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Abstract:

As the older population has been tremendously growing, the physiologic changes of
all organ systems in increasing age should be extensively recognized. The changes include
the increased risk of myocardial infarction or hypertension in cardiovascular system,
respiratory failure in respiratory system, malignant melanoma in aging skin. The impaired
coordination of muscles of swallowing also increases risk of aspiration. In addition, the
immune system with altered function slows down the inflammation process of the body,
leading to atypical presentation when the patient is acute illness. In this article, aging changes
of organ systems and the potentially altered risk of diseases including the pharmacokinetic
and pharmacodynamic changes in the elderly are described for the benefit of patient care.
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Introduction

Nowadays, birth rate is declining in
spite of increasing human life span. Trends
of elderly populations growth occur in
several countries especially in Europe and
Asia.! Aging societies, according to United
Nation, defined as the share of population
aged more than 65 are exceed 7 percent of
whole population in the country?, going
to pace all around the world. These global
changes challenge social and family welfare
system, economic systems and health care
systems.” Aging is a natural process that
occurs from accumulation of changes in any
organ system, either function or number
of cells and tissues. This changing process
leads to progressive increasing the risk of
disease and death.’ These changes create the

different perspectives of diseases between
adults and elderly including epidemiology,
characteristics, prognosis, complications
and limitations of treatment. Therefore,
physicians and healthcare workers need to
know about changing in the organ system
to increase their capability to treat and care
elderly patients.

Theory of aging process

Currently, the process of aging is
still questionable. Multiple theories were
launched but were still controversial and
unproved.** Generally, the process of aging
is divided into intrinsic and extrinsic causes.
The extrinsic causes or so-called ““stochastic”
are hypothesized that cumulative exposed
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of free radicals and radiation lead to cellular
damage, error in protein synthesis and
degradation of protein cross-linking. The
intrinsic causes or “Developmental-genetic
theories” are explained that there are
preprogrammed, genetic controls which
affect dynamic transformation of intracellular
organ systems and erode homeostasis in
adulthood after maturation is complete.®’

Homeostenosis

Homeostenosis is the body phenome-
non that decreases the ability to maintain
balances of organ function under stress.
Everybody is given excess capacity in organ
and biologic systems called “physiologic
reserve” at birth. This reserve is used to

Availability of
body reserve

Body Reserve

Stress

buffer any stress such as illness, trauma to
maintain homeostasis. As time goes by, this
reserve declines, and then aging body
reduces capacity to endure any injury to
organ systems. If the stress is over body
reserve, it can cause disease, decompensation
and death.?® Figure 1 shows homeostenosis
which means progressively reducing of body
reserve according to increasing age and the
attack of stress such as illness. At the end of
the curve shows sharp decline, that means
at the very end stages of life or very elderly,
body reserves are easily reduced and lead to
death when the stress comes out. This
progressively body reserve declining
definitely as “deconditioning” or “frail.” '°

Physiologic limit or “"Homeostenosis”

Stress attack
beyond the
physiologique
reserve

Increasing Age

.
>»

Figurel Natural process of. homeostenosis Body composition

In the elderly, the body composition
changes along aging process. Many studies
show that body weight and body mass index
(BMI) do not change significantly but fat
mass 1s increased and muscle mass is
decreased."'? This changing process effects
pharmacokinetics of the elderly then has a
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consequence of medical treatment of any
disease in the elderly.

Theoretically, plasma protein binding
and fat body mass affects drug volume
distribution. Drugs with lower plasma
protein binding capacities have higher
volume of distribution, less plasma drug



concentration and drug toxicity. “Lipophilic
drugs” refer to drugs that have high
solubilities to fatty tissue, they have more
capabilities to distribute drug level in
extravascular tissues (Vd) than “Hydrophilic
or water-soluble drugs”. On the other hand,
hydrophilic drugs have higher potency to
concentrate in plasma volume."

As aging changed, fatty mass is
increased that effected the volume distribution
of any drugs. Lipophilic drugs such as
diazepam, thiopentone, fluoroquinolones,
macrolides have more distribution of
extravascular tissue (Vd) which leads to
prolong half-life and accumulation of drugs.
Therefore, the frequency of administration
of these drugs should be monitored. In
contrast, total body water in the elderly tends
to be decreased, so highly water-soluble
drugs or hydrophilic drugs have higher drug
plasma concentrations. Hence, drug toxicity
easily occurs in the elderly especially using
hydrophilic drugs such as digoxin, amino-
glycosides, penicillin, theophylline. All these
phenomena explain why physicians should be
aware when prescribing any drugs in elderly
patients and have to “start low and go slow”
during titration of drug dosages to achieve
the most potency and least toxicity.

Skin and musculoskeletal system

Skin is the largest organ of the body
that includes an area of about 20 square feet
and is anatomically classified as 3 parts:
epidermis, dermis and hypodermis. All parts
have degenerative aging changes resulting in
higher risk for skin disease than the normal
population.

Epidermis and dermis become thinner.
Dermoepidermal junction flattens and loss
undulation. Vessel walls are also thinner.
These changes increase the fragility of skin
when applied with shearing stress. The skin
becomes more transparent and easily bruising.
Other that, thin skin is at risk of irritation
and leading to wound such as skin that has

been exposed to urine or feces.

Distribution of vascularity, fibroblast,
fat tissue and collagen are also decreased.
Hence, healing process is delayed in the
elderly when they have trauma. Importantly,
skin is one of protective barrier to any
infections then elderly have higher suscepti-
bility to skin infections than young adults.

The declining number of sweat glands
makes skin drier and leads to higher risk
of xerotic dermatitis, seborrheic dermatitis
in the elderly. The number of Meissner’s
corpuscles and Pacinian corpuscles, which
are sensory receptor, also decreased. Conse-
quently, the elderly has less pain sensation
and proprioception than young adults leading
to higher risk of trauma, wound and falling.

The aging body has a change of
keratinocytes, melanocytes, fibroblasts and
endothelial cells. These changes cause the
skin to grow when exposed to UV light and
develop abnormal keratin and melanin
growth, leading to skin malignancy such as
actinic keratosis and melanoma.'

A decrease in the amount of keratino-
cytes and subdermal fat results in a wrinkle.
The wrinkle itself affects UV exposure. An
aged wrinkle is characterized by thin, finely
and dry wrinkle, while photoaging or UV
exposure skin appears. They are more likely
to be deep, rough and lax wrinkle.'

According to musculoskeletal, the
decreased amount of muscle mass leading
to higher risk of sarcopenia. The definition
of sarcopenia, according to The European
Working Group on Sarcopenia in Older
People (EWGSOP)'® is a syndrome
characterized by progressive and generalized
loss of skeletal muscle mass and strength
and/or physical performance, associated with
a risk of adverse outcomes such as physical
disability, poor quality of life, and death.
Muscle is a type of protein, therefore, when
the amount of muscle is reduced, it may alter
the pharmacodynamic effect of the drug-
binding protein.
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The aging body also reduces production
of osteoblast, while osteoclast numbers
remain unchanged.17 Meanwhile, 7-dehy-
drocholesterol production in the epidermal
layer is decreased, the amount of vitamin D
1s increased, which attenuate calcium
absorption'® leading to osteopenia or
osteoporosis and pathologic fracture in the
elderly which subsequently increase
morbidity and mortality.

Cardiovascular system

There are changing in endothelial
wall; increased intimal thickness, vascular
smooth muscle hypertrophy, fragmentation
of the internal elastic membrane and an
increase in the amount of collagen and
collagen cross-linking in arterial walls,
which may attribute to increasing afterload,
systolic blood pressure and widening pulse
pressure. Over the long term, ventricular
hypertrophy can occur in the elderly.

Moreover, the thickening of the
endothelium leads to impair endothelium
dependent-vasodilatation. When the body
needs more cardiac output, such as during
exercising or acute illness, the body is unable
to dilate the blood vessel to enhance blood
flow for the increased demand of total organ
system. This leads to increase risk of cardiac
ischemia, coronary artery disease and
peripheral vascular disease'”

Cardiovagal baroreflex sensitivity
decreased which may induce several
consequences including increased levels of
BP variability, higher potency of orthostatic
hypotension, an impaired ability to respond
to acute challenges to the maintenance of
BP, and increased risk of sudden cardiac
death.?

From above, the arterial stiffness
results in ventricular hypertrophy which
make the ventricle thickening, but the

132 « Greater Mekong Subregion Medical Journal

ventricular mass is not clearly altered. Such
age changes result in decreased end-
diastolic volume, but the systolic volume
remains unchanged. This leads to a decrease
in myocardial relaxation and myocardial
compliance, therefore the elderly is at higher
risk of developing diastolic dysfunction or
diastolic heart failure than young adult."

In addition, myocardium has loss of
myocytes, the cause of which myocytes loss
is currently unknown. It was also found that
there was a decrease in capillary density,
both of which increased the likelihood of
myocardial ischemia more easily with
increasing age.”!

Whilst both 8 adrenergic receptor
density and the ratio of 1 to P2 receptors
donot change with aging, senescent myocytes
show a decreased responsiveness to f3
adrenergic stimulation.” As a result, the
body is unable to drive maximum heart rate
or maximum cardiac output according to
stimuli or stress such as exercise, infection
or shock. When the body fails to increase
cardiac output, in case of increasing cardiac
demand occur, this can lead to pumping
failure or pulmonary edema. Other than that,
the decreased responsiveness to [3 receptor
can cause adverse effects easier than young
adult when expose to beta-blocker drugs
such as bradycardia or hypertension.

In addition to the change in the structure
of the blood vessel and myocardium in the
elderly, the autonomic regulation of heart
also changes over time. According to Kuga K.
et. al, the parasympathetic tone of sinus node
functions is decreased, along with the
conduction time of the sinus node. Study also
shows that atrioventricular node is prolonged
as the age increased.” This puts the elderly at
higher risk of heart block such as sick sinus
syndrome, AV block or bundle branch block
than young adult.



Respiratory system

In the elderly, there are changes in the
respiratory system, both in terms of structure
and lung mechanics, which may not be
noticeable change in normal conditions.
But it results in the elderly having higher
potency of respiratory failure when they have
acute illness or respiratory infection.
Therefore, the elderly has higher risk of
intubation, prolong ventilator, longer
hospitalization, morbidity and mortality
outcome.

For structural changes, chest wall in
elderly become stiffer. The anterior and
posterior diameters of the thoracic cage
change to be more likely round shape.
Skeletal muscle of breathing has loose
strength.*** The lung parenchyma loses
elasticity, causing the elastic recoil to
deteriorate. In addition, the small airway has
less elasticity and the airway caliber decreases.
All of the changes result in decreased lung
compliance and the elderly would require
more effort to breathe and increase the
chance of small airway obstruction more
easily than young adult.

Cilia which function in the mucocilliary
clearance of sweeping mucus and dirt out of
the lungs* become slower with age. This
aging change causes reduced capacity to get
rid of secretion or germs like bacteria or
virus from the lungs. Together with
respiratory muscle atrophy with age, the
elderly has decreased effort to cough to get
rid of secretion. All of these put the elderly
at higher risk of pneumonia and secretion
obstruction.”

On the lung mechanics aspect of the
elderly, decrease in elastic recoil and lung
compliance causes reduction of the 1-second
force expiratory volume (FEV1) and forced
vital capacity (FVC). Study of B. Burrows
et al. found that FEV1 decreased by
approximately 35 mL/year, but this reduction
was not directly proportional to the linear
curve and found that men had a higher rate
of reduction than women.”

Total lung capacity (TLC) in the elderly
does not change with age and tidal volume
remains the same. However, due to stiffer
chest wall and loose respiratory muscle
function, the elderly has decreased inspiratory
reserve volume (IRV) and expiratory reserve
volume (ERV), resulting in decreased vital
capacity and increased lung residual volume.
Force residual capacity (FRC) remains
unchanged.?®

Because of the increased airway
resistance due to the smaller size of small
airway caliber in aging change and
decreasing elasticity of airway when the
peak expiratory flow rate was examined,
it was found to decrease with increasing
age. 2528

Although, Force vital capacity and tidal
volume decreases, minute ventilation of the
elderly in resting state is not different from
adulthood. Hence, it has compensation that
respiratory rate should be increased. During
physical exertion or stress that require an
increased minute volume, these situations
increase the likelihood shortness of breath
and increase risk of respiratory failure
especially when the elderly has acute
illness.
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Figure 2 Schematic aging-response of lung mechanics®

Related to aging, the body’s vessel
thickens, and the lungs have more dead
space and the alveolar-capillary membrane
thickens. All these changes increase the
chances of ventilation-perfusion imbalance.

According to H. Stam et.al study, the
diffusion capacity for carbon monoxide
(DLCO) was decreased with age by 0.2 mL
CO/min/mmHg/year in men and by 0.15 mL
CO/min/mmHg/year in women.*

Hypercapnic and hypoxic response
were also declined with aging which resulted
in no symptom or delayed response to
hypoxemia or hypercapnia, presumably
atypical presentation in the presence of
pulmonary disease.

Gastrointestinal system

The changes are described according
to anatomy as follows:

1. Oropharyngeal part

Oral epithelial mucosa is thinner and
enamel production is reduced. Together with
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the gums are more receding. All these things
make the teeth easily decayed and eroded.
The function of orobuccal muscle is reduced.
Some elderly who have so many dental caries
or dental loss, that the number of teeth is less
than 20, they are unable to close their mouth
completely.

The coordination of the oropharyngeal
muscles and the swallowing reflex are
impaired, making it impossible to combine
food into a food bolus before swallowing.
Besides that, the coordination of swallowing
muscle is not related to the amount of food
eaten. This causes the higher risk of
aspiration and leads to higher risk of
aspiration pneumonia in the elderly.*

Additionally, the protein content of
saliva changes, but the saliva flow rate
remains the same. As a result of taking a
variety of drugs, the elderly has higher
potency to be xerostomia.’!

According to Whelan et. Al. study,
microbial population in the oropharynx in



elderly was changed in quantity and type
of microbiome, therefore, immune defense
from microbiome was different from adult,
and led to higher risk for respiratory tract
infection.*?

2. Esophageal part

Loss of esophageal compliance,
resulting in swallowing dysfunction,
increases the risk of esophageal reflux
and aspiration pneumonia.*

3. Stomach and intestinal part

In the stomach, there is a decrease in the
amount of intestinal Cajal body. The Cajal
body acts as a pacemaker, sending slow wave
potential to the intestinal smooth muscle
causing intestinal contraction. As the number
of Cajal bodies decreases, the gastric
emptying time and intestinal transit time are
slowed down. Hence, the elderly eats less,
causing anorexia due to indigestion and
constipation. Moreover, the drug effect is
slower due to longer transit times.***°

Prostaglandins are unsaturated fatty
acids and act as protective barrier of gastric
mucosa from any irritants. In the elderly,
there was a decrease in the amount of
prostaglandins production. Therefore, the
secretion of bicarbonate in the stomach is
decreased, while parietal cells secretion of
hydrochloric acid is the same, increasing
the risk of gastritis or gastric ulcer.*

Due to the thickening of the vessel,
the mesenteric, splanchnic and gastric blood
flow is reduced, especially after meals. The
body undergoes splanchnic blood pooling
without compensation from the peripheral
vascular system, resulting in postprandial
hypotension which is one of the most
common causes of syncope in the elderly.?’®

4. Hepatobiliary system

In the elderly, liver mass, liver
perfusion, and liver blood flow are
decreased while mitochondrial integrity
and enzymatic activity remain unchanged.

Due to decreased hepatocyte, hepatic
oxygen diffusion and liver blood flow,

study of Anantharaju et.al. has shown that
hepatic drug metabolism by cytochrome
P450 is also reduced resulting in changes
in pharmacokinetics, especially in the first
part drug metabolism. Therefore, some drugs
have a longer duration in the elderly and
should be avoided such as benzodiazepines
or some antihypertensive drugs.*

According to Le Coutour et.al., a
decrease in hepatic perfusion affects hepatic
drug clearance. If the elderly need to take
the drugs with high clearance activity, the
dose should be reduced by 40%, while with
the low clearance drug should be reduced
by 30%. Otherwise, drug toxicity may
occur.®

Genitourinary system

With increasing age, there are structural,
hemodynamic and physiologic changes of
the kidney. Total nephron size and number
are decreased. There are thickening of
basement membrane, glomerulosclerosis,
tubular atrophy and interstitial fibrosis.*!

A decrease in the number of functional
nephrons is associated with a decrease in
glomerular filtration rate. The glomerular
filtration rate begins decreasing 1mL/min/
1.73 m?/year, starting at 30 years of age. But
the decreasing rate can change if other
factors are affected, such as hypertension or
drug toxicity, etc.***

Glomerulosclerosis contributing to
hypertension in the elderly, but in various
studies, there was no association with age-
related declines in glomerular filtration
rate.*

From these changes, when people get
older, the number of function-preserved
nephrons is reduced. So, the elderly has
higher risk of acute kidney injury than young
adults, especially when certain factors are
affected, including acute illness, nephrotoxic
drugs, atherosclerosis, etc.

For the lower urinary tract, a study by
S. Madersbacher et.al. found that elderly
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had significant decreased bladder capacity,
average and peak urine flow rate, urinary
voided volume but increased post-void
residual volume.** All these changes make
the elderly have frequency of urination and
nocturia.

In elderly women, a significant
decrease in functional urethral length and
maximum urethral closing pressure puts
them at an increasing risk of urinary
incontinence and subsequent urinary tract
infection.

On the contrary, elderly men are found
that prostate volume increases which
make the high likelihood of benign prostatic
hypertrophy, urinary tract obstruction and
urinary tract infection.

For female reproductive system, after
menopause, there are changes of hypo-
thalamic-pituitary-ovarian axis leading to
atrophy of uterus, ovary, fallopian tube and
vagina, reduction of cervical and vaginal
secretion. All these changes increase risk of
atrophic vaginitis in the elderly.

On the other hand, aging male
reproductive system has effect of changing
in hypothalamic-pituitary-gonadal axis too
but their function is sufficient to maintain
fertility in elderly men, except minimal
change in sperm motility, quality and
quantity.*

Nervous system

Related to peripheral nervous system,
the P-receptor number is decreased and the
response to the receptor is also decreased in
the elderly. While the o adrenergic response
remains normal, it does not change with age.
Baroreceptor response also decreases
resulting in a higher chance of beta-blocker
side effects which is bradycardia and
syncope than young adults.*

In the part of the autonomic nervous
system, sympathetic overactivity is more
common in the elderly while muscarinic
parasympathetic activity was declined.*®
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All these changes affect the body as
a whole, whether blood pressure, heart rate
response to stress, cerebral blood flow or
bladder activity. These increase potency of
hypertension, coronary heart disease,
syncope, incontinence or urinary tract
obstruction, and also, change the efficacy
of anticholinergic drug responsiveness.

In the aging brain, there are some
losses of synaptic contacts and neuronal
apoptosis that provoke age-dependent
declines in sensory processing, motor
performance and cognitive function. ¥ The
brain shrinks in volume, particularly in the
frontal cortex.*®

The shrinkage brain and synaptic loss
cause memory decline in the elderly and
increase risk of neurodegenerative diseases
such as Alzheimer’s disease, vascular
dementia, etc. In normal elderly, their
episodic memory function does not decline
but it takes longer to recall. Multitasking
and locomotive motor speeds are slower or
disrupted when compared to young adult.
Learning ability takes longer and more
repetition than adult. Working memory or
“skill” still intact when getting older. Finally,
judgement and decision-making, known as
“executive function”, is still the same as
always.*

Hematologic and immune system

In the elderly, bone marrow changes
cellularity like every organ system. The
percentage of hematopoietic cells that
occupy bone marrow decreased from 40-60%
in young adults to 20-40%. The remaining
space is occupied by fat. However, sufficient
stem cell proliferation and maturation is
still preserved. Hence, the preserved
transferred stem cells remain capable
of normal hematopoiesis throughout entire
life. Peripheral blood counts and parameters
are kept unchanged.”

According to Davy Kevin P. et.al,
total blood volume, plasma volume and



erythrocyte volume are significantly lower
than in young adults.”' These aging changes
increase the tendency to anemia in the
elderly, either from blood loss, nutritional
anemia or myelodysplastic syndrome.

The immune response becomes altered
asagingchanges,called “immunosenescence”.
Immune response is classified as innate and
adaptive immunity. The innate immune
system has important components,
phagocytes, which are the first barrier
aggregated to eliminate aggression of
bacteria and fungi, and neutrophils which
have specificreceptors (FMLP,GM-CSF,IL-8)
to combat pathogen. Some studies show
that phagocytosis and neutrophil function do
not change with age but specific receptors
decline signal function and chemotaxis
leading to slower and less response to
infection and inflammation in old age than
young adults.*

Adaptive immunity has higher
specificity to each particular pathogen
than the innate immune system. Besides,
adaptive immunity creates an immunological
memory after an initial response to a specific
pathogen and then produces an “antibody”
which lasts long protection. This process also
forms the basis of vaccination. T-cells and
B-cells are the main components of adaptive
immunity. Immunosenescence of aging
reduces ability to accumulate T-cells, and
decreases the output of naive T-cells.
Whereas, B-cells even decrease in number
that leads to decreased secretion of
immunoglobulin, they also shift antibody
from foreign antigen to autologous antigen.
All the changing process make elderly lower
immunity to infection, lower expression of
inflammation, higher risk of autoimmune
disease and lower activity of vaccination.>*>*

According to Wilkerson W.R. et.al
study, the elderly was found to have
increased fibrinogen, factor VIII, IX and
coagulation proteins. This associates with
dramatic increasing rate of arterial and

venous thrombosis, like stroke, myocardial
infarction and pulmonary embolism.*

Endocrine system

Like all other organ systems, the
endocrine system undergoes age-related
changes but the systems that are affected
directly in the elderly and may need
treatment are thyroid hormone and insulin
secretion of the pancreas.

Aging changes of the thyroid involve
thyroid hormone production, metabolism
and action. There is an overall decrease
secretion of TSH from the pituitary, T3 and
T4 from thyroid gland but the distribution
of TSH relatively tends to shift upward with
aging. Therefore, prevalence of biochemical
subclinical hypothyroidism is higher in the
elderly.

Besides that, chronic diseases (such as
chronic obstructive lung disease, arthritis)
and drugs (such as lithium, amiodarone,
glucocorticoids) can decrease T3 secretion,
this phenomenon can represent like
hypothyroid, even absence of thyroid
disease, term “Non-thyroidal illness”.
Hence, thyroid function tests should be
assessed carefully in the elderly.>®

With aging change of the pancreas,
apoptosis of B-cell occurs. Therefore, insulin
production tends to decline with age. On the
other hand, aging cell become less sensitive
to insulin. The prevalence of insulin
resistance is increasing with age, then the
pancreas takes action with producing more
insulin leading to pancreatic exhaustion.
These changes make the elderly hyper-
insulinemia and hyperglycemia. So, the
prevalence of type 2 diabetes is higher in
the elderly.~’-®

Conclusion

There are aging changes in every
organ system, resulting in the risk of
developing some diseases such as athero-
sclerotic diseases, hypertension, diabetes
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mellitus, osteoporosis, hypothyroidism or
dementia more easily than young adults.
It also affects the metabolism of drugs that
will be used for treatment. Therefore, it is
important to recognize about all these
changes for the proper care of the elderly.

References

1.

10.

Balachandran A,de BeerJ,James K.S,
van Wissen L, Janssen F. Comparison
of population aging in Europe and Asia
using a time-consistent and comparative
aging measure. Journal of Aging and
Health. 2020; 32: 340-51.

Lin Wan-I. The coming of an aged
society in Taiwan: Issues and policies.
Asian Social Work and Policy Review.
2010; 4: 148-62.

Phillips DR, Gyasi RM. Global Aging
in a Comparative Context. The
Geron-tologist 2021: 61: 476-9.
Bjorksten J. The crosslinkage theory
of aging. Journal of the American
Geriatrics Society. 1968; 16: 408-27.
Gavrilov LA., Gavrilova NS. The
reliability theory of aging and
longevity. J Theor Biol.2001; 213 (4):
527-45.

Harraan D. Aging: a theory based on
free radical and radiation chemistry
1955.

Walker RF. Developmental theory of
aging revisited: focus on causal and
mechanistic links between development
and senescence. Rejuvenation research.
2011; 14: 429-36.

Taffett GE.Physiology of aging.Geriatric
Medicine. Springer, New York, NY,
2003: 27-35.

Troncale JA. The aging process:
physiologic changes and pharmacologic
implications. Postgraduate Medicine.
1996; 99: 111-4.

Taffett GE. Homeostenosis. Available:
http://www. ouhsc. edu/geriatric-
medicine/Education/ Homeostenosis/

138 « Greater Mekong Subregion Medical Journal

11.

12.

13.

14.

15.

16.

17.

18.

19.

Homeostenosis 2001.

St-Onge MP. Relationship between
body composition changes and changes
in physical function and metabolic risk
factors in aging. Current Opinion in
Clinical Nutrition & Metabolic Care.
2005; 8: 523-8.

St-Onge MP, Gallagher D. Body
composition changes with aging: the
cause or the result of alterations in
metabolic rate and macronutrient
oxidation?. Nutrition. 2010; 26:152-5.
Alsanosi SMM, Skiffington C, Sandosh
P.Pharmacokinetic pharmacogenomics.
In: Padmanabhan, S. (ed.) Handbook of
Pharmacogenomics and Stratified
Medicine. Academic Press: London.
2014: 341-64.

Situm M., BuljanM.,Cavka V., Bulat V.,
Krolo I., Lugovi¢ Mihié, L. Skin
changes in the elderly people—how
strong is the influence of the UV
radiation on skin aging?. Collegium
antropologicum. 2010; 34 (2): 9-13.
Makrantonaki E, Zouboulis. CC.
Molecular mechanisms of skin aging:
state of the art. Annals of the New York
Academy of Sciences. 2007; 1119:
40-50.

Cruz-Jentoft AJ, Baeyens JP, Bauer
JM, Boirie Y, Cederholm T, Landi F,
et al. Sarcopenia: European consensus
on definition and diagnosis. Report of
the European Working Group on
Sarcopenia in Older People. Age and
ageing. 2010; 39, 412-23.

Mullender, MG, van der Meer DD,
Huiskes R, Lips P. Osteocyte density
changes in aging and osteoporosis.
Bone. 1996; 18: 109-13.

Julia M, Holick MF. Aging decreases
the capacity of human skin to produce
vitamin D3. J. Clin. Invest. 1985; 76:
1536-8.

Oxenham H, Sharpe N. Cardiovascular
aging and heart failure. Eur J Heart



20.

21.

22.

23.

24.

25.

26.

27.

28.

Failure. 2003; 5: 427-34.

Monahan KD. Effect of aging on
baroreflex function in humans. Am
J Physio. 2007; 293: R3-R12.

Olivetti G.,Melissari M., Capasso J.M,
Anversa P. Cardiomyopathy of the
aging human heart. Myocyte loss and
reactive cellular hypertrophy.
Circulation research. 1991; 68: 1560-8.
Spina RJ, Turner MJ, Ehsani AA.
[-Adrenergic-mediated improvement
in left ventricular function by exercise
training in older men. Am. J. Physiol.
Heart Circ. Physiol. 1998; 274: H397-
H404.

Kuga K, Yamaguchi I, Sugishita Y.
Age-related changes of sinus node
function and autonomic regulation in
subjects without sinus node disease:
assessmentby pharmacologic autonomic
blockade. Japanese Cir J. 1993; 57:
760-8.

Rossi A., Ganassini A., Tantucci C.,
Grassi V. Aging and the respiratory
system.Aging Clinical and Experimental
Research. 1996; 8: 143-61.

Lee SH, Yim SJ,Kim HC. Aging of the
respiratory system. Kosin Med J. 2016;
31: 11-8.

Enuka Y, Hanukoglu I, Edelheit O,
Vaknine H, Hanukoglu A. Epithelial
sodium channels (ENaC) are uniformly
distributed on motile cilia in the oviduct
and the respiratory airways. Histochem
Cell Biol. 2012; 137 (3): 339-53.
Burrows B, Lebowitz M.D, Camilli
AE,Knudson R .J. Longitudinal changes
in forced expiratory volume in one
second in adults: methodologic
considerations and findings in healthy
nonsmokers. Am Rev Respir Dis.1986;
133 (6): 974-80.

McClaran SR, Babcock MA, Pegelow
DF, Reddan WG, Dempsey J.A.
Longitudinal effects of aging on lung
function at rest and exercise in healthy

29.

30.

31.

32.

33.

34.

35.

36.

37.

active fit elderly adults. J Appl Physiol.
1995; 78: 1957-68.

Chan ED, Welsh CH. Geriatric
respiratory medicine. Chest. 1998;
114: 1704-33.

Stam H, Hrachovina V, Stijnen T,
Versprille A. Diffusing capacity
dependent on lung volume and age in
normal subjects.J. Appl. Physiol. 1994;
76: 2356-63.

Tenovuo J. Oral defense factors in the
elderly. Endod Dent Traumatol. 1992;
8: 93-8.

Whelan FJ, Verschoor CP, Stearns JC,
Rossi L, Luinstra K, Loeb M, et.al.
The loss of topography in the microbial
communities of the upper respiratory
tract in the elderly. Ann Am Thorac
Soc.2014; 11: 513-21.

Ekberg O, Feinberg MJ. Altered
swallowing function in elderly patients
without dysphagia: radiologic findings
in 56 cases. AJR Am J Roentgenol.
1991; 156: 1181-4.

Clarkston WK, Pantano MM, Morley
JE, Horowitz M, Littlefield JM,
Burton FR. Evidence for the anorexia
of aging: gastrointestinal transit and
hunger in healthy elderly vs. young
adults. Am J Physiol Physiology-
Regulatory,Integrative and Comparative
Physiology. 1997; 272: R243-R248.
Kwon YH, Kim N, Nam RH, Park
JH, Lee SM, Kim SK, et.al. Change
in the interstitial cells of Cajal and
nNOS positive neuronal cells with
aging in the stomach of F344 rats. PLoS
One. 2017; 12: e0169113.

Guslandi M, Pellegrini A, Sorghi M.
Gastric mucosal defenses in the elderly.
Gerontology. 1999; 45: 206-8.
Jansen RW, Connelly CM, Kelley-
Gagnon MM, Parker JA, Lipsitz LA.
Postprandial hypotension in elderly
patients with unexplained syncope.
Arch Intern Med 1995; 155: 945-52.

Vol. 2 No.2 May - August 2022 « 139



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Jansen RW, Lipsitz LA. Postprandial
hypotension: epidemiology, patho-
physiology, and clinical management.
Ann Intern Med. 1995; 122: 286-95.
Anantharaju A, Feller A, Chedid A.
Aging liver. Gerontology. 2002; 48:
343-53.

Le Couteur DG, McLean AJ. The
aging liver. Drug Clearance and an
Oxygen Diffusion Barrier Hypothesis
Clinical pharmacokinetics. 1998; 34:
359-73.

O’Sullivan ED, Hughes J, Ferenbach
DA. Renal aging: causes and con-
sequences. J Am Soc Nephrol. 2017;
28: 407-20.

Glassock RJ.,Rule AD. Aging and the
kidneys: anatomy, physiology and
consequences for defining chronic
kidney disease. Nephron. 2016; 134:
25-9.

Schmitt R, Melk A. Molecular mecha-
nisms of renal aging. Kidney interna-
tional. 2017; 92: 569-79.
Madersbacher S, Pycha A, Schatzl G,
Mian C, Klingler CH, Marberger M.
The aging lower urinary tract: a
comparative urodynamic study of men
and women. Urology. 1998; 51: 206-12.
Hermann M., Untergasser G., Rumpold
H., Berger P. Aging of the male
reproductive system. Experimental
Gerontology. 2000; 35: 1267-79.
Hotta H, Uchida S. Aging of the
autonomic nervous system and possible
improvements in autonomic activity
using somatic afferent stimulation.
Geriatrics & gerontology international.
2010; 10: S127-S136.

Rossini, PM, Rossi S, Babiloni C,
Polich J. Clinical neurophysiology of
aging brain: from normal aging to
neurodegeneration. Progress in
neurobiology. 2007; 83: 375-400.
Peters R. Ageing and the brain.
Postgraduate Med J . 2006; 82: 84-8.

140 * Greater Mekong Subregion Medical Journal

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

MacPherson SE., Phillips LH, Sala SD.
Age, executive function and social
decision making: a dorsolateral
prefrontal theory of cognitive aging.
Psychology and aging. 2002; 17:
598-609.

Longo DL. Bone Marrow in Aging:
Changes? Yes; Clinical Malfunction?
Not So Clear. Blood. 2008; 112 (11)
sci-1.

Davy,KP,Seals DR. Total blood volume
in healthy young and older men. J Appl
Physiol. 1994; 76: 2059-62.

Fulop T, Larbi A, Douziech N, Fortin
C, Guérard KP, Lesur O, et.al. Signal
transduction and functional changes in
neutrophils with aging. Aging cell.
2004; 3: 217-26.

Weksler ME. Changes in the B-cell
repertoire with age. Vaccine. 2000; 18:
1624-8.

Moskalev A, Stambler I, Caruso C.
Innate and adaptive immunity in aging
and longevity: the foundation of
resilience. Aging and disease. 2020;
11: 1363.

Wilkerson WR, Sane DC. Aging and
thrombosis. Seminars in thrombosis
and hemostasis. Vol. 28. No. 06. 2002
by Thieme Medical Publishers, Inc.,
333 Seventh Avenue, New York, NY
10001, USA. 2002.

Peeters RP. Thyroid hormones and
aging. Hormones. 2008; 7: 28-35.
Chang AM., Jeffrey BH. Aging and
insulin secretion. American Journal of
Physiology-Endocrinology and
Metabolism. 2003; 284: E7-E12.
Knight J, Nigam Y. Anatomy and
physiology of ageing 7: the endocrine
system. Nursing Times. 2017; 113:
48-51.



