 Eur Respir | o . . .
restricting their capacity to continue to reap the health

advantages of physical activity into old age.

These research findings emphasise how crucial it is to choose
Garcia et al 2012 Chest prediction equations compatible with the study individuals'

origin and age characteristics.

Exercise-induced increases in expiratory volume / carbon

Eur Respir dioxide volume are mechanistically related to aging-associated
Schaeffer etal | 2021 ] ]
Rev increases in dead space volume and pregnancy-related decreases

in the partial pressure of carbon dioxide equilibrium point.

Older males may have higher expiratory muscle pressures as a
MacAskill et al | 2023 Physiol Rep result of compensatory processes intended to counteract rising

airway resistance brought on by ageing.

Compared to younger people, the aged population is more

Héder et al 2023 Aging Dis prone to lung infections and has a higher incidence of serious
illness.
J Appl Older persons have a higher prevalence of sleep disordered

Rastogi et al 2022

Physiol breathing than do younger people.

4. DISCUSSION

The impact of ageing on lung function varies noticeably. Reduced chest wall compliance and more air trapping are both effects of
ageing. After age 70, the rate of decline likely accelerates, indicating that the decline in FEV1 with age has a nonlinear phase. Ageing
causes an increase in airspace size due to the loss of supporting tissue. Age-related declines in respiratory muscle strength are
substantially more pronounced in men than in women. The respiratory system is able to maintain appropriate ventilation and

oxygenation throughout the whole life span, despite these alterations. Age-related reductions in the ventilatory response to hypoxia

Medical Science 27, €367ms3225 (2023) 40f6



REVIEW | OPEN ACCESS

and hypercapnia render the respiratory system more susceptible to ventilatory failure in high demand conditions (such as heart
failure, pneumonia, etc.), which could lead to unfavorable outcomes (Sharma and Goodwin, 2006). Additionally, the diminished
awareness of bronchial constriction could cause delayed medical care. Older persons who have chronic lower respiratory tract

inflammation may be more vulnerable to harmful environmental exposure and experience a faster decrease in lung function.

Recommendation
Future research must focus on the clinical implications of "normal" aging-related alterations to the respiratory system as the
population of Saudi Arabia ages.

5. CONCLUSION

Our review found that age affects lung functions, decreases the compliance and respiratory muscle power, it also results in

structural and dynamic changes and decrease the tidal volume, exercise capacity also cough reflex altered with aging.
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