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Abstract

The human ageing process has been studied in multiple perspectives, and the scientific advances prolonging life
expectancy resulted as quiteremarkable.

Over the years, changes occur in human body, and we become more susceptible to develop diseases, eventually
anticipating death. The world population is getting old and the co-morbidities are increasing in the elderly, limiting
their quality oflife.

Several theories were developed to explam why we grow old, such as the free radicals and the neuro-endocrine
theories. The main consequence of the ageing process seems to be the homeostasis modifications, resulting from
neuro-endocrinedisregulation, impacting all human body systems.

This review intends to resume the most recent concepts and finding on ageing pathophysiology, including
pharmacokinetic and pharmacodynamical changes, that justify a special care when dealing with the elderly
therapeutics.
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Resumo

O processo de envelhecimento humano tem vindo a serestudado em miltiplas perspectivas, e os avancos cientificos
no prolongamento da esperanca de vida tém sido notaveis.

Como passar dos anos ocorrem alteragdes que nos tomam mais susceptiveisadoenga, antecipandoamorte. A
populagdo estd cada vez mais envelhecida e as co-morbilidades dos idosos sdo muito abundantes, reduzindo a sua
qualidadede vida.

Diversas teorias, onde se destacam a teoria dos radicais livres e a teoria neuro-endocring, tém vindo a ser
desenvolvidas para explicar o envelhecimento nomeadamente. A principal consequéncia do processo de
envelhecimento parece ser aalteragdo da homeostasia, resultante da progressiva desregulagdo neuro-hormonal que
sereflecteem todos os sistemas corporais.

A presente revisdo pretende sistematizar os conceitos mais actuais acerca da fisiopatologia do envelhecimento,
incluindo ainda o impacto do processo sobre os comportamentos farmacocinéticos e farmacodindmicos na base dos
quais afarmacoterapéutica no idoso ganha especial particularidade.

Palavras-chave: Envelhecimento, Fisiopatologia, Idoso, Terapéutica.
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Introduction

Ageing is cheracterized by a progressive decline in the
strass response, which follows homeostasis
deregulation, increasing the risk of disease ™. It is an
inter-individual process, since changes occur in
different ways among individuals, but it's also a intra-
individual process since changes happen at different
rates in each organ. Death is the ultimate natral
expression of the process, "™

The world population is ageing fast, and Western
Europe is where we can find the largest percentage of
old people ™ (Table 1). The human life span represents
one of the biggest expressions of the scientific process,
but in the other hand, it also rises some specific health
issues. It is very important to know more sbout the
mechanisms leading to ageing in order to optimize the
health professionals interventions , aiming to achieve
better and longer life forzll .,

Introducio

O envelhecimento caracterize-se pelo declinio
progressive da capacidade de resposta ao  stress,
consequéncia de uma desregulagio homeostitica,
implicendo o sumento da probabilidade de doenga ", E
um processe inter-individual, wma vez que ocome de
forma diferente entre individuos do mesmo género, e
intra-individadl, pods as altéraptes diferem consoante o
dredio em questio ", sendo o morte a expresso natural
dio processo.

A populagdo mundial estd a envelbecer a um ritmo sem
precedentes, sendo a Europa Ocidental a regifio com mador
percentagem de populacio idosa ™ (tabela 1), Por wm lado
a longevidede humana representa uma das expressdes do
progresso cientifico, mas, por outro, o envelhecimento
mcarrelz problemas especificos em termos de sahde
piblica, pelo que o conhecimento aprofundado dos
mecanismos que conduzem &5 alteragfes caracteristicas
do envelhecimento & fundamental, de forma a optimizar a
intervengdo dos profissionais de saidde, possibilitando
uma melhoria da qualidade e da esperanga de vida, ™

Table 1- Percentage of aged populations over the world in 2008, 2020, and

2040 {edapted from Rel4)

Tabela 1 -. Percentagem de populagio idosa por regido mundial nos anos de

2008, 20240 e 2040, (adeptacs da Ref.4)

Ano ! Yew Idade / Age Made / Ags ldnde / Age
=65 Anos =T5 Anos = B0 Anog
Africa
N e 1] a 4.9 L 0.7
200 6.7 22 1.1
20 12.3 S0 25
| Asia
2008 .8 24 1.1
2000 0.3 13 1.7
200 16.2 Gk i3
Europa de Leste / Eastern. Europe
2008 145 ad 3.0
200 17.3 a9 w43
2040 | 24.4 126 7.8
_ Furopa E@dmtal ! Wesicrn Eumope
208 17.8 85 4.9
L Er]i] 20,5 101 6.2
2040 28,1 1540 9.3
América do Norte / Morth America
2008 128 f2 16
200 16.5 a9 4.0
20 208 116 1.3
Oceania / Oosamn

2008 10.8 4.9 2.0
200 13.7 57 33
20 18.5 91 5.5
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The present review was designed under the view of
health professionals, considering the main factors to
attepd when dealing with & genatric patent, Tt is
gssential to kmow the main structural and functional
Ehiinges occurring  over the years, and to understand
fhe related mechanisms.

Ageing Theories

The ageing process is multifactorial, meaning that it
does not resull from one single cause, sincs several
processes interact and act at different levels of
functional organization™

Evolutionary theories stand that ageing results from
the natural selection force decline, When reproductive
capacity is overpassed and the individual is unable to
feproduce, his body loses function simple becanse his
imain goal as a member of the human specie was
accomplished, ™

Molecular theones are based in genetics regulation,
suggesting that the degeneration from gene expression

~-modification. A recent study states that the life spanis

telated to the individual's genetics, probably at one of

the locus of chromosome 4 that seems to promote .

longevity ™

The cellular degradation theory basically says that the
cellular division ability is programmed, e.g., after a
determined number of divisions, a cell grows old and
digs. It is though that telomeres reduction may
confribute to cell degeneration progression. After a
limited number of divisions, cells becomes refractory
to the mitogenic stimulation ™

Thie free radical theory is one of the most well studied
theories, regarding free oxygen radicals as the primary
responsible for human ageing. Figure 1 shows how
these molecules intersct with the human body and
respective consequences,”

Agelog paibephybslgy
Egvelberiviensy rlapdialiyioos

O presente artigo de revisio foi concebido na perspectiva
dos profissionais de seide tendo em especial conta os
principais aspectos a gue devemn atender quando em
presenga de um doente geriftrico, Para tal € essencial a
compreensin das alteraghes estruturais e funciongis que
OCOMMem Coin 0 passar dos anos, BSSIm CcOmo 0%
mecanismos subjacentes 4s respectivas alterngdes.

Teorias do Envelhecimento

O processo de envelhecimento & multifactorial, ndo
resultando de uma cansa iinica, significando que viros
processos interagem entre si, e actuam a virios niveis
da organtzacio funcional ™,

As teorias evolucionarias defendem que o
envelhecimento resulia do declinio na forga de
seleccio natural. A partir do momento em que &
ultrepassada a fase reprodutiva de um individue, o seu
orgenismo degrads-se, pois 0 seu objectivo enquanto
ser vivo foi atingide ™,

As teories moleculares baseiam-se na regulagio
genética, sugerindo que & degeneraglio resulta de
alteragdes na expressio dos genes, Um estudo recente
defende que a duragdo da vida estd relacionada com a
genética de um individuo, tendo sido identificados
genes em um dos locus do cromossoma 4 que parecem
promover a longevidade ™,

Ateoria da depradac@o celular efirma que a capacidade
de divisfo de uma célula & programada, isto & apos se
dividir um determinado nimero de vezes entrs em
senescéocin celular e morre. Pensa-se que a diminuigio
do tamanho dos teldmeros que ocorre em cada divisiio
celular pode contribuir para a degeneragdo progressiva
da eélula no longo do tempo. Apds um nimero finito de
divisdes, as células tormmam-se refractarias a
estimulagio mitogénica ™™,

A teoria dos radicais livres ¢ ums das mais bem
estodadas actualmente, e assenta no focto dos radicais
livres de oxigénio serem os responsiveis pelo
envelhecimento do organismo., A Ggura 1 ilustra de que
forma estas moléculas exercem a =ua fimgdo no
OTEANISmO & quais 45 5uas consequéncias
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) ) ) Bigtemas Enziméticos / Luz LFV / UV Light
Mitoctndrias | Mitcaniria Enzimatic systems CAT, Radisgdolonizante/ lonizing
Porxissomus Peroxissome SOD, GPx radiation
Lipoxigennses Lipanigenmse Sigtemas Mo-cnziméaticos, Medicamentos / Drups
Oxidase HADEH e . \ s
Cliloernes P450 Non enzimatic systems - Citoquinas Inflamatirias |
Glutations [ Glutathion Inflammatory Citokines
Vits (A, C,E} Toxines gmbienints [ Toxines
from environment
Fisologia comprometigs - isologiacomprometida
Impaired physiolog Hnme:ustas!a mpaired physiology
/\ Homeastasis 1
. . . . Diminui¢Bo da resposta proliferativa
Lesio cofular Vias de sinalizagdo especificas y .
Celluiar lesian Specific pathways Reduced proliferarive response
I' l ‘l‘ Sistema de defesa comprometido
Impaireddefense system
Envelhecimento  Lesip - Morte celular
Aging Lesion Cell death

Figure 1- Oxygen Free Radicals asction mechanism. Oxidative stress may result from endogenous or exogenous ageals. Dxyien
reactive species are unstable molecules but with long life spans, The body has different ways to neutralize these radicals,
However when the ROX production increases, the system cannot effectively eliminate them. The free form will resct with lipidsa
and DNA chinging its molecular structure, promoting lesion. Other specific signaling pathways are also activated, namely
inflammatory factors which are are in the very basis of aging, (adaptado daref.7)

ROX ~free oxygen radicals and related oxidative reactions.

Figura1-. Mmig;m de acglo dos radicais livres de oxigénio. O stress oxidativo pode resultar da acgiio de agentes endégenos
ou exdgenas. As edpéeies reactivas de oxigénio sio moléculas instiveis e com um tempo de vida prolongado. O organismo
possui fesramentas capazes de neutmlizar estes radicais. No entanto, quando & produglio de ROX estf aumentnds, o sistemn nio
consegue eliming-los d= forme eficaz. Na forma livre, vio reagir com protelnss, lipidos ¢ DMNA, alterando & sun estruturn
molecular, ¢ cousando lesio. Sao também sctivadas vias de sinalizagdo especificas, nomeadaments factores inflamatérios, que
estlons base do processo de covelhecimento (adaptada da ref. 7).

ROX ~mdicais livres de oxigénio e rencgdes oxidativas relacionadas

Modifications of homeostatic control Modificagies do conirolo homeostisico

Homeostasis is defined as the ability to maintain the

internal conditions in a suitable steady state, even

when changes caused by external or internal factors,
]

ocour

The newro-endocrine system is the key element in

homeostatic regulation ™. Ageing not only contributes
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A homeostasia define-se como a capacidade de
manutengio de condigles internas constantes,
mesmo perante alteragSes induzidas por agentes
externos ou internos. ™

0 sistermna neuro-enddcrino & o elemento
principal da regulagiio homeostasica, ",



to decrease hormonal production, but also to reduce
hiormone receptors in target cells. ™

The hypothalamic-pituitary axis is the main inteprated
tegulator in human body. One of his most important
functions is to verify the physiological adjustments
needed to mantain internal homeostasis, regardless the
environment,  Throughout life, the coobnuous
exposure to stressing factors, reduce or weaken the
ability of human body to adapt and cause “adaptation
diseases " and eventually, death "™, Asshown inTable 2,
glands change their hormone production with ageing,
contributing to the physiologicel changes that
characterize the geriatric population. ™

Agrisg paibopbyuolegy
Envibmdinsan [Ripiioyine

O emvelhecimento contribui nio 56 pam wma diminuigio
de produghio hormonal, como tembém para uma reduglo
do ndimero de receptores hormonais nas céhules alvo ™

O eixo hipotalimico-hipofisirio & o principal regulador
integrado do corpo humeno, Uma das suas principais
funglies & verificar os njustes fisiol Sgicos necessarios para
a prevengio da mamutencio da homeostesia inteme,
independentemente das slteragdes do meio ambiente. Ao
longo da vida, a continua expeosiclio n agentes de stress
despastam ou enfraquecem a capacidade de sdeptagio do
organismo € originam as “doengas de adaptacio™ ¢ por
fim, a morte. ™. Como se pode observar pela tabela 2, as
glindulas alleram a sua produgio hormonal com o
envelhecimento, o gue contribuni para as alteragdes
fisiologicas caracteristicas da populagio geridtrica™,

Lol Hormens Maodticnglie Impacn
Hormane Hﬂ%l IPE‘
Hiphifise GH e g,
4+ dimibudcio da mss musolar & e e da
renovgilo celulr, percepeilo mnsariel &
Hypaphist gl i bl
T Fat o,
+  AMuscie, bare mid cellicksr renewal, o)
= pereerinn and termorerckion
2 Adlrenal Epincfring & ¥ Pl grosta a0 stress coopromeida
"—g Meskin Nrepnefins
E Eprefring and
b Norvpimafrine Impaired npome o g
g Adrmsl coren | Aldoakerona ! L reenplo desddio e hipotensdo orosdtica
I podium reenton md onhosiatic poemsion
§ Aidpstrmne
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a} b

Yo / Jovem

) s Compemsatory recrusiment of
Elderly/ Tibosa . oiher regions
. . .M . Recrutamendo compensabicia
. de zopaa cerchrais

Young / Jovem  Elderly / Tdoso Elderly / ldoso

Elderly / Idoso

Figure 2 -Age related chanpes in brain functional systems (adapted from ref. 10} a) active nrain freas in
youngsters during a given tisk. There's s simolianeous activation of the pre-frontal medial cortex (mPFC),
posterior cingulato {pC) and parietsl latera! cortex (LP). In the eldery only the pre-frontal medial cortex
was active, Eventual conexions among mPFC, pC and LP are shown in the bottom. In the old individuals,
conexions are impaired meaning & lower coordinatiion capecity. b) individuals. were submitted o a
memory kst In the youngster, with a normal cognitive capacity,activation of the brain right Iateral area
was shown. In the elderly, with a reduced performance capacity, the right lateral area activation was also
shown. The old individual showing to maintain the memory capacity revealed a bilateral brain activation,
suggesting some recruitment of ather brain areas. This would compensate for the known age related
neural decline,
Figura 2. - Alteragdo da activagio funcional dos sistemas cerebrais com o envelhecimento. (adaptada de
ref, 10 a} dreas cerebrais activas nos individuos jovens durante o desempenho de uma tarefa. Verifica-se
uma activagio simultinea do crtex pré-frontal medial (mPFC), cingulato posterior (pC) e cortex parietal
lateral (LF). Nos idosos spenas a zona medial pré-frontal do edrtex demonstrou estar activa, Em baixo
" eslilio 48 possVE ConexDes edtre as zonas mPFC, pC e LP. No idoso, 45 conexdes estio comprometidas, o
que contribuj para uma diminui¢io da capecidade de coordenagdo . b} os individuos forsm submetidos a
umn tste de memdria, No jovem, com ums capacidade cognitiva normal, foi demonstrads ums activesdo
da zona lateral direita do cérebro. No idoso com menor capacidade de desempenho verificon-se também
uma activagio da zona lateral direitn cerebral. O idoso que demonstrou manter a capacidade de memdria
revelow uma activogio bilateral carebral, sugerindo um recrutamento de outras zonos cercbrais de forma a
compensir o declinio neuronal caracteristico do envelhecimento

Regarding the nervous system, neuronal death happens
with the years passing by. However, as illustrated in
Figure 2, the central cell loss may be compensated by
an extension of the dendritic tree and increased
synaptogenesis from other newrons. The regenerative
capecity is provided by intercellular mechanisms such
as oxidative phosphorylation and gene transcription
that change with age. Thus, commitment of neuro-
protective mechanisms in central nervous system
evoke progressive neurodegencration, leading to
dementia, delusion, and neurodegenerative disorders
such as Alzheimer's and Parkinson's. "',

Nerve transmission becomes slower with age. The
levels of choline acetyltransferase, acid g-
aminobutyric acid (GABA) and serotonin decrease, as
well aa the number of cholinergic receptors, even in the
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Relativamente ao Sistema Nervoso, com o passar dos
anos ocome morie newronal, No entanto, tal como estd
ilustrado na Figura 2, a perda celular a nivel central
pode ser compensada por uma extensdo da drvore
dendritica e aumento da sinaptogénese dos restantes
neurdnios. A capacidade regenerativa & assegurada por
mecanismos intercelulares que se alteram com a idade,
como por exemplo, a fosforilagdo oxidativa ¢ a
transcrigio genética. Assim, ao estarem
comprometidos os mecanismos neuro-protectores do
sistema nervoso central, verifice-se uma
neurodegeneragio progressiva, gue leva ao
desenvolvimento de deméncia, delirio, ¢ patologias
neurodegenerativas, como as doengas de Alzheimer ¢
deParkinson. "™

A transmissfio nervosa toma-se mais lenta com o



absence of neurodegenerative disorders U4 Cerebral
blood flow decreases with age, especially in the
prefrontal region of the brain. " Reasoning becomes
slower, and there is memory loss, These changes are
notidentical in all individuals, varying in the occurring
extent"?

Struciural and Functional Changes in Body
Systems

Metabolism and Expended Energy

Some studies have shown a reduction in the age
related energy expenditure, as represented in Figure 3,
resulting from & decrease in physical activity and basal
metabolic rate. ™

Ageisg patkiplyl
fimeiberimento _ﬁ:mmhgﬁ

envelhecimento. Os niveis de coline O-
acetiliransferase, acido g-amino-butirice (GABA) e
serofoning  diminuem, assim como o numers de
receptores colinergicos, mesmo na auséncia de
patologias newrodegenerativas ', O fluxo sanpuineo
cerebral diminui com @ idade, principalmente na regiio
pré-frontal do cérebro. "™ O mciocinio torma-se mais
lento € verifica-se perda de memdria. Estas alteragles
niio sio idéntcas em tedos o3 individuos, varando &
extensdio em que ocorrem. ™

Alteragdes Estruturais ¢ Funcionals dos Sistemas
Corporais

Alguns estudos demonstram uma redugiio do gasto
energético com o envelhecimento, tal como se pode
observar na Figura 3, resultante de uma diminuicho da
m:tividade fisica e da redugiio do metabolismo basal. ™

CET / TEE (Mjoules/d)
18
15
12
b
&
° hfzn / Homem - Women ! Bulher
o T L ) T
15-29 30-39 4064 5-T4 ==T5

Idads / Ape

Figure 3 - Total (age related) energetic expenditure (TEE, MJoules/day) {adapted from

ref. 25)

Figura 3 -, Consumo enetgético total (CET em Mloules / dia) relecionado com a idade

(rdapiado daref.25)

The food intake is reduced with age, resulting from
increased levels of serum glucose, prolonging satiety
. Diten, reduction of the food intake may evoke
nutritional deficits , even considering the lower levels
of expended energy, further compromising the
gerigtric patient health condition ™

Body temperature regulation is also modified with

A ingestio de alimentos reduz-se com o passar da
idade, resultante do aumento dos nlveis de glicose
sérica, que prolongam a sensacdo de saciedade, ™
Em geral, apesar do gasto energético estar reduzido no
idose, o menor aporte alimentar origina
frequentemente carnciass nutricionais que podem
comprometer a smide do doente geridtrico, ™
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ageing, specially due to a decrease in the
vasoconstriction - vasodilstation response, ™

Cutaneous Changes

Skin looks clearly illustrate the physiological changes
occurring with ageing over the years™, Tables 3 and 4
summarizes the main functional changes that causes
the appearance characteristics of the elderly.

No matter the intrinsic factors conditioning the process
(genetics, cellular senescence, oxidative stress,
immunological competence and apoptosis, and life
styles, in which the cigarette smoke plays a major role)
# ¥ other extrinsic (photo-induced) factors are
specially relevant for the lower skin phototypes
{accumulated UVR, oxygen free radicals generation
and DNA damage, including enzymatic, metabolic and
immunological alteration) ™,

Table 3 - Functiongl decline in the ageing skin

A regulagio da temperatura corporal estd igualmente
comprometida com o passar dos anos, devido a uma
menor capacidade de vasodilatagio e vasoconstrigio. ™

Alteragdes Cutineas

E através da aparéncia cutine que melhor se observam
as alterages fisioldgicas que ocomem ao longo dos
anos ™. As tabelas 3 ¢ 4 resumem as principais
modificagfes funcionais que estdio na origem da
aparéncia caracteristica do individuo idoso.

Paru além dos factores intrinsecos que condicicnam o
processe (2 genética, a senescéncia celular, o Siress
Oxidativo a competéncia imunitéria e a apoptose, ¢ os
hébitos de vida onde o tabaco desempenha um papel
principal) "™ outros factes extrinsecos
(Fotoinduzidos) ganham especial relevincia nos
fototipos mais claros (UVR scumulads, peragho de
radicais livres de oxigénio e danificagio do DNA,
incluindo & alteragiio de mecanismos enziméticos,
imunolégicos e metabélicos ™,

Tabela 3. - Fungdes em declineo no envelhecimento da pele

=  Renovacgio cellular

= Cell renewal

*  Funcio “barreira”

= Barrier function

® Clearence quimica

*  Chemical clearance

» Percepciio sensorial

*  Sensorial perception

* Protecgdio mecénica

= Mechanical protection

= Reparagiio celular
*  Cellular repair
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= Resposta [munolégica
»  Immune response

*  Termoregulagio

» Thermaregulation

*  Produgiio sebicea

= Sebaceous production
= Produgio sudoripara

*  Sudoriparous production
* Produgio de Vit. D

* Vit D production

* Reparacio do ADN

*  DNA repair
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Table 4. - Skin structural and fonctional changes occurring in the elderty
Tabela 4 - Alteragfies estruturais e funcionais que ocomrem na pele dos individuos idosos ™

Alteragiio estrutural Consequéncia

Structural changes Consequences
Epiderme L junclio derme-epiderme, ¢ drea entre camadas | 4 transferéncia de nutrientes e 02

}  fun¢iio barreira e lipidos epidermicos T PTEA, pele seca e desidratada

+ densidade e numero dos Melandcitos T risen carcinogénico (UVY) e pele mais

clam
. 4 dermal-epidermal furction and between layers

Epidermis ared 4 nutrients and 02 exchange

v barrier function and epidermal lpids 1 TEWL, dry dehidrated skin

| _mielanocyte density and number T Cancer risk (UV) and lighter skin
Derme  Fibroblastos, fibras eldsticas e desorganizagio | T rugas ¢ flacidez

des fibras de colagénio 4 transferéncia de nutrientes e 02
] 4 microcirculagio 4 termoregulagdo e resposta inflamatéria

Dermis

L Fibroblasts, elastic fibers end disorganized T wringles and slackness

collagen fibers 1 nutrients and O2 exchange
1 microcirculation 4 thermoregulation and inflammatory
response

Hipoderme | T abdémen e cintura, Alteragio do contorno corporal

L reduzida na face Resisténcia ao frio ¢ so trauma
Hypodermis | T agbdomen and waist Changey in body confour

L reduced in the face L Resistance to cold and trauma
Anexos 1 unidades capilares e melandcitos Alopécin, cabelo grisalbo, pele mais clara

Hipertrofia da glindula sebdcea - *| Dermatite seborreica, pele seca
Annexes 4 capilar units and melanocytes Alopecia, grey hair and lighter skin

Hypertrophic sebaceous glands Seborrheic Dermatitis, and dry skin

Myo-Osteo-Articular Changes Alteragbes Osteo-Mio-Articulares

The myo-osteo-articular system accounts for the
structural support of the human body, where muscles
provide the force to ensure the movement. Thus,
muscular-skeletal disorders affect posture, motion and
ability to generate force ™.

Primarily, ageing causes a decrease in bone mass with
the typical osteoporosis, mostly emerging with the
newro-endocrine support modification, but also with
the reduction of the physical activity (table 5).
Reduction of strenpth and muscle mass, as well as
joints degeneration and reduction of tendon stiffness,
are also consistent findings ¥, Table 5 lists the main
mechanisms involved in the progressive loss of myo-

osteo-articular function with ageing. ™'

O sistema osteo-mic-articular € o responsavel pelo
suporte e estruture do corpe, onde os misculos
fornecem a forge para assegurar o movimento.
Modificagdes na posturs, na capacidade de geragao de
forca e na rapidez de execugie do movimento sio
consequéncias de alteragfes misculo-esqueléticas, "™
Primarinments, o envelhecimento determine uma
diminuigio da massa dssea, a tpica osteoporose do
idose muito relacionads com a alteragio do suporte
neuro-enddcring bem como com a redugdo da
actividede (labela 5). A diminuicio da forga e massa
muscular, #55im como degpenemcio das articulagdes
incluindo diminuigio da rigidez dos tendbes estio
consistentemente presentes ™. Na tabela § estio
enwmerados os principais mecanismos que originam a
perda progressive de funcionalidade osteo-mic-
articular com o evoluir da idade.

a7
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Table 5 - Summary of the most important changes oceurring in the elderly's skeleton end muscle, and

mechanisms ivalved™ ™

Tabela 5 - . Resamo das principais alteragies do esqueleto & misculo que ocorrem no  idoso e

mecanismos subjacentes, ™

Alteracio
Alteration

Mecanlsmo
Mechanism

+ massa dssea (mafs acentunds e
muiber posmenopausica)

4 Bone mass { more pronounced in
the pos-menopause womnen)

i
T reabsorgio dsseathiperactividade dos
osteoclastos e redupio da sctividade dos
osteablastos

| = Alteraghies na metsbolizagio da vitaming D e

ne absorgio do cilcio

bone reabsorption (higher activity of
osteoclests and reduced activity of
ostenhlasts)

® Vit D metabolism and caleium absorption are
modified

R

+ Perda de funcionalidade das
articulagies e movimento
4 forga de conracelo musculer ¢

Sarcopénia

4 functional loss from the joints to

movemensl
-~ muscular contraction strenghr and
sArcopenia

®  proteases (dos condrdcitos) degradam matriz
de proteoglicano, substituindo tecido hialing
por tecide fbroso.

+ Produglo de proteina muscular com atrofia
muscular ¢ perda de firmeza

} o e dimensio das Unidades motoras

* The proteoglycan matrix is degraded by
Proteases (from condrocytes) replacing
hyaline by fibrous Hssoe

4+ of muscular prodein with muscular atrophy
and loss of firmness

1 number and dimension of motor units

+ da rigidez dos tenddes

4 tendons rigidity

Hematological and Immune Changes

*  Provavelmenie as sociado & redugio do
diimetro, densidade e estrutura das fibras de
colagénio

* Probably associated to reduction of diameter,
density and structure of collagen fibers

Alteragies Hematoldgicas e Imunitdirias

Concemning hematology, the geriatric population often
shows consistent shortage of iron, B12 vitamin and
folic acid, which may contribute to the increased
prevalence of red strain diseases, particularly snemin
™™ The hematopoietic response in stress is irregular and
a reduction in the erythropoietin secretion is seen over
the years. *"

Changes in hemostasis are common with ageing
58

A nivel hematoldgico verifica-se frequentemente na
populagio peridtrica caréncias em ferro, vitamina B12
e de deido fdlico, o que pode contribuir para o aumento
da prevaléncia de patologias na linhagem vermelha,
nomeadamente, anemias, " A resposta hematopoiética
perante situaghes de stress & irregular, verificando-se
uma redugdio da producio de eritropoieting com o
passar dos ancs. "



gpecially involving the increase of some clotting
factors, and a faster platelet response to aggregation
stimulus, increasing the risk of embolism ™. As
summarized in Table 6, the immune system is globally
impaired in the elderty, which helps to explain the high
incidence of infections and malignancies in this
populatian ™,

Table &, -Main immunological changes occuming withaging

g ]

O envelhecimento é acompanhado de alteragdes na
bemostase, observendo-se um aumento de alguns
factores de coagulagfio e resposta mais rapida das
plaquetas a estimulos de agregagio, o que, em conjunto
pumento o risco de embolismo .

Tal como sc pode verificar pela tabela 6, o sistema
imunitirio do idoso estd comprometido, o que justifica
a elevada incidéncia de infecgdes e tumores malignos
na populacdo geridtrica ™,

I1-'-|"]

Tabela 6 - Principais alteragbes imunoldgices que scompenham o envelhecimento, "

Cllulas Alteragiio Impacto
Cells Alteration Impaect
Linfocitos T | 4  da proliferagho T prevaléncia de cancro
) da produgio de citoquinas T incidéncia de doengas auto -
produtoras de células T oa medula imumes
fssea
! capacidade supressora
Linfocyte T | | proliferation T cancer prevalence
+ cytokine inducing cell T T autoimmune diseases incidence
production on the bone marrow
+  supressor capacity
Linfécitos B | 4  da replicegfio e da proliferagiio 4 produgio de anticorpos.
: T prevaléncia de cancro
Linfocyte B | Iﬂ-pliﬂﬂtiﬂl] and prﬁ]il‘mﬁiiun 4 antibody production.
T Cancer prevalence
Macrdfagos | 4 produgiio na medula dssea 4 da defesa niio especifica.
T prevaléncia de infecgdes
Macrophages | | production in bone marrow 4 non-specific defenses
T infection prevalence,
Neutrofilos | | - da produgfio de oxidantes 4 defiesas niio especificas
antimicrobianos T preveléncia de infecgdes
Neutrophyle | | production of antimicrobian d  non-specific defenses
oxidants T infection prevalence.

Cardio-Vascular and Respiratory Changes

The heart loses functionalities over the vears, resulting
from various structural changes "™, Cardiac remodeling
involving hypertrophy or diletation and some degree of
fibrosis, determine the progressive loss of ventricular
efficiency both in diastole and systole. The cardiac

Alteragides Cardio-Vasculares e Respiratérias

O coraglo perde funcionalidades com o passar dos
anos, resultante de diversas alteracdes estruturais ™, A
remodelagio cardlzca, envolvende a hipertrofia ou a
diletago e algum gran de fibrose, determinam a perda
progressiva da eficiéncia ventricular na diastole e na

i
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rhiythm reduction leads to changes in cardiac cycle
timings while wvalvolar calcification increases the
strokerisk ™

For all these reasons, heart function decline seriously
limits the life quelity of geratric population, being &
major cause of morbidity and mortality in individuals
over 65 years™. (Table 7)

The structural and functional changes in vessals; from
large arteries where atheroma determinants are
accumulated, to microcirculation where vasodilator
response is decreased and vasoconstriction response
augmented, arealsochamcteristicinoldpeople. Thebaro
andchemical responsesarealsomodified (table 7).
Regarding respiratory function, several changes occur.
Reduction of elastin and collagen disorganization
explains the progressive elasticity loss with is
aggravated by muscle atrophy and parenchyma
calcifications. The cough reflex and mucociliar
transport are also depressed ™" (Table 7). Under these
conditions, adeptation to stressful situations that
require more oxygen delivery is suddenly difficult,
compromising the integrity of other systems. ™.

sistole. A diminuigio do ritmo alters o tempo dos ciclos
cardicos, e a deposiglio de cileio, em especial no sistema
valvular, sumenta o risco de acidente cardiovascular ™",
Por todas estas razdes o dirminuigio da fungéo cardiace
limita muito 8 qualidade de vida da populagio peridtrica,
gendo ume das principeis causas de morbilidade e
mjﬂﬁﬂlidﬂdﬂ em individuos com meis de 65 anos (tabela 7)
As alterngBes Bstruturais ¢ funcionais dos vasos, das
ariérias de fgrande calibre onde &e acumulam o5
determinantes do ateroma, aos vasos da microcirculagio
onde diminui & resposts vasodilatedors e aumenta a
capacidade de resposta vasoconstritora slo
caracteristicas. A resposta baro e quimireceptora fica
tamhém alterada (mbela 7)

No que respeita & funglo respiratbria, 530 virins as
alteragdes registadas. Desde logo a diminuicio de elasting
& desorganiza¢iio do colagénio explicam a progressiva
perdn de elasticidade, agravada pels atrofia dos misculos
do parémquima pulmonar e pelas calcificagbes, O
transporte mucociliar e o reflexo da tosse também
diminuem ™" (tabela 7). Nestas condigdes, = adaptsciio a
situagies de stress que exigem o aumento do aporte de
oxigénio, ¢ muile dificultads, compromentendo a
integridade dos restantes sistemas ™

Table 7 - Main sge-related functional changes on cardio-vascular and respiratory systems (PVR - peripheral

vascular resistance) !

Tabela 7 -. Principais manifestagdes funcionais do envelhecimento nas fimgdes cardio-vascular e respiratéria (RVP

~resisténcin vascular perifériva) ™

Cardioc Vascilar

Kespiratory

*  Reducrion of the Efection »  Adrherosclerosis *  Lung volumes and rigidisy
Fraction and veniricular ®  Perimheral Vascular increase
valume Disease " Respirglory prissure

= increaving PVE and o bemous Faillure decrenses
Hypertension = drterial pressure peaks *  Reduced axpansion of

= Digsiolic faflure and heart and postural hipotension thoracic cage and air
Jailure retertion within fungs

= Arrhythmia *  Higher suscepribilicy for

s Arrig-veniricular Blockage

Yasculares

Cardiacas

diffusion infection

Kespiratdrios

»  redugio da fracefo de " Aterosclerose  yolume @ rfigidez pulmonar
ejecpio e do volume de = Dipenga Wiscular Qumentam
enchimento do ventriculo Periférica *  Diminwiglo da pressEo
=  Aumento da RVP *  Insuficitneia Venosa respiratiria
hipertensio arterial * Picosdepressdoarterisle = Limitagho oa expensio da
=  Faléncio diastdlica e Hipotensio postural caixa toracica e relengio de
Insuficiencia Cardlaca ar nos pulmibes
*  Asritmia *  Maior susceptibilidade para
*  Blogueio suriculo-veniricular infecgies de difusio



Gastro-Intestinal Changes

Growing old alse means a higher prevalence of
giistrointestinal complaints ", The morphological and
physiological changes that occur in the gastrointestinal
tract of the geriatric population are varied, from the "
jnouth divness " o gastro-esophageal reflux and
gonstipation. The main changes are summarized in
Table 8.

Ageing pal I

Alteraglies Gastro-Intestinais

Com o aumento da idade verifica-se ume maior
prevaléncin de queixas gastrointestinais "9, As
alteragdes morfoldgicas e fisiolbgicas que ocorrem no
tracto gestrointestinal da populagiio gerifirica sio
muito variedas, estendendo-se da “boca seca”™ ao
refluxo gastro-esofiigico e i obstipagio. As principais
alteragies desta natureza que ocorrem em fungio do
envelbecimento estio reunidas na tabela 8.

Table 8 - Main gastro-intestinal complaints and alterations related with apeing ™
Tabela 8 - . Queixas mais frequentes ¢ alteragbes gastro-intestinais no idoso ™=

Mechanism Slgns and Sympioms
Mecanlsmo Sinals e Sinfomas
Reduction of selive secretion LDy eoserh

Bedugio da secrepiin de saliva Boca secn

Reduction of sensorial reurond

Dimimuigho de neurdning sensoriais

Modification in tese and smell perceptions

Mlterngdes da percepedio do sabor @ do offico

?qmn‘r.rr Er_gphagﬁ' Esfincter ralance inersares

Refluxo prstro-zenfigico
and its relavation iy delaeed
Aumenio da resisténcin do esfincter esofiigico _
superior e Araso no sew relaxamento Gastro-exophagic refluc
‘Redurmion of peristaisis and enferic Rerves— REUNG-  LEILIRG dijiculies
degeneration
Diminuigio do peristaltismo ¢ da inerveglo entérica  pue o0 aa degleticlo
— newrn-degensragiio
Reduced intestingl absartion Nutritional deficite
Redugio da absorie intestinnl Difices mutricionais
Prolongnmente do transito intestingl
Dimiswigio da motlidsde
Dietn pabre em fibras, consumo de dgus reduzids,  Chetipasion
dimimigio da actividsde flsica e terapéatica
farmacoldgica multipla
Intestinal trersit & prolonged ond moline reduced
Lowfiber diet, reduced water consumpion, weak Ohstipagio

physical activity, and muliple pharmacological
therapeutics

Reduced kepatic ﬂnﬁ'pﬁnfrmlffﬁnﬁ'fw
Redugio da fungio hepatica & pancredtica

Genital-Urinary Changes

The kidney is one of the most affected organs with
ageing, duc to fbrosis that progressively affects the
nephron. For this reasom, wrine is not highly

Decreased production of digestive fuices
Reduciio da prodhuciio de sucos digestivos

Alteraptes Genlto-Urindrias

O rim ¢ um dos Orgdos que mais se altera com o
envelhecimento em Ffungfio da fibrose que,

fil
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concentraled while the filtration and elimination abilities
are frankly diminished over the years ™",

Changes in fluid and electrolyte composition that usually
occur are also due to decreased production of renin and a
cfficiency reduction of aldosterone activity in the distal
tubule " (table 9)

Male and female r:pmdm:nve gystems undergoes marked
changes specially based on the progressive loss of neuro-
humoral regulation. In men, these changes involves ™™

- Prostate swelling, by incrensing the rate of m:ll
pmhfera.uan

- Decreased libido resulting from the reduction of
andrn:,:m, reduction of erectile capacity, associated with
vagcular disease, mutonomic mervous system dizorders
and use of other drugs (co-morbilities)
- Delay in erection, decreased intensity of orgasm,
decreased gjaculation volume.

In women, changes in the reproductive system begin in an
earlier stage of life (menopause), involving ™:

- Hair thinning and whitening

- Vaginal dryness, which predisposes the development of
erylhema and vaginal atrophy and changes of wizrus and
Cervix position as well,

-increass of vaginal pH and blood flow redoction

- loss of folliculer cells, granulosa and theea (ovaries)

progressivamente, afocta o nefron.  Por essa mazdo, a
urinn do idess & pouco concentrada e @ copacidade de
filtragio & eliminagio ficam francamentz diminuldas com o
passar dos anos ™. As alteragies dn composigio hidro-
electroliticas que surgem sdo também devidas & diminuiglio
da produgiio de renina bem come & diminuiglio da eficiéncia
da aldosterons sobre o tubulo distal ™ {tabela9) .

O aparetho reprdtiutos, quer masculine quer feminino, sofre
acentusdas alitrepdes em fungo da perda propressiva de
regulagic newro-tumoral. Mo homem, este alieracio
envolve ™™ ’

-Dilntagdio do pristata, par

proliferacio celular .

- Diminuigie da libido resultante da redugie dos
androgénios ¢ redugdo da capacidede erfcbil, associeda a
doenga vasgular, alteragdes do sistémn nervoso auténomo &
utilizago de outros medicamentos (co-morbilidades)

- Atraso ne erecgio, diminuigio da imtensidade do orgasmao,
redugio do volume de gjaculncio

pumento da velocidade de

Nu mulher, os alterngies do sistema reprodutor tém inicio
nlrma fas: muito mais precoce da vida {menopausa),
envolvendn":

- Dimminuigfio da espessum e cmbraquecimento de pela

- Becure vaginal, o que predispde o desenvolvimento de
eritemas ¢ atrofia vaginal e alteraglo da posigiio do dtero e
do eervix;

- Aumento do pH vaginal e redugio do fluxe sangnineo

- Mos owvirios verifico-se perde de células foliculares,
granulosas eda teca

Table 9 - Main urinary changes in the elderly (GFR = Glomerular Filtration Rate) ™
Tabela 9 - Principais alteragdes da fungiio urindria no idoso (GFR-Intensidade de filtrago glomerular)™ "

Mechinnisin
Glomemuli degenemtion with nefron loss end renal
fibrosis <* permeability increases

+
1..

SErped el Synproms

arteriolar afferent and efferent atrophy . direct
channels between erterioles are formed
[compensaiory mechanism)

surfice ares and GFR

protein in the orine |

~ Heducton of tubular functon in the TIEK ascending

link of Henle's loop and reduction of aldosterone pod] 1

regbzortion of salt and water, and potassium

_ refin secretion seoretion
Reduction of the bladder contractility and esficter
contrd in the wetra Urinary incontinencs

Hipemctivity of the detrusor mscle

M ecanismne
Degencragio do glomémalo com perds de nefrimios e
fibrose renal <*aumento da permeabilidasde

Sinais e Sinfomas

M tmofia orteriolar aferente = eferente. Formagio
de canais direcios entre a8 prieriolas {mecanismo
compensatina)

da drea de sperficie o da GFR

Proteinas ne guring :

Redugfo dr fungdo ubular na zona ascendenie da

ansa de Heale e diminuigio da producio de| J  da reabsorgio de sal e Ggua, & da secregio de
aldoglesoni € de renina potissio
Redugio da contractilidade dn bexiga e de controle
dos esfinteres da uretra) Incontinéncin Urindria
Hiperactividede do milseulo detrsor

L




Special Pharmacological and Pharmacotherapeutics
features of Ageing pharmacokinetical changes in the

glderdy.

Agelng determines, for most individuals, changes in
physiological responses to drugs, affecting the
pharmacokinetic parameters {Table 9) ™,

The risk of drug toxicity in the elderly is increased,
meaning that it is necessary to adgeuate dosis and
monifor the action of drugs, specially in certain cases™
™ Benzodiazepines and hypnotics halflife is
increased from 50 to 1 50% between 30 and 70 years of
age. The decline of renal and liver function contributes
in reduce the elimination rate of these compounds and
there is also an increase in its distribution volume ™
Hypertension therapeutics are guite common in the
elderly. However, the occurring  pharmacokinetic and
pharmecodynamic changes recommend special care in
choosing the right medicines. Thiazide drugs must alert
to hypokaliemia, hyperglycemia and hyperunimenia,
since elderly frequently suffer from archytmia, type I1
disbetes and gout "' Betn-blockers are potentially
dangerous in patiests with respiratory disease. These
patients taking anti-hypertensive medication should be
strictly controlled to avoid orthostatic hypotension
[103]). Digoxin is frequently used for heart faiture.
However, its clearance is decreased in gerintric patients
and its half-life may be increased up to 50%.
Hypokaliemia, hypomagnesaemia, hypoxia and
atherosclerosis lead to an incressed incidence of
arrhythmias in old patients treated with digitalis. Other

toxic effects, including delusion, visual impairment -

(L]

and endocrine abnormalities may also occur
Pain is frequently treated with non-steroids anti-
inflammetory drugs (NSAID). However these tend to
originate toxic effects, such as peptic ulcer, fluid
retention, kidney damage and heart failure, Renal
impaiment reduces drugs clearance, which remains in
the body for longer in periods, aggravating the
nephropathy.  Anti-inflammatory  steroids are an
excellent alternative when NSAID are contraindicated.
However these promote osteoporosis, a well known
complicant pethology in ageing "™

Agrisy patbmphyealogy
Sirboperniigung

Egeifierinens

Particolaridades Farmacolfgicas e
Farmacoterapguticas do  Envelhecimento -
alteragdes farmacocinéticas no idoso.

O envelhecimento determina, para a maiora dos
individuos, alteragfes nas respostas fisiologicas aos
farmacos, afectando necessiriamente os parimetros
farmacocinéticos (tabela 103",

O risco de toxicidede medicamentosa no idoso estd
aumentado, o que significa ser necessino a um ajuste
da dose e & monitorizagio da acgio dos firmacos,
especialmente em alguns casos ™ ™, O tempo de
semi-vida das benzodiazepinas e hipodticos aumenta
de 50 a 150% entre oz 30 e os 70 anos de idade, O
declinio da fungio renal e hepdtica contribuem para a
redugio da velocidade de eliminaclo destes
compostos. Verifica-se também um aumento do sen
velume de distribuigiio. ™.

O tratamento da hipertensfio no idoso ¢ bastonte
corrente. No entanto, devido ds alteragdes
farmacocinéticas e farmacodindmices anterormente
mencionadas, deve sempre ser prestado especial
cuidado na escolha e prescrigio dos medicamentos, Na
escolha de firmacos tinzidicos, devemos estar alerta
paa o risco de  hipocaliemia, hiperglicémia e
hiperurinemia associadas a este prupo terapdutico,
visto que o individuo idoso sofre frequentemente de
arritmia, diabetes tipo IT e gota. Os blogueadores-beta
sd0 potencialmente perigosos em doentes com
patologia respiratorin. O doente idoso sujeito a

‘medicagiio anti-hipertensiva deve ser controlado

rigorosamente de modo a evitar a hipotensio
ortostitics. "™ A digoxina é um farmaco wilizado no
tratamento da insuficiéncia cardiscd, No entanto a sua
depuraciio diminui nos grupos etirios mais avangados
e 0 seu tempo de semi-vida pode aumentar até 50% do
seu valor normal. A hipocaliemia, a hipomagnesémia, &
hipoxia e a aterosclerose levam ao sumento da
incidéncia de arritmiss em idosos medicados com
digitilicos. Podem também surgir outros efeitos
toxicos, nomeadamente delirio, alteragbes visuais e
anormalidades endbcrinas, '™

Relativamente ao tratamento da dor, & necessdrio
recomer-se frequentements a anti-inflamatérios nilo
esteroides. Mo entanto estes tendem a desencadear
efeitos tdxicos no idosos, incluindo a Glcers peptidica,
a retengiio de liquidos, e a lesfo renal e cardinca. A
lesfio renal leva a uma menor depuragio destes
firmacos, que a0 permanecerem por mais tempo no
organismo sgravam a nefropatia. Os corticosterbides
sii0 uma boe alternativa em doentes onde o uso de
AINE's estd contra-indicado. Contudo, estes firmacos
promovem & osteoporese, uma patologia complicante
tipica do envelhecimento ™
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Table 10 - Main pharmacokinetic changes occurring with ageing ™™
Tabela 10 - Principais alteragdes farmacocinéticas que ocorrem no envethecimento. ™™

Paramciers Associated changes
Parfimetros Modificagdes associadas
Absortion +  With age, associated to nutrition modifications, changes in
gasirie empiying and, abuse of antiocid akd larative
medicines
1 com a idade, associads a alteragies nutricionais,
Absorgio . ! s
alteragies do esvaziamento pdstrico, obuso de antdcidos
& laxantes
Distribution +  thin body mass, and total waier mass
T fat mess
b serum albumin reducing medicine-protein bonds
4 redugiio da masse magra e da dgua total corporal
Distribuigiio +  reduglio daalbumina sérica— menor ligaciio firmaco
protgina, meior concentregio livie na circulaeio
T oumento da massa porda
Metabolization 4 Probably due to a reduced hepatic blood flow
Metabolizagio 1] possivelmentepela redugio do fluxe sanguinen hepético
... Dlwination V' Creatinine Clearence in proximately 2/3 of elderly
population
Eliminagio .. . .. T ~~ & “clearence da creatining em aproximadamente 2/3 na
populagiio idosa
Conclusions Conclusio

Ageing affects all biologicel systems increasingly
committing their function. However, the progressive
knowledge on this particular pathophysiological
process is contributing in an obvious manner to reduce
the evolution of this process, though inexorably,
increasing life expectancy and their quality. Thus, the
pathophysiology of ageing is a key theme of
prevention of disease associated with the process, but
also health promotion, incleding promotion of
effective therapy.

O envelbecimento afecta todos os sistemas bioldgicos
compromentendo progressivamente a sue fungio.
Contudo, o conhecimento ja scumulado sobre este
processo fisiopatologico especial vem contribuindo
para reduzir de forma evidente o seu progresso, apesar
de inexoravel, sumentando a esperanga de vida bem
como & sua qualidade . Desta forma | a fisiopatologia do
envelhecimento é um tema essencial da prevencio da
doenga essociada ao processo, mas também da
promogio da sadde, incluindo a promogio da
efectividade terapéutica.
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