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he fraction of the population over age 65 is growing at a rapid rate and sin-
ce physiologic aging does not always parallel with chronologic aging, the el-
derly constitute a particularly heterogenous patient population. Drug usage

patterns normally change as a result of the increasing incidence of various diseases
with age and the tendency to excessive prescribing for patients in nursing homes.1

Important changes in responses to some drugs occur with increasing age, while for
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AABBSSTTRRAACCTT  Patients ≥65 years old are 9-12% of the population and consume more drugs than
younger population. Functional capacity of the major organ systems declines as age increases, re-
sulting in altered pharmacokinetics of some drugs. Diminished/blunted homeostatic responses and
altered drug-receptor interactions result in pharmacodynamic changes, which makes the elderly
more sensitive to drug action. Geriatric patients use approximately 3-5 drugs daily; addition of non-
prescribed, herbal medications (ginseng, gingko biloba, glucosamine etc.) under the scope of inte-
grative medicine inevitably increases this number. Use of more than five drugs concurrently
increases the incidence of adverse drug reactions and/or drug-drug interactions up to 100%. While
prescribing in elderly, careful drug history including the use of vitamins and herbal medications
should be taken to prevent any potential drug interactions. This article is focused on the alterations
in drug pharmacokinetics and pharmacodynamics in elderly, basic principles of prescribing and in-
tegrative medical approaches in advanced age.
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ÖÖZZEETT  Yaşlılar nüfusun %9-12’sini oluşturur ve genç nüfusa oranla ilaç kullanımı daha yüksektir.
Yaş ilerledikçe büyük organlarda fonksiyonel kapasite azalmaya başlar ve bu durum bazı ilaçların
farmakokinetiğinde değişikliklere neden olur. Farmakokinetik değişikliklerle birlikte homeostatik
refleks yanıtın azalması/körleşmesi ve ilaç-reseptör etkileşmesindeki değişikliklere bağlı olarak
farmakodinamik değişiklikler devreye girer, bu nedenle geriatrik hastaların bazı ilaçları etkileirn
karşı daha duyarlı olduğu dikkati çekmektedir. Yaşlıda günde 3-5 ilaç kullanılmaktadır, ancak bu
ilaçlara bütünleyici tıp kapsamında reçetesiz kullanılan ve bitkisel olanlar (ginseng, gingko biloba,
glukozamin vb) eklendiğinde sayının daha çok artması kaçınılmazdır. Bir hasta beşten fazla ilaç
kullanıyorsa advers ilaç reaksiyonu ve/veya ilaç-ilaç etkileşmesi görülme sıklığı %100’e çıkar. Bu
nedenle yaşlıda ilaç reçete ederken potansiyel ilaç etkileşmelerini önleyebilmek için detaylı bir ilaç
sorgulaması yapılmalı, kullandığı vitaminler ve bitkisel ilaçlar da sorulmalıdır. Bu makalede yaşlıda
farmakokinetik ve farmakodinamik değişiklikler, ilaç kullanımındaki temel prensipler ve ileri yaşta
bütünleyici tıp uygulamalarının yeri gibi konulara değinilecektir.
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ot her drugs age-re la ted chan ges are mi ni mal. If pres cri -
bed to o lar ge in do sa ge and/or to o fre qu ently, drugs gi -
ven to rec tify, ame li o ra te or pal li a te the symptoms of the
el derly may sig ni fi cantly comp li ca te the un derl ying
chan ges in du ced by se nes cen ce. Among the se chan ges
as so ci a ted with aging are the al te red phar ma co ki ne tics
and phar ma cody na mics of par ti cu lar drugs. The he alth
prac ti ti o ners in char ge of ol der pe op le sho uld be awa re
of the se chan ges in phar ma co lo gic res pon se and be pre-
pa red for how to de al with the se chan ges.

PHARMACOKINETIC CHANGES
ASSOCIATED WITH AGING

Func ti o nal ca pa city of most of the ma jor or gan systems
tends to dec li ne with “nor ma l” aging and this re sults in
chan ges of ma jor phar ma co ki ne tic cha rac te ris tics of so -
me drugs, na mely ab sorp ti on, dis tri bu ti on, me ta bo lism
and eli mi na ti on.2,3 Many of the se chan ges are in de pen -
dent of of the mul tip le di se a ses ex pec ted in the el derly
and for the phar ma co lo gists and the cli ni ci an, the most
im por tant of the se is the dec re a se in re nal func ti on. 

Ab sorp ti on: El derly per sons ex hi bit se ve ral al te ra -
ti ons in gas tro in tes ti nal func ti on that might re sult in im-
pa i red or de la yed ab sorp ti on of a drug; na mely in cre a ses
in gas tric pH and dec re a ses in the ab sorp ti ve sur fa ce,
splanc hic blo od flow and gas tro in tes ti nal mo ti lity.3 Con-
di ti ons such as al te red nut ri ti o nal ha bits and gre a ter con-
sump ti on of non pres crip ti on drugs (an ta cids, la xa ti ves
etc.) may al so al ter the ra te at which so me drugs are ab-
sor bed. Des pi te the se ex pec ted al te ra ti ons, the re is litt le
evi den ce that drug ab sorp ti on may al ter grossly with in-
cre a sing age.

Dis tri bu ti on. Le an body mass and both to tal and
per cen ta ge body wa ter are re du ced, whi le fat as a per-
cen ta ge of body mass is in cre a sed in the el derly.4 Di u re -
tics and po or oral in ta ke wor sen the dec re a sed body
wa ter. Be ca u se of the se al te ra ti ons, in ge ne ral the vo lu -
me of dis tri bu ti on for wa ter-so lub le, hydrop hi lic drugs
(e.g. di go xin, an tip yri ne, et ha nol) dec re a se and tho se for
li pid-so lub le, li pop hi lic drugs (e.g. ben zo di a ze pins li ke
di a ze pam and thi o pent hal so di um) in cre a se.4 Sin ce the
stan dart do se is ba sed simply on to tal body we ight or
sur fa ce are a, the se chan ges in vo lu mes of dis tri bu ti on
may le ad to hig her or lo wer plas ma con cen tra ti ons fol-
lo wing drug ad mi nis tra ti on in ol der pe op le. The re is
usu ally a dec re a se in se rum al bu min which binds many
drugs, es pe ci ally we ak acids (e.g. war fa rin, pheny to in,
ace ta zo la mi de, val pro ic acid, sa licy la te); thus the ra ti o of

bo und to fre e drug may be sig ni fi cantly al te red. Ho we -
ver, fre e drug al so go es to me ta bo lism and cle a ran ce and
in cre a ses in un bo und drug con cen tra ti on may tend to
pro du ce to xi city only if/when the func ti on of or gans re-
s pon sib le for the me ta bo lism and cle a ran ce, na mely li ver
and the kid neys, is im pa i red.5 For this re a son, the ste -
ady-sta te ef fects of a ma in te nan ce do sa ge re gi men in the
el derly sho uld not be al te red by the se fac tors alo ne; ho -
we ver, the lo a ding do se of so me drugs (e.g. di go xin) sho -
uld be re du ced be ca u se of the dec re a sed ap pa rent
vo lu me of dis tri bu ti on.

Me ta bo lism. The ca pa city of the li ver do es not de-
c li ne con sis tently with age to af fect drug me ta bo lism.
Ma jor chan ges in drug me ta bo lism in the el derly ari se
from thre e ma in to pics: i. the dec re a sed li ver blo od flow,
an im por tant va ri ab le in the cle a ran ce of drugs ha ving a
high he pa tic ex trac ti on ra ti o and the re fo re a high first-
pass ef fect (e.g. li do ca i ne, β-bloc kers, nar co tic anal ge -
sics); ii. the dec li ne in the li vers’s abi lity to re co ver from
in jury, for examp le that ca u sed by al co hol or vi ral he pa -
ti tis; ii i. mal nut ri ti on and di se a ses that af fect he pa tic
func ti on (e.g. con ges ti ve he art fa i lu re furt her com pro -
mi ses he pa tic blo od flow).6

Eli mi na ti on. Sin ce the kid ney is the ma jor or gan for
cle a ran ce of drugs from the body, the most  con sis tent
ef fect of age on phar ma co ki ne tics is the age-re la ted de-
c re a se in re nal func ti o nal ca pa city which is mar kedly de-
c re a sed if the el derly pa ti ent is al so dehy dra ted.  The
prac ti cal re sult of this chan ge is mar ked pro lon ga ti on of
the half-li fe of so me many drugs and the pos si bi lity of
ac cu mu la ti on to po ten ti al to xic le vels if do sa ge is not re-
du ced or the do sa ge in ter val is not pro lon ged. Drugs
with pre do mi nantly re nal eli mi na ti on and po ten ti ally
to xic ef fects in the el derly inc lu de ami nogl yco si des, lit -
hi um, aman ta di ne, di go xin and so me nons te ro i dal an ti -
inf la ma tory drug; al so drugs with po ten ti ally to xic
me ta bo li tes that are ex cre ted by the kid ney, such as me -
pe ri di ne, may po ten ti ally be ha zar do us in the ol der pe -
op le.3 Whi le pres cri bing such drugs, physi ci ans are
re com men ded to ma ke a ro ugh cor rec ti on of the yo ung
adult do sa ge by using Cock croft-Ga ult for mu la, which
is app li cab le to pa ti ents bet we en age 40-80 (Cre a ti ni ne
cle a ran ce in mL/min = [140−age] x we ight in kg / se rum
cre a ti ni ne in mg/dL x 72).3 The re sult sho uld be mul tip -
li ed by 0.85 for wo men. If Cock croft-Ga ult equ a ti on pre-
dicts a cre a ti ni ne cle a ran ce of 45 mL/min, this in di ca tes
the ne ed for mo re than 50% re duc ti on in do se or  two ti -
mes in cre a se in do se in ter val.
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PHARMACODYNAMIC CHANGES
ASSOCIATED WITH AGING

With in cre a sing age the re is an in cre a sed in to le ran ce to
drugs as a re sult of al te red in te rac ti on of the drugs with
the ir re cep tors at the tar get or gan. Al te red res pon se may
be du e to dep le ti on of ne u rot rans mit ters (e.g. acetyl cho -
li ne, do pa mi ne, se ro to ni ne), pre sen ce of di se a se or phys-
i o lo gic chan ges. Al te red end-or gan sen si ti vity may re sult
in an exag ge ra ted phar ma co lo gic res pon se, as se en with
the bar bi tu ra tes and ben zo di a ze pins, or di mi nis hed
phar ma co lo gic res pon se, as se en with the β-bloc kers, β-
ago nists and cal ci um chan nel bloc kers.7 Cer ta in ho me -
os ta tic con trol mec ha nisms ap pe ar to be blun ted in the
el derly. In the car di o vas cu lar system, ave ra ge blo od
pres su re go es up with age, ho we ver, the in ci den ce of
sympto ma tic ort hos ta tic hypo ten si on al so in cre a ses mar -
kedly; this is par ti cu larly im por tant for so me an tihy per -
ten si ve drugs al re ady ca u sing pos tu ral hypo ten si on (e.g.
α-bloc kers, di rect va so di la tors), thus it is be ne fi ci al to
check for ort hos ta tic hypo ten si on on every vi sit. Tem pe -
ra tu re re gu la ti on is al so im pa i red and hypot her mi a is po -
orly to le ra ted in the el derly.

Be ha vi o ral and li fest yle chan ges may al so af fect
drug ac ti on in the el derly. So me of the se (e.g. for get ting
to ta ke one’s pills) are the re sult of cog ni ti ve chan ges as-
so ci a ted with vas cu lar or ot her pat ho lo gi es. Ot her re la -
te to eco no mic stres ses as so ci a ted with the re du ced
in co me and pos sib le in cre a ses in the ex pen ses du e to ill-
ness. One of the most im por tant chan ges is the loss of a
spo u se or le a ving of kids from the ho u se.

GUIDELINES FOR GERIATRIC PRESCRIBING

The qu a lity of li fe in el derly pa ti ents can be gre atly im-
pro ved and li fe span can be pro lon ged by the ra ti o nal
use of drugs, ho we ver, the re are se ve ral prac ti cal as pects
and a few prin cip les of ge ri at ric phar ma co logy that the
pres cri bers must ta ke in to ac co unt.2,3,7

Eva lu a te the ne ed for drug the rapy. Not all di se -
a ses aff lic ting the el derly re qu i re drug tre at ment. Pres -
cri be only for spe ci fic and ra ti o nal in di ca ti ons (e.g. do
not pres cri be omep ra zo le for dyspep si a)

Ta ke a ca re ful his tory of ha bits and drug use. Pa-
ti ents may re ce i ve pres crip ti ons from se ve ral physi ci ans.
The di se a se to be tre a ted may be drug-in du ced or drugs
be ing ta ken may le ad to in te rac ti ons with drugs to be
pres cri bed. Know led ge of exis ting the rapy, both pres -
cri bed and non pres cri bed, helps pre vent po ten ti al drug

in te rac ti ons. “Over-the-co un ter (OTC)” drug use sho uld
be qu es ti o ned, sin ce so me may ha ve po ten ti al an tic ho li -
ner gic ef fects and may re sult in uri nary re ten ti on, con-
s ti pa ti on, dry eyes and mo uth, gla u co ma, con fu si on,
be ha vi o ral chan ges, me mory loss or ag gre va ti on of de-
men ti a in the el derly. Her bal me di ca ti ons ha ve par ti cu -
lar im por tan ce, be ca u se so me may in cre a se the risk of
ble e ding (e.g. ging ko bi lo ba, gar lic).8

Know the phar ma co logy of the drug pres cri bed.
Awa re ness of age-re la ted chan ges in drug dis po si ti on
and drug res pon se is help ful.

“Start low, go slo w”. The stan dart do se is of ten
to o lar ge for el derly pa ti ents. In ge ne ral, de fi ne the go al
of drug the rapy, be gin with re la ti vely small do ses and
tit ra te drug do sa ge with the pa ti ent res pon se de si red.
Opi o ids and ben zo di a ze pins may ne ed to be down-tit ra -
ted. Use small do ses of a short ac ting drug, mo re fre qu -
ently, un til pa ti ent is sta bi li zed on it, then switch to a
lon ger ac ting. For star ters, typi cally use half of the smal l-
est tab let si ze ava i lab le. Wa it at le ast thre e half-li ves (ad-
jus ted for age) be fo re in cre a sing the do se. For drugs with
nar row the ra u pe tic in dex (e.g. di go xin, the ophy lli ne, lit -
hi um), pre fer the ra u pe tic drug mo ni to ring if pos sib le.

Simp lify the re gi men and en co u ra ge comp li an -
ce. For mul tip le pres crip ti on, use drugs that can be ta ken
at the sa me ti me of day and try to avo id in ter mit tant
sche du les, on ce- or twi ce-da i liy do sa ge is ide al. La bel
drug con ta i ners and la bels on pres crip ti on bott les sho -
uld be lar ge eno ugh for the el derly pa ti ent with di mi -
nis hed vi si on. Avo id li qu id me di ca ti ons that are to be
me a su red out “by the spo on fu l” in pa ti ents with any type
of tre mor or mo tor di sa bi lity; ins te ad use pe di at ric do s-
ing syrin ges. Be ca u se of the dec re a sed pro duc ti on of sa -
li va, ol der pa ti ents of ten ha ve dif fi culty swal lo wing lar ge
tab lets. “Child pro o f” con ta i ners are inap prop ri a te for the
pa ti ents with art hri tis. Exp la in why the drug is be ing
pres cri bed to the pa ti ent and the ca re gi ver.

Re gu larly re vi ew the tre at ment plan and dis con -
ti nu e drugs no lon ger ne e ded. If the me di ca ti on do es not
help wit hin two we eks, stop it. If an el derly per son on
mul tip le drugs be co mes na u se a or con fu sed, it is pro ba-
bly a drug si de ef fect; if the pa ti ent be co mes dehy dra -
ted, re du ce me di ca ti on do ses.

INTEGRATIVE MEDICINE IN ADVANCED AGE

In teg ra ti ve the ra pi es com pri se a va ri ety of nonp har ma -
co lo gic met hods that pro vi de pa in, an xi ety and symptom
ma na ge ment. Long re fer red to as “comp le men tary and
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al ter na ti ve me di ci ne ”, the se met hods inc lu de mas sa ge
and aro mat he rapy, acu punc tu re and acup res su re, gu i ded
ima gery, exer ci ses li ke yo ga, Ta i Chi and Qi gong, mu sic,
acu to nics (so und he a ling), ref le xo logy, crystal the rapy,
energy the ra pi es li ke Re i ki, ho me o pathy, her bal me di ci -
ne and phytot he rapy and are now mo re com monly
known as “in teg ra ti ve the ra pi e s” be ca u se they in teg ra te
both tra di ti o nal and non tra di ti o nal tre at ments.9 The go -
al of in teg ra ti ve me di ci ne is to ac hi e ve the best qu a lity of
li fe for pa ti ents and the ir fa mi li es. Ol der adults fre qu ently
use in teg ra ti ve me di ci ne to tre at con di ti ons li ke art hri tis,
back pa in, he art di se a se, al ler gi es, and di a be tes and the
use of in teg ra ti ve me di ci ne in hos pi ce and ho me ca re of
the el derly is ra pidly gro wing.10,11 Sle ep dis tur ban ces are
al so com mon in the el derly; alt ho ugh se ve ral sle ep di sor-
ders can be ef fec ti vely tre a ted with ben zo di a ze pi nes and
ot her tra di ti o nal se da ti ve-hypno tic me di ca ti ons, many

ol der adults are ap pre hen si ve abo ut the sa fety of the se
phar ma co lo gic agents and may pre fer to use comp le -
men tary and al ter na ti ve me di ci ne (e.g. me la to nin, va le -
ri an, St. John’s Wort, pas si on flo wer, Ta i Chi,
acu punc tu re, acup res su re, yo ga, and me di ta ti on).12 Pa ti -
ents of ten use in teg ra ti ve the ra pi es in ad di ti on to mo dern
me di ci ne and are re luc tant to dis cuss them with the ir
physi ci ans. Physi ci ans, nur ses and ge ron to lo gi cal  he alth
ca re pro vi ders sho uld be awa re of the se the ra pi es and
the ir risks and be ne fits. The use of in teg ra ti ve me di ci ne
sho uld be inc lu ded in vi sit his to ri es and dis cus sed in an
ob jec ti ve, non judg men tal man ner to en co u ra ge the pa ti -
ent disc lo su re. Ho we ver; as in ot her are as of he alth ca re,
stu di es in the el derly are con sis tently lac king and the re is
a ma jor ne ed for lar ge and ap prop ri a tely de sig ned stu di -
es to test the ef fec ti ve ness and sa fety of the in teg ra ti ve
tech ni qu es. 
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