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DefinitionsDefinitions

AgingAging

�� Showing the effects of Showing the effects of 
timetime

�� A process of changeA process of change

�� Usually gradual and Usually gradual and 
spontaneousspontaneous

SenescenceSenescence

�� Loss of power of cell Loss of power of cell 
division and growthdivision and growth

�� Loss of function with Loss of function with 
time, leading to deathtime, leading to death
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GeriatricsGeriatrics

GerontologistGerontologist

�� Essentially concerned Essentially concerned 
with senescence, not with senescence, not 
aging, per seaging, per se

GeriatricianGeriatrician

�� Work to promote aging Work to promote aging 
with as little with as little senenscesenensce
as possibleas possible

Physiology of agingPhysiology of aging

A.A. Theories of agingTheories of aging

B.B. Demographics of agingDemographics of aging

C.C. Epidemiology of agingEpidemiology of aging

Causal Theories of AgingCausal Theories of Aging

1.1. Good of the Species TheoryGood of the Species Theory

2.2. Rate of Living TheoryRate of Living Theory

3.3. Evolutionary Aging TheoryEvolutionary Aging Theory
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Mechanistic or Entropic TheoriesMechanistic or Entropic Theories

1.1. Loose Cannon TheoriesLoose Cannon Theories

2.2. Weak Link TheoriesWeak Link Theories

Body composition/conformation Body composition/conformation 
changes with aging changes with aging 

Age Related ChangesAge Related Changes

�� Decreased height, lean body Decreased height, lean body 
mass and body watermass and body water

�� Increased body fatIncreased body fat

ConsequenceConsequence

�� Changes in Changes in 
pharmacokineticspharmacokinetics

Aging skinAging skin
ChangesChanges

�� Flattening of Flattening of dermodermo --
epidermal junctionepidermal junction

�� Thin, fragile, wrinkled Thin, fragile, wrinkled 
skinskin

ConsequencesConsequences

�� Skin tears Skin tears 
�� Pressure soresPressure sores
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Aging skin/hair Aging skin/hair 
ChangesChanges

�� Capillary fragilityCapillary fragility
�� Decreased subcutaneous fatDecreased subcutaneous fat
�� Decreased DHEADecreased DHEA
�� Hair follicles produce less Hair follicles produce less 

melaninmelanin
�� Decreased response to pain Decreased response to pain 

sensation and temperaturesensation and temperature
�� Atrophy of sweat glandsAtrophy of sweat glands
�� Cumulative UV damageCumulative UV damage

ConsequencesConsequences

�� Senile Senile purpurapurpura
�� BaldingBalding
�� Gray/white hairGray/white hair
�� ““ The older the colderThe older the colder ””
�� Dry skinDry skin
�� Actinic Actinic keratoseskeratoses

AgingAging

Alterations in MacromoleculesAlterations in Macromolecules

Aging eyeAging eye

ChangesChanges

�� Loss of elasticity of lensLoss of elasticity of lens

�� Increased density of lensIncreased density of lens

ConsequencesConsequences

�� PresbyopiaPresbyopia

�� CataractsCataracts
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Aging eyeAging eye
GlaucomaGlaucoma

�� Change in aqueous kineticsChange in aqueous kinetics

Macular degenerationMacular degeneration

Aging eyeAging eye

ChangesChanges

�� Decreased Decreased pupillarypupillary
sizesize

�� Sluggish light reflexSluggish light reflex

�� Increased glare Increased glare 
sensitivitysensitivity

�� Decreased color visionDecreased color vision

ConsequencesConsequences
�� Falls and accidentsFalls and accidents

AgingAging

Free Radical TheoryFree Radical Theory
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Aging mouth and teethAging mouth and teeth

ChangesChanges

�� ResorptionResorption of gum of gum 
and tissue and tissue 
surrounding teeth surrounding teeth 
and and mandibularmandibular bonebone

�� Loss of lingual Loss of lingual 
papillaepapillae

�� Decreased saliva Decreased saliva 
productionproduction

ConsequencesConsequences

�� Periodontal disease Periodontal disease 
and loss of teeth and loss of teeth 

�� Poor taste sensationPoor taste sensation
�� Decreased appetiteDecreased appetite
�� Malnutrition and Malnutrition and 

weight lossweight loss
�� XerostomiaXerostomia

Aging mouth and teethAging mouth and teeth
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Aging olfactory senseAging olfactory sense
ChangeChange ConsequencesConsequences

�� DysgeusiaDysgeusia

�� Loss of appetiteLoss of appetite

�� Weight lossWeight loss

�� Atrophy of olfactory Atrophy of olfactory 
bulbsbulbs

AgingAging

Altered Protein TurnoverAltered Protein Turnover
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Aging earsAging ears

ChangesChanges

�� Atrophy of cochlear Atrophy of cochlear 
hair cellshair cells

�� Degenerative Degenerative 
changes of the changes of the 
ossiclesossicles

�� Decrease in Decrease in cerumencerumen
glandsglands

�� Loss of auditory Loss of auditory 
neurons neurons 

ConsequencesConsequences

�� PresbycusisPresbycusis
�� Increased obstruction of Increased obstruction of 

the the eustachianeustachian tubetube
�� Decreased pitch Decreased pitch 

discriminationdiscrimination

Aging earsAging ears

Aging cardiovascular systemAging cardiovascular system

ChangesChanges

�� Loss of elasticity in Loss of elasticity in 
aorta and large aorta and large 
arteriesarteries

�� Calcification and Calcification and 
sclerosis of heart sclerosis of heart 
valvesvalves

�� Loss of cells at the Loss of cells at the 
SA and AV nodesSA and AV nodes

�� Decreased Decreased 
baroreceptorbaroreceptor reflex reflex 
activityactivity

�� Reduction in number Reduction in number 
of adrenergic of adrenergic 
receptorsreceptors

ConsequencesConsequences

�� Predominantly systolic Predominantly systolic 
hypertensionhypertension

�� Increased systemic Increased systemic 
vascular resistance vascular resistance 

�� ValvularValvular stenosisstenosis
�� Conduction Conduction 

abnormalitiesabnormalities
�� Orthostatic hypotensionOrthostatic hypotension
�� Decreased hemodynamic Decreased hemodynamic 

response to response to 
stress/medicationsstress/medications

�� Decreased heart Decreased heart 
rate/cardiac outputrate/cardiac output

�� Left ventricular Left ventricular 
hypertrophyhypertrophy
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Aging cardiovascular Aging cardiovascular 
systemsystem

Aging respiratory systemAging respiratory system

ChangesChanges
�� Decrease in number of Decrease in number of 

functional alveolifunctional alveoli
�� Decrease in PaO2Decrease in PaO2
�� Decrease in elasticity/recoilDecrease in elasticity/recoil
�� Decreased maximum breathing Decreased maximum breathing 

capacity/vital capacitycapacity/vital capacity
�� Increased residual volumeIncreased residual volume
�� Calcification of costal cartilages  Calcification of costal cartilages  
�� CiliaryCiliary epithelial atrophyepithelial atrophy

ConsequencesConsequences

�� Incomplete lung expansionIncomplete lung expansion
�� Decreased exercise Decreased exercise 

tolerancetolerance
�� Decreased cough reflexDecreased cough reflex
�� Increased susceptibility to Increased susceptibility to 

pulmonary infectionspulmonary infections



10

Aging sleep patternsAging sleep patterns
ChangesChanges

�� Delayed sleep onsetDelayed sleep onset

�� Fragmented sleepFragmented sleep

�� EarlyEarly --morning awakeningmorning awakening

�� Decreased time in stages 3 Decreased time in stages 3 
and 4and 4

Consequences Consequences 

�� FatigueFatigue

�� Decreased Decreased 
concentrationconcentration

AgingAging

Genetic TheoriesGenetic Theories

Aging nervous systemAging nervous system

ChangesChanges

�� Decreased brain Decreased brain 
weight, cerebral weight, cerebral 
blood flow, memoryblood flow, memory

�� Alteration in CNS Alteration in CNS 
neurotransmittersneurotransmitters

�� Decreased vibratory Decreased vibratory 
sensesense

ConsequencesConsequences

�� Drug toxicities, Drug toxicities, 
deliriumdelirium

�� Altered moodAltered mood
�� Decreased IQ scoresDecreased IQ scores
�� ““ Benign senile Benign senile 

forgetfulnessforgetfulness ””
�� Increased postural Increased postural 

instabilityinstability
�� Altered gaitAltered gait
�� Falls, accidentsFalls, accidents
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Aging musculoskeletal systemAging musculoskeletal system

ChangesChanges

�� Muscle lossMuscle loss

�� SarcopeniaSarcopenia

�� Bone mineral density lossBone mineral density loss

�� OsteoarthritisOsteoarthritis

ConsequencesConsequences

�� Decreased strengthDecreased strength

�� OsteoporosisOsteoporosis

�� Functional declineFunctional decline

�� Symptomatic arthritisSymptomatic arthritis

�� FracturesFractures

SarcopeniaSarcopenia

OsteoporosisOsteoporosis
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AgingAging

Glycosylation TheoriesGlycosylation Theories

Aging hematologic systemAging hematologic system

ChangesChanges

�� Decreased bone marrow Decreased bone marrow 
cellularitycellularity

�� Decreased hematopoietic Decreased hematopoietic 
functional reservefunctional reserve

�� Decreased lymphocyte Decreased lymphocyte 
productionproduction

ConsequencesConsequences

�� Predisposition for anemiaPredisposition for anemia

�� Altered immunityAltered immunity

AgingAging

Organ System TheoryOrgan System Theory
Pacemaker TheoryPacemaker Theory

�� Neuroendocrine systemNeuroendocrine system
�� Immune systemImmune system
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Aging endocrine systemAging endocrine system
ChangesChanges

�� Decreased Decreased 
triiodothyronine(Ttriiodothyronine(T 33) and ) and 
thyroxine(Tthyroxine(T 44) production) production

�� Impaired glucose Impaired glucose 
tolerancetolerance

�� Increased insulin Increased insulin 
resistanceresistance

�� Decreased estrogenDecreased estrogen

�� Decreased growth Decreased growth 
hormone productionhormone production

ConsequencesConsequences

�� HypothyroidismHypothyroidism

�� Diabetes mellitusDiabetes mellitus

�� Menopause, Menopause, 
predisposition to predisposition to 
osteoporosis and osteoporosis and 
coronary artery diseasecoronary artery disease

Estrogen deficiencyEstrogen deficiency

Aging immune systemAging immune system
ChangesChanges

�� Involution of thymusInvolution of thymus

�� Decreased T cell functionDecreased T cell function

�� Decreased antibody Decreased antibody 
production production 

�� Increased Increased autoantibodiesautoantibodies

ConsequencesConsequences

�� Predisposition to Predisposition to 
infections and infections and 
malignanciesmalignancies

�� Predisposition to Predisposition to 
autoimmune disordersautoimmune disorders
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Aging gastrointestinal systemAging gastrointestinal system

ChangesChanges

�� Altered esophageal Altered esophageal 
motilitymotility

�� Decreased gastric HCL Decreased gastric HCL 
production production 

�� Diminished colonic Diminished colonic 
motility motility 

�� Decreased calcium Decreased calcium 
absorption absorption 

�� Decreased hepatic Decreased hepatic 
biotransformationbiotransformation

�� Decreased hepatic Decreased hepatic 
albumin synthesisalbumin synthesis

ConsequencesConsequences

�� Predisposition to Predisposition to 
aspirationaspiration

�� Delayed gastric emptying Delayed gastric emptying 
timetime

�� OsteoporosisOsteoporosis

�� ConstipationConstipation

�� Altered pharmacokinetics Altered pharmacokinetics 

�� Increased prevalence of Increased prevalence of 
lactose intolerancelactose intolerance

Aging renal systemAging renal system
ChangesChanges

�� Progressive loss of renal Progressive loss of renal 
massmass

�� Decrease in renal blood flowDecrease in renal blood flow
�� Decreased tubular functionDecreased tubular function

ConsequencesConsequences

�� Alteration in drug Alteration in drug 
pharmacokinetics pharmacokinetics 

�� Decrease in Decrease in creatininecreatinine
clearance*clearance*

�� Predisposition to Predisposition to 
dehydrationdehydration

Creatinine clearance = (140-age) x Body wt.(kg) / (7 2x Serum 
creatinine)  (Multiply result by 0.85 for female)

*Creatinine levels may decline secondary to decrease d muscle mass, independ ent 
of actual renal function
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Aging genitourinary systemAging genitourinary system

ChangesChanges

�� Decreased bladder Decreased bladder 
capacitycapacity

�� Enlarged prostate Enlarged prostate 
glandgland

�� Alterations in pelvic Alterations in pelvic 
supportsupport

�� Diminished vaginal Diminished vaginal 
and cervical and cervical 
secretionssecretions

ConsequencesConsequences

�� Urinary incontinenceUrinary incontinence
�� Urethral obstructionUrethral obstruction
�� PruritisPruritis , , dyspareuniadyspareunia

Changes in major systems with ageChanges in major systems with age
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Demographics of AgingDemographics of Aging
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The Life of the CellThe Life of the Cell

Oxygen Oxygen –– GlucoseGlucose

The Death of the CellThe Death of the Cell

FUNCTION

HOMEOSTENOSIS


