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Across the globe over the last few decades, there has been a remarkable increase
in the proportion of the population which is elderly, and this trend is set to continue.
Data from 10 countries that accounted for about 55% of the world population of
6079 million in the year 2000 provide an overview of this significant shift in
demography. Table 1 summarizes the projections for the next 25 years. Hitherto,
increases in life expectancy have been most obvious in the affluent countries;
however, improvements in public health and disease control are also leading to
increases in life expectancy in the less affluent countries. As a result of relatively larger
increases in life expectancy at birth, significant shifts in demography are also expected
in countries that are at present economically less affluent. The number of elderly
people in the world is therefore expected to continue to increase for some consid-
erable time. Interestingly, the most dramatic increases in the proportion of the
population who are elderly are anticipated in countries where total populations are
projected to decrease (such as Japan, Germany and Italy).

The 2001 population census of the UK revealed that since the census of 1951,
the proportion of elderly population above 65 years and 85 years has increased from
16% and 0.4% respectively to 21% and 1.9%, respectively. These changes in
demography will have significant effects on the economics generally as well as on
the provisions for healthcare. Cardiovascular and neurolog ical diseases and cancers
are the most prevalent in the elderly. These three groups of diseases account for
about 54% of the total burden of disease in Europe in terms of disability adjusted
life years. Of the total gross Hospital and Community Health Services expenditure of
£31.9 billion in the year 2001–2002 in the UK, 13% was expended on people aged
65–74 years, 16% on those aged 75–84 years and 10% for people aged 85 years
or more. Furthermore, about 55% of the community prescriptions during 2001 in
the UK were dispensed for the elderly. Cardiovascular and psychoactive drugs
accounted for more than 40% of these prescriptions. In view of many age-related
changes in the pharmacokinetics and pharmacodynamics of a drug, the safe and
effective prescribing of medicines in the elderly will continue to present a major
challenge.

This review provides an overview of the issues relevant to development and clinical
use of drugs in the elderly population, with particular reference to determining the
right dosage and dose regimen and the regulatory requirements that facilitate this
process. It also examines whether, as a result of advancing age per se, the dosing
regimens in the elderly and the frail elderly might be different from those in the non-
elderly.
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Table 1

 

Age-related demography in 2000 and projected changes in 10 major countries

 

Country

2000 Projections for 2025

Population
(millions)

Life
expectancy
at birth
(years)

Total above
80 years
of age (%)

Actual
number of
centenarians

Population
(millions)

Life
expectancy
at birth
(years)

Total above
80 years
of age (%)

Actual 
number of 
centenarians

 

USA 282 76.6 3.3 51 000 350 80.5 4.5 327 000
Japan 127 80.6 3.8 12 000 120 82.8 9.7 176 000
Germany 82 78.1 3.7 7 000 81 81.2 7.8 76 000
UK 60 77.8 4.0 10 000 64 81.1 5.6 56 000
France 59 78.8 3.7 8 000 63 81.8 6.1 69 000
Italy 58 79.1 4.0 5 000 56 81.9 7.9 73 000
China 1269 71.4 0.9 9 000 1453 77.4 2.3 128 000
India 1002 62.5 0.6 1362 70.9 1.2
Indonesia 224 68.0 0.4 300 75.0 1.5
Brazil 176 70.3 0.8 218 76.5 2.1
Total for the

10 countries

3339 1.33 4067 2.56

 

Source: US Census Bureau, International Data Base, August 2004.

 

Pattern of drug usage in the elderly

 

Before discussing the impact of any age-related changes
in drug response and the current regulatory framework
supporting the development of drugs in the elderly, it is
worth asking whether the medications already available
are used appropriately in this population. The broad
aims of treatment in this group are improving morbidity
and prolonging survival without any adverse effect on
quality of life. A number of studies have reported on the
use of inappropriate medications in the elderly while
others have focused on underutilization of appropriate
medications. Such prescribing patterns have important
consequences in terms of frequencies of adverse drug
reactions (ADRs), hospitalizations and mortality in the
elderly as well as implications for healthcare and eco-
nomic resources.

A PubMed search by the author in February 2004,
using the combination of key words ‘inappropriate use
of drugs’ and ‘elderly’, retrieved 372 citations (although
each citation was not individually scrutinized). In one
study of 603 hospitalized patients with a mean age of
79 years, a total of 376 patients (62%) were discharged
on digoxin. There was no indication for its use in 223
(37%) patients. Half of the patients in whom digoxin
was not indicated were actually given the drug. Further-
more, 38 (29%) of the 132 patients without an indication
and not already on digoxin were initiated on it [1].

Onder 

 

et al.

 

 have reported that during their hospital stay,
837 (14.6%) of 5734 patients (mean age 79 years)
admitted to geriatric or internal medicine wards received
one or more medications classified as inappropriate on
the basis of Beers criteria [2]. Ticlopidine (

 

n

 

 = 346) was
the most frequently used medication, followed by
digoxin (

 

n

 

 = 174) and amitriptyline (

 

n

 

 = 113). The par-
ticular drugs used inappropriately vary from time to
time and from hospital to hospital. However, all studies
reveal that a large number of drugs are prescribed inap-
propriately to the elderly.

The most important determinant of the risk of
receiving an inappropriate medication is the number of
drugs being taken. One multicentre study during the
period 1988 and 1997 reported 1704 ADRs in 28 411
patients consecutively admitted to participating centres
[3]. In 964 cases (3.4% of all admissions), ADRs were
the cause of these hospital admissions. Of these, 187
ADRs were classified as severe. The mean age of the
patients was 70 

 

±

 

 16 years. In 397 frail elderly inpa-
tients (46.4% were aged 

 

≥

 

75 years), Hanlon 

 

et al.

 

reported that 365 patients had at least one medication
rated as inappropriate [4]. Some of the most common
problems involved expensive drugs (70.0%) and
impractical (55.2%) or incorrect directions for use
(37.5%). Other problems related to dose and interac-
tions. In this study, 169 patients were taking drugs for



 

R. R. Shah

 

454

 

58

 

:5

 

Br J Clin Pharmacol

 

which there was no indication. A wide range of drug
classes was implicated in inappropriate use. These
included cardiovascular (10.77%), gastrointestinal
(9.12%), central nervous system (4.22%), respiratory
(4.11%), hormones (4.01%), blood products (3.36%)
and antimicrobials (2.56%) among others. In terms of
number of patients involved, the most common drug
classes used inappropriately were gastric (50.6% of
patients), cardiovascular (47.6%) and central nervous
system (23.9%) drugs.

In contrast to inappropriate use, there is also a serious
problem of underutilization of appropriate medications.
‘Statin’ therapy is known to be associated with reduced
mortality in all age groups, including very elderly indi-
viduals, with significant coronary artery disease. Elderly
patients were significantly less likely to receive ‘statins’
than younger patients (

 

<

 

 65 years 28.0%, 65–79 years
21.1%, and 

 

≥

 

80 years 19.8%) [5]. Similar underuse of
‘statin’ was reported in another study of 622 eligible
patients with previously established coronary artery dis-
ease and hyperlipidaemia. Only 230 (37%) of these
patients had received these hypolipidaemic drugs [6].
One of the studies has provided further worrisome evi-
dence showing that the elderly 

 

>

 

65 years old as well as
females were less likely to be prescribed aspirin, 

 

b

 

-
blocker and a statin in the secondary prevention of
ischaemic heart disease in primary care [7]. The concern
from these observations arises from the fact that older
patients receive a greater absolute risk reduction than
younger individuals, and yet they were less likely to
receive a ‘statin’ therapy. A study on the use of lipid-
lowering drugs in the UK revealed similar trends.
Although the use of ‘statins’ had increased over time,
33% of these patients were still receiving only an equiv-
alent of 

 

<

 

20 mg simvastatin daily. In 1998, the odds
ratios for receiving a ‘statin’ therapy were 1 in the age
band 55–64 years, 0.64 in the age band 65–74 years and
0.16 in the age band 75–84 years. This age effect was
similar in those with and those without a major comor-
bidity [8].

Similarly, underuse of effective medicines in the eld-
erly has been reported with antihypertensive drugs [9]
and antiplatelet or anticoagulant therapy [7, 10, 11]. 

 

b

 

-
Blockers following acute myocardial infarction (AMI)
[7, 12] are also underused but this seems to have
improved recently [13]. Underinvestigation and under-
treatment of chronic heart failure have been shown to
persist. Failure to treat elderly patients with angiotensin
converting enzyme (ACE) inhibitors is associated with
a mortality that appears to be greater than that seen in
the placebo arms of large clinical trials of ACE inhibitor
therapy [14, 15].

Jackson 

 

et al.

 

 have provided a number of reasons for
suboptimal prescribing [16] while others have com-
mented on improving quality of prescribing and access
of the elderly to the medications [17]. While underpre-
scribing is a problem that can be remedied through phy-
sician education, noncompliance by patients themselves
continues to present a challenge in the care of not only
the elderly but also their younger counterparts. Persis-
tence with ‘statin’ therapy in older patients declines
substantially over time, with the greatest drop occurring
in the first 6 months of starting treatment [18, 19]. With
regard to the use of 

 

b

 

-blockers, patients not discharged
on 

 

b

 

-blockers are unlikely to be started on them as
outpatients. For patients who are discharged on 

 

b

 

-
blockers after AMI, there is a significant decline in use
after discharge [20].

 

Age-related changes in pharmacology

 

Pharmacokinetics and pharmacodynamics of a drug are
the two determinants of its dose–response relationship,
both of which exhibit large interindividual variability.
This variability arises from their modulation by factors
such as age, gender, comedications or comorbidity (e.g.
renal or hepatic dysfunction). There may be age-related
up- or downregulation of pharmacological targets
responsible for the pharmacodynamic effects of a drug.
This variability also arises from genetic influences that
regulate the expression of drug-metabolizing enzymes
or the responsiveness of various pharmacological tar-
gets. The presence of variant alleles often exerts influ-
ences that usually far exceed those due to the other
covariates stated above.

Contrary to what is often claimed, there is little evi-
dence to demonstrate that age 

 

per se

 

 has a major effect
on the pharmacology of a drug. Table 2 summarizes the
prevalence of various covariates that influence the phar-
macokinetics of a drug in the elderly relative to young

 

Table 2

 

Relative prevalence of various covariates that influence the 
pharmacokinetics

 

Covariate Young adults Elderly

 

Liver disease/CYP3A4 + ++
Genetics/CYP2D6 + +
Genetics/CYP2C9/19 + +
Renal disease + +++
Cardiac disease – ++
Polypharmacy + ++++
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adults. Therefore, any age-related differences in the
prevalence of these covariates may be expected to give
rise to age-related changes in the pharmacology of the
drug when the group is evaluated as a whole. Unless
these changes are taken into account when prescribing,
they may impact adversely on dose–response relation-
ship and therefore, on the clinical efficacy, safety and
risk–benefit of a drug.

 

Age-related changes in pharmacokinetics

 

One of the earliest, and perhaps the most striking,
example of a drug that provided alarming evidence of
age-related changes in its pharmacokinetics was
benoxaprofen.

Benoxaprofen was a novel nonsteroidal anti-inflam-
matory drug (NSAID) introduced in 1980. The drug was
launched amidst massive publicity and its marketing
was ‘explosive’. The resulting uptake of the drug in
clinical practice was overwhelming. Not surprisingly,
reports of serious ADRs (photosensitivity and hepato-
toxicity in this case) began to appear at an alarming rate.
Benoxaprofen-induced hepatic injury was typically a
progressive painless jaundice (cholestasis with little or
no necrosis) and usually associated with nephrotoxicity.
Its incidence was estimated to be about 2–4% and the
mortality rate high. By August 1982, there were 61
fatalities reported and the marketing authorization of the
drug was suspended immediately. Age was identified as
a risk factor. Subsequent studies in otherwise healthy
individuals showed that the half-life of benoxaprofen
was of the order of 110 h in the elderly [21, 22] in
contrast to 16–35 h in young adults [22, 23]. Renal
insufficiency did not induce major changes in pharma-
cokinetic parameters in one study [24] while another
reported a correlation between creatinine clearance and
elimination half-life and plasma clearance of benox-
aprofen [25]. Of the administered dose of benoxaprofen,
only 13.9% is recovered in the urine over a 24-h period.
However, since renal clearance accounts for 33% of
total clearance, benoxaprofen kinetics may be influ-
enced by severe renal impairment [24].

Terodiline is a more recent example of a drug with
similar age-related differences in its half-life. The mean
half-life of terodiline was 131 h (range 63–237) in the
elderly in contrast to only 57 h (range 35–72) in young
adults [26]. It was originally marketed in Sweden in
1965 as an antianginal drug. However, severe urinary
retention proved to be a frequent side-effect and it was
therefore re-developed in the late 1980s for the treat-
ment of urinary incontinence. Approved in July 1986, it
was withdrawn from the market in September 1991 fol-
lowing 69 reports of serious cardiac arrhythmias asso-

ciated with its use. This included torsade de pointes
(TdP), a unique form of polymorphic ventricular tachy-
cardia associated with prolongation of the QTc interval.
An analysis of predisposing factors in the 69 reports
identified an age of 

 

>

 

75 years as one of the potential
risk factors.

There are very few drugs for which such striking
differences in half-lives between the elderly and the
non-elderly have been demonstrated in absence of any
obvious cause. However, the presence of various mod-
ulating factors could explain the observed age-related
differences in the pharmacokinetics of other drugs [27,
28]. Age-related changes in pharmacokinetics due to
impaired drug clearance are a frequent cause of, and
major contributor to, drug toxicity in the elderly.

Drug distribution may be altered in the elderly. The
relative lipid content increases markedly with age. Body
fat increases from 19% at the age of 25 to 35% at the
age of 70 years in males and from 33% to 49%, respec-
tively, in females [29]. Total body water content and lean
body mass also fall with advancing age. The effect of
these changes is to decrease the volume of distribution
of polar (water-soluble) drugs such as cimetidine and
morphine and to increase that of nonpolar (lipid-solu-
ble) drugs such as benzodiazepines. Increase in volume
of distribution often results in retention and prolonged
half-lives of the drugs concerned. For most drugs, how-
ever, these age-related changes in body composition do
not have a significant effect on volume of distribution
[30].

Serum albumin decreases from 4% in younger adults
to 3.5% in those over 80 years old [31]. The concentra-
tion of 

 

a

 

1

 

-acid glycoprotein that is responsible for bind-
ing many basic drugs tends to increase with age [32].
Changes in plasma proteins can be clinically significant
for drugs with a narrow therapeutic index. However, the
effect of age on protein binding is generally unpredict-
able. Total serum haloperidol levels have been reported
to show a linear relationship with daily dose with no
difference in the total haloperidol level per daily dose
between the elderly and younger adults [33]. However,
in this study of 59 patients aged 50–88 years, the free
fraction increased with age. No doubt, there are a few
other similar examples. In contrast, plasma protein bind-
ing of celecoxib or diclofenac was unaffected by age
[34]. Alterations in plasma protein binding that occur in
the elderly are generally not attributed to age, but rather
to physiological and pathophysiological changes or dis-
ease states that may occur more frequently in the elderly.
In general, only a few drugs show a change of more than
50% in their free fraction in the elderly.

The activity of some drug-metabolizing enzymes
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responsible for phase I oxidation may be impaired in old
age. Phase II conjugation reactions appear to be much
less susceptible. Overall, it is estimated that drug-metab-
olizing capacity is reduced by approximately 30% after
the age of 70 years [35]. Other studies have suggested
that specific activities of phase I drug-metabolizing
enzymes are not reduced with age 

 

per se

 

 and that there
is no change in the enzyme affinity for their substrates
[36]. Rather, an important contribution to reduced
hepatic elimination of drugs comes from reduction in
liver size and blood flow with advancing age [36, 37].
Metabolism could also be impaired due to the presence
of liver disease. Normal liver function is an important
determinant of the activity of CYP3A4 that metabolizes
a large number of drugs widely used clinically. It is an
enzyme that is highly susceptible to liver disease. This
is in contrast to CYP2D6, which is relatively refractory
to liver disease. The susceptibility of other major CYP
drug-metabolizing enzymes appears to be intermediate
between that of CYP3A4 and CYP2D6 [38–41]. Inter-
current stresses such as community-acquired pneumo-
nia, a fracture or hip replacement surgery have been
shown to reduce the activity of aspirin esterase in older
patients [42, 43].

For many of the alleged age-related changes in
protein binding, fat content and drug metabolism, the
evidence is modest and not consistent. By comparison,
age-related deterioration in renal function is more criti-
cal and well characterized. It results in accumulation of
many drugs and/or their metabolites that are cleared
predominantly by the renal route. Glomerular filtration
rate declines with age, with a mean of 35% reduction in
older people compared with their younger counterparts
[44]. Renal tubular function also declines with resulting
impairment of excretion of drugs by active tubular
secretion. Unexpectedly, however, renal disease also
influences the activity of drug-metabolizing enzymes.
Animal studies in chronic renal failure have shown a
major downregulation (40–85%) of hepatic cytochrome
P450-mediated metabolism by specific CYP enzymes.
Phase II reactions such as acetylation and glucuronida-
tion are also involved, with the activity of some enzymes
induced and others inhibited [45]. Animal studies have
also suggested the presence of circulating uraemic fac-
tor(s) in the serum that downregulates the activity of
CYP enzymes by 30–35% secondary to reduced gene
expression [46, 47]. End-stage renal disease is associ-
ated with inhibition of hepatic enzymes exhibiting
genetic polymorphisms such as N-acetyltransferase-2
(NAT-2), which is responsible for the rapid and slow
acetylator phenotypes. This inhibition is reversed by

transplantation [45, 48]. There is substantial evidence
suggesting that it may be possible to remove by dialysis
the inhibitory factors circulating in the serum in end-
stage renal disease patients [45]. Patients with end-stage
renal disease are at an increased risk of drug toxicity
due to reduced activity of the CYP3A enzyme pathway
[49]. Similarly, CYP2D6 activity in man is also com-
promised in parallel with deterioration of renal function
[50]. In patients with end-stage renal disease, the plasma
S/R warfarin ratio is 50% higher than in control group
(0.82 

 

vs.

 

 0.55; 

 

P

 

 

 

<

 

 0.03). There was no correlation
between warfarin dose and plasma S/R warfarin ratio.
This probably reflects a decrease in CYP2C9 activity
[51]. The effect of moderate renal insufficiency on
hepatic drug metabolism is not as well characterized and
requires investigation.

 

Age-related pharmacokinetic changes in perspective

 

When age-related changes in pharmacokinetics are put
in perspective, it is evident that gender, ethnicity or the
genotype of a patient frequently has a far greater effect.
CYP3A4 is responsible for the metabolism of nearly
50% of drugs metabolized by oxidation. The activity of
this enzyme appears to be unaffected by age over the
range of 27–83 years, suggesting that any age-related
changes in the clearance of CYP3A4 substrates are sec-
ondary to changes in liver blood flow, size, or drug-
binding and distribution with ageing [52]. Even the
presence of food in the stomach can markedly alter the
pharmacokinetics of some drugs.

Age-related changes in pharmacokinetics are typi-
cally investigated in a panel of subjects aged 

 

≥

 

65 years
and who are otherwise healthy – a population that is not
easy to find. Subjects who have renal or hepatic impair-
ment are excluded from randomization and the influence
of these two variables is investigated in separate studies.
The pharmacokinetic parameters in this elderly panel
are compared with those from a younger panel (about
30–40 years of age). It is neither possible nor intended
to generalize, but in broad terms, the mean data from a
number of drugs show that changes in pharmacokinetics
due to age 

 

per se

 

 are very modest (of the order of 20–
40%) when compared with the influences of other cova-
riates such as food, gender, comorbidity, comedications
and genetic factors (of the order of 50–300%). There are
of course exceptions to this.

 

Age-related changes in pharmacodynamics

 

Only recently has interindividual variability in pharma-
codynamic response to drugs attracted academic,
regulatory and clinical interest. It is generally acknowl-
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edged that at a given drug concentration, the elderly are
more susceptible to certain pharmacological effects
[53, 54]. These include anticholinergic, dopaminergic
and proarrhythmic effects. It is probable that there is
age-related up- or downregulation in the pharmacolog-
ical responsiveness of the corresponding pharmacolog-
ical targets.

With advancing age, there are changes in central
neurochemical transmission. For example, pre- and
postsynaptic neurochemical markers of the central cho-
linergic system decline [55] while dopamine D2 recep-
tor subtypes decrease [56] and dopamine D1 receptor
subtypes increase [57]. The concentrations of noradren-
aline in the hypothalamus decline [58] whereas
responses to serotonergic drugs vary with advancing
age. Although the total brain serotonin declines with
age, the change is much less evident in the hindbrain
[59, 60]. There is a significant reduction with age not
only in the 5-HT

 

1D

 

 and 5-HT

 

2

 

 serotonin receptor sites
but also in 5-HT

 

2

 

 serotonin binding affinity in the frontal
cortex [61]. Autonomic reflexes are significantly altered
in the older population. 

 

b

 

-Adrenoreceptor sensitivity
declines with age [62], particularly with regard to ino-
tropic and chronotropic responses.

The anticholinergic effects of some antidepressants
and neuroleptic drugs are often responsible for agitation,
confusion, and delirium in the elderly. The use of het-
erocyclic antidepressants in the elderly is frequently
limited by anticholinergic and/or cardiovascular side-
effects. This has resulted in a significant change in the
pattern of antidepressant use in the elderly from tricyclic
antidepressants to selective serotonin reuptake inhibitors
(SSRIs) that are devoid of anticholinergic effects. Apart
from antidepressants, the use of antiarrhythmic therapy
in the elderly is also complicated by their anticholin-
ergic properties. Similarly, tardive dyskinesia has been
strongly associated in the elderly with the use of older
typical neuroleptics with high affinity (blockade) for the
dopamine D2 receptor. Not surprisingly, the elderly are
more sensitive to the autonomic and extrapyramidal
effects of neuroleptics. Newer atypical antipsychotics,
while showing similar efficacy to conventional antipsy-
chotics, induce lower rates of motor disturbances [63]
and are now the preferred class in the elderly. TdP is a
potentially fatal ventricular tachycardia induced by a
number of non-antiarrhythmic drugs that prolong the
QTc interval. Cardiac disease, especially cardiac failure,
is a major risk factor since potassium channels are often
downregulated in diseased myocardium. Apart from the
higher prevalence of cardiac failure in the elderly, it has
been shown that a significant correlation exists between

ageing and prolongation of the QTc interval [64]. Not
surprisingly, age is one of the risk factors for drug-
induced TdP.

 

Pharmacogenetics and the elderly

 

Although not widely appreciated, genetic factors may
play as important a role in the elderly as they may in the
younger population. A number of drug-metabolizing
enzymes are expressed polymorphically in the popula-
tion [65]. The impact of these polymorphisms in the safe
and effective use of drugs in the elderly is most evident
during induction of anticoagulation with warfarin that is
metabolized predominantly by CYP2C9 [66]. Available
data support the view that although the CYP2C9*3/
CYP2C9*3 genotype is associated with dramatic over-
anticoagulation soon after the introduction of oral anti-
coagulants, overdose during the maintenance period is
mostly related to environmental factors [67]. It is also
recognized that interindividual variability in warfarin
sensitivity also originates from environmental factors.
In one study, age and CYP2C9 genotype accounted for
12% and 10% of the variation in warfarin dose require-
ments, respectively [68].

CYP2D6 polymorphism is responsible for the metab-
olism of a large number of cardiovascular and psycho-
active drugs and is therefore of particular relevance to
the use of drugs in the elderly. Studies beginning in
1977 have shown that any given population may be
divided into two phenotypes – extensive metabolizers
(EMs) or poor metabolizers (PMs) – depending on their
ability to mediate CYP2D6-dependent hydroxylation of
the (now obsolete) antihypertensive drug debrisoquine
[69]. Advances in molecular genetics over the last
decade have allowed CYP2D6 metabolic capacity to be
assigned by direct genotyping of the patients. This poly-
morphism results from autosomal recessive inheritance,
in a simple Mendelian fashion, of variant alleles at a
single locus. Those individuals who carry two CYP2D6
inactivating alleles are phenotypic PMs. Within the
EMs, there are two subgroups of particular interest at
either extreme of the EM population distribution. One
subgroup, termed the ultrarapid metabolizers (UMs), is
comprised of individuals possessing multiple copies of
the alleles (CYP2D6*1 and CYP2D6*2) responsible
for normal metabolic capacity [70]. The presence
of two specific CYP2D6 alleles, CYP2D6*35 and
CYP2D6*41, is also thought to confer ultrarapid
metabolizing capacity even in the absence of gene
duplication [71]. The other subgroup, termed the inter-
mediate metabolizers (IMs), is comprised of a heterozy-
gous genotype (‘gene-dose effect’). UMs metabolize
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drugs so avidly that despite being prescribed high doses,
they attain very low concentrations of the parent drug
and high levels of rapidly accumulating metabolites
while IMs display a modest impairment in drug-
metabolizing capacity. The pharmacokinetic conse-
quences arising from CYP2D6 polymorphism are
shown in Table 3.

Age 

 

per se

 

 does not seem to affect or modify genet-
ically determined differences (between EMs and PMs)
in the pharmacokinetics of drugs metabolized by
CYP2D6 and CYP2C19 [72]. The expression of P-
glycoprotein activity, important in the disposition of
many drugs, is also under the control of 

 

MDR1

 

 (multi-
drug resistance) gene and shows considerable interindi-
vidual variability. Interactions at these transporters and/
or P-glycoprotein have explained many drug interactions
previously considered to be bizarre (e.g. convulsions
following coadministration of certain fluoroquinolones
with nonsteroidal anti-inflammatory drugs or loperam-
ide-induced respiratory depression when it is coadmin-
istered with quinidine). In respect of susceptibility to
drug interactions at these sites, there are no reasons to
believe that there are any age-related differences.

Genetic factors also influence the responsiveness of
various pharmacological targets. Their contribution in
the elderly may be so easily overlooked because of the
presence of other comorbidity. Polymorphisms of 

 

b

 

2

 

-
adrenoceptors or of the core promoter of 5-lipoxygenase
(ALOX5) have already been shown to influence the
bronchodilatory response to salbutamol [73, 74] or
ALOX5 inhibitors such as zileuton [75], respectively.
Some 

 

b

 

1

 

-adrenoceptor or 

 

b

 

2

 

-adrenoceptor polymor-
phisms have been related to survival in patients with
cardiac failure [76–78]. Recently, it has been demon-
strated that the presence of specific genetic mutations in
the promoter region of serotonin transporter (5-HTT)
gene is predictive of response to SSRIs. Patients who

had one or two copies of the long variant (homozygous
l/l or heterozygous l/s) had a better therapeutic response
than patients who were homozygous for the short vari-
ant (s/s) [79–81].

From a pharmacogenetic study of antidepressant
intolerance in elderly patients, Murphy 

 

et al.

 

 [82]
reported that discontinuations due to paroxetine-induced
side-effects were strongly associated with 5-HT

 

2A

 

 gen-
otype and that pharmacodynamic differences (5-HT

 

2A

 

variants) appeared to be more important than pharma-
cokinetic differences (CYP2D6 variants). However,
such pharmacogenetic observations are not unique to
any particular age group.

 

Age-related differences in drug safety

 

Adverse drug reactions in the elderly

 

It is often claimed that adverse drug reactions (ADRs)
are more frequent in the elderly. This may be true for a
few drugs, but for most drugs these claims are often
based on inadequate data on drug usage and, hence,
rates per population exposed. Nor do these claims take
into account the role of other contributory factors such
as renal dysfunction or polypharmacy. It is questionable
if age 

 

per se

 

 is a cause of increased risk of ADRs [83,
84].

Spontaneous ADR-reporting systems have many lim-
itations but there is no evidence that reporting is biased
by age or gender. Although about 55% of the drug pre-
scriptions dispensed in the community in 2001 were for
the elderly population, the reporting rates for ADRs
generally in the elderly did not correspond to this level
of exposure. For example, in the year 2000, the UK
Medicines and Healthcare Products Regulatory Agency
(MHRA) received 33 139 spontaneous reports of ADRs.
Of these, 10.6% related to patients aged 

 

≥

 

71 years and
82.2% related to patients aged 

 

£

 

70 years. Age was not
specified on 7.2% of the reports. The corresponding
numbers for the years 2001 and 2002 were 21 465
(15.3%, 77.2% and 7.5%) and 16 279 (19.2%, 71.7%
and 9.1%) reports, respectively. Indeed, female gender
seemed to be a greater risk factor, with nearly 60% of
these reports citing female patients (personal communi-
cation). For example, females are almost twice as likely
to experience drug-induced torsade de pointes (TdP)
[85], hepatotoxicity [86] or nephrotoxicity [87].

The elderly, however, appear to have a higher relative
risk of toxicity associated with a few specific drugs or
specific pharmacological actions. For example, the
reporting rates of terodiline-induced proarrhythmias
were estimated at one case in 22 321 patients below
50 years of age, one in 6464 patients aged 51–60 years,
one in 4772 patients aged 61–70 years and one case in

 

Table 3

 

Pharmacokinetic consequences of CYP2D6 polymorphism

 

Pharmacokinetic parameter
Consequences for the
PM relative to EM

 

Bioavailability 2–5-fold
Systemic exposure

 

C

 

max

 

 2–6-fold
AUC 2–5-fold

Half-life 2–6-fold
Metabolic clearance 0.1–0.5-fold
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2978 patients for those above 71 years. Non-steroidal
anti-inflammatory drugs (NSAIDs), including aspirin in
doses 

 

<

 

500 mg daily, are associated with gastrointesti-
nal haemorrhage. This class of drugs is widely used in
the elderly as well as by the younger population. There
are surprisingly few data on the extent to which age 

 

per
se

 

 might be a risk factor. Available evidence certainly
suggests that the elderly are indeed at a higher relative
and attributable risk [88–93]. The higher risk in the
elderly may be related to the presence of a number of
risk factors such as the use of higher dose, comorbidity
and comedications (such as steroids, other antiplatelet
agents or anticoagulants) [92] or mucosal damage
resulting from 

 

Helicobacter pylori

 

 infection [94]. The
elderly do appear to have a clinically different presen-
tation [95]. Nephrotoxicity due to cycloxygenase-2
selective NSAIDs, for example, is also reportedly more
frequent in the elderly. The median ages of 122 cases of
nephrotoxicity with celecoxib and 142 cases with rofe-
coxib were 72 and 75 years, respectively [87]. However,
the presence of major risk factors such as pre-existing
renal impairment, heart failure, liver dysfunction and the
use of angiotensin converting enzyme (ACE) inhibitors
or diuretics may have contributed greatly in this
population.

 

Drug–drug interactions in the elderly

 

One review of the available studies suggests that up to
30% of hospital patients and 70% of ambulatory patients
could be receiving potentially interacting drugs [96],
accounting for many hospital admissions [97]. In view
of multiple comorbidities, the elderly are at a special
risk of drug–drug interactions since they also consume
a greater number of drugs. In the year 2001, the number
of prescriptions dispensed per head by community phar-
macists in the UK was 4.2 for patients aged 

 

<

 

16 years,
6.6 for those between 16 and 59 years and 28.7 for
patients aged 

 

≥

 

60 years (Department of Health Pre-
scription Statistics, 15 November 2002). The point to be
emphasized is that most important metabolic drug–drug
interactions are independent of the patient’s age 

 

per se

 

.
An analysis of predisposing factors in the 69 reports of
terodiline-induced proarrhythmias identified potential
interactions with concurrent use of cardioactive medica-
tions, diuretics, antidepressants or antipsychotic agents.
A recent study by Juurlink 

 

et al.

 

 makes a number of
valuable points [98]. Apart from excluding age 

 

per se

 

as a risk factor, their data showed a high prevalence of
renal disease (23–59%) and polypharmacy in the eld-
erly. The three drug interactions examined by these
investigators could all be easily explained by mecha-
nisms already known. One of these interactions,

between ACE inhibitors and potassium sparing diuret-
ics, is so well known that it is a matter of great concern
that the combination should have been prescribed to so
many octogenarian patients with a high prevalence of
renal dysfunction!

Since the majority of drugs are metabolized by
CYP2D6, CYP3A4 and CYP2C19, polypharmacy
increases the potential for drug interactions either by
inhibition of drug metabolism or by interference with
nonmetabolic drug clearance processes. Metabolism of
a drug may be inhibited by coadministration of an
inhibitor of drug metabolism or of two substrate drugs
competing for the drug-metabolizing enzyme. The
resulting pharmacokinetic changes can be profound and
of considerable clinical significance if the drug has a
narrow therapeutic index. Studies with dofetilide, qui-
nidine, digoxin and a host of other drugs have identi-
fied renal tubular cation transporters as an important
site of clinically significant drug–drug interactions
[99].

Less well appreciated during the clinical use of drugs
are the drug–drug interactions at the pharmacodynamic
level such as alterations in the responsiveness of phar-
macological targets due to concurrent administration of
two drugs with either agonist or antagonist activities.
Such pharmacodynamic drug–drug interactions are also
proving to be a major source of concern. Frequent con-
current use of two neuroleptics [100] or two QT-
prolonging drugs [101, 102] has been reported. In one
study it was found that at least two neuroleptics were
prescribed simultaneously on 73% of treatment days in
Badajoz (Spain), 46% in Huddinge (Sweden) and 46%
in Tartu (Estonia). The authors’ conclusion that polyp-
harmacy in schizophrenic patients is an international
practice is a matter of clinical concern [103]. The main
finding of another survey was that 27.5% of schizo-
phrenic patients were discharged on an antipsychotic
polypharmacy regimen and yet there was no evidence-
based support for such polypharmacy [104]. When two
neuroleptics are prescribed concurrently, there is a risk
of interactions not only at the pharmacodynamic level
but also at a pharmacokinetic level if they are both
metabolized by the same CYP enzyme, e.g. CYP2D6.
Similarly, most QT-prolonging drugs are metabolized
by CP3A4 and when two QT-prolonging drugs are pre-
scribed concurrently, there is a risk of interactions not
only at the pharmacodynamic level but also at a phar-
macokinetic level.

 

Frail elderly

 

The frail elderly are a unique subgroup of patients
within a subgroup. They probably represent a pheno-
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type at the extreme end of variability in the dose–con-
centration–response relationship of a drug. Although
the term ‘frailty’ is widely used, there is no consensus
on its meaning and no clear guideline(s) for identifying
and describing older adults as frail. The traditional
notion of frailty is an inevitable decline in abilities usu-
ally associated with physical aspects of ageing. More
recent concepts of frailty reflect an interaction between
a number of individual factors and environmental ele-
ments. Interleukin (IL)-6 is a proinflammatory cytokine
that is normally expressed at low levels, except during
infection, trauma, or other stress. IL-6 has been pro-
posed as a mediator of certain of the phenotypic
changes of advanced age, particularly those that resem-
ble chronic inflammatory disease, including frailty
[105]. In cohorts of frail, older individuals, tumour
necrosis factor (TNF)-

 

a

 

 and IL-6 also act as disease
markers. Circulating levels of TNF-

 

a

 

 seem to predict
best the mortality in frail, elderly populations, whereas
IL-6 seems to be a strong marker of risk in healthy,
elderly populations [106].

It is worth emphasizing that frailty can occur at any
age, but clearly, it is highly prevalent in old age. It
confers high risk of disability, hospitalization, and mor-
tality and has often been considered synonymous with
disability, comorbidity, and other characteristics. How-
ever, frailty is not synonymous with either comorbidity
or disability. Rather, comorbidity is thought to be an
aetiological risk factor for frailty and disability is an
outcome thereof. It is now recognized that it may have
a biological basis and be a distinct clinical syndrome
[107, 108]. Lower serum cholesterol levels have been
considered an independent biochemical marker of
frailty in elderly hospitalized patients [109]. Low
serum albumin and iron are also considered markers of
frailty and poor health [110, 111]. Sarcopenia, a term
used to define loss of muscle mass and strength that
occurs with ageing, is believed to play a major role in
the pathogenesis of frailty and functional impairment
that occurs with old age. Frailty aggravates age-related
changes in protein metabolism by inducing increased
catabolism of muscle protein and a decrease in muscle
mass [112].

Not surprisingly, elderly frail individuals may display
profound changes in pharmacokinetics and pharmaco-
dynamics of a drug. Paracetamol clearance expressed
per unit volume of liver showed no difference between
fit young and fit elderly subjects, but it was significantly
reduced in the frail subjects [113]. Plasma aspirin
esterase activity was found to be similar in a group of
healthy elderly adults, a group of young adults and a

group of frail young adults, but was lower in a sample
of frail elderly subjects [114]. In frail elderly people,
this was later shown to be due to a reduction in the
quantity of enzyme present [115]. In a pharmacokinetic
study of oxybutynin, there was a trend towards increas-
ing peak plasma levels and bioavailability with increas-
ing age and frailty. The differences were more apparent
between the active elderly and frail elderly groups than
between the active elderly and young volunteers [116].
A pharmacokinetics and pharmacodynamics study fol-
lowing oral and intravenous administrations of metoclo-
pramide reported that the more frequent sedation
observed in frail elderly might reflect associated phar-
macodynamic changes in specific receptor or target sites
[117]. O’Mahony has reviewed the data showing reduc-
tion in phase 2 drug metabolism in the frail elderly in
comparison with the fit elderly and young elderly [30].
Nutrition and nutritional status may influence the
metabolism of drugs and, conversely, drugs may impede
the nutritional status of individuals. The challenges
posed by the unique phenotype of the frail elderly are
further magnified by inappropriate use and inappropri-
ate medications and other problems associated with this
poor prescribing [4].

Growth hormone has been considered for the thera-
peutic treatment of frailty associated with ageing and
various acute and chronic catabolic conditions. Growth
hormone secretagogues such as capromorelin are being
evaluated for the treatment of musculoskeletal frailty in
elderly adults [118]. An improvement in the protein
status of frail elderly persons will in all likelihood have
consequences for drug response [119].

 

Regulatory framework for the development of drugs 
in the elderly

 

The discussion in Part I of this paper on prescribing
patterns, age-related changes in pharmacology and the
covariates responsible for these changes provides a
helpful background against which to consider the ade-
quacy (or otherwise) of the regulatory framework that
supports drug development in the elderly.

Regulatory authorities have long recognized the roles
of age, gender, ethnicity, genetics, comorbidity and
comedications in influencing the safe and effective use
of medicines. Not surprisingly, they have issued a num-
ber of guidelines to ensure that these factors (and any
others specific to individual drugs) that are relevant to
the choice of correct dose in the elderly are fully
explored during drug development. These guidelines are
listed in Table 4. In light of the influences of these fac-
tors, the recommended dose and dosing regimen require
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justification in the dossier. It is evident that the current
guidelines already recommend investigation of the influ-
ences of important covariates that are over-represented
in the elderly.

From the foregoing discussions, the dosing implica-
tions of the changes in pharmacokinetics, due to genetic
as well as nongenetic influences, are self-evident. Both
nortriptyline (an antidepressant) and perhexiline (an
antianginal) are metabolized by CYP2D6. For therapeu-
tic effect, most UMs require nortriptyline doses of 300–
500 mg daily (even higher in rare individuals) in
contrast to PMs who need only 20–30 mg daily [120].
Perhexiline, marketed at doses of 100 mg three times a
day, was withdrawn from the market in 1988 because of
neuropathy and hepatotoxicity associated with its use.
PMs of CYP2D6 are at a much greater risk of develop-
ing these side-effects. A recent study has shown that safe
doses of perhexiline in UMs, EMs and PMs of CYP2D6
are 300–500 mg, 100–250 mg and 10–25 mg daily,
respectively [121]. Kirchheiner 

 

et al.

 

 have recently
reviewed CYP2D6 and CYP2C19 genotype-based dos-
ing recommendations for antidepressants. Needless to
say that these apply to the elderly as well [122]. Various
guidelines from the European Union’s Committee for
Proprietary Medicinal Products (CPMP) recommend the
sponsors of new chemical entities (NCE) to explore the
impact of genetic factors on the dose–concentration–
response relationship of a drug.

Such is the concern regarding drug interactions
that the CPMP has adopted a guideline on ‘Drug
Interactions’. This guideline makes recommendations
on interaction studies on NCEs on the basis of their
physicochemical, pharmacokinetic and pharmacody-

namic properties as well as on the likelihood of two
drugs being coadministered. It defines an interaction
as clinically relevant (i) when the therapeutic activity
and/or toxicity of a drug is changed, or (ii) when
concomitant use of the two interacting drugs is
likely to occur when used as therapeutically recom-
mended. The US Food and Drug Administration
(FDA) and the Japanese Ministry of Health, Labour
and Welfare (MHLW) have also issued similar
guidelines.

Two guidance notes, however, are of special interest.
The International Conference on Harmonization (ICH)
Note for Guidance on ‘Studies in Support of Special
Populations’ requires that ‘the overall database of the
dossier should be examined for the presence of age-
related differences, e.g. in adverse events rates, in effec-
tiveness, and in dose–response. If these relatively crude
overview analyses show important differences, further
evaluation may be needed’. The ICH guideline on
‘Dose–Response Information to Support Drug Registra-
tion’ requires that ‘In utilizing dose–response informa-
tion, it is important to identify, to the extent possible,
factors that lead to differences in pharmacokinetics of
drugs among individuals, including demographic factors
(e.g. age, gender, race), other diseases (e.g. renal or
hepatic failure), diet, concurrent therapies or individual
characteristics (e.g. weight, body habitus, other drugs,
metabolic differences)’. Both these guidelines, like all
other ICH guidelines, are promulgated and enforced by
the FDA in the USA, CPMP in the EU and the MHLW
in Japan as well as by other non-ICH regulatory
authorities.

In addition to these general guidelines, there is a

 

Table 4

 

Committee for Proprietary Medicinal Products (CPMP) and International Conference on Harmonization (ICH) regulatory guidelines 
relevant to the development of drugs in the elderly

 

1. CPMP Guidance on Pharmacokinetic Studies in Man*
2. ICH Note for Guidance on Dose Response Information to Support Drug Registration
3. CPMP Note for Guidance on the Investigation of Drug Interactions
4. ICH Note for Guidance on Ethnic Factors in the Acceptability of Foreign Clinical Data
5. ICH Note for Guidance on Studies in Support of Special Populations:

5a Geriatrics
5b Pharmacokinetics in renally or hepatically impaired patients

6. CPMP Note for Guidance on the Evaluation of the Pharmacokinetics of Medicinal Products in Patients with Impaired Renal Function
7. CPMP Note for Guidance on the Evaluation of the Pharmacokinetics of Medicinal Products in Patients with Impaired Hepatic Function

*

 

This guideline can be accessed on: http://pharmacos.eudra.org/F2/eudralex/vol-3/pdfs-en/3cc3aen.pdf All other guidelines
can be accessed on: http://www.emea.eu.int/sitemap.htm

http://pharmacos.eudra.org/F2/eudralex/vol-3/pdfs-en/3cc3aen.pdf
http://www.emea.eu.int/sitemap.htm


 

R. R. Shah

 

462

 

58

 

:5

 

Br J Clin Pharmacol

 

set of ‘therapeutic’ guidelines that make recommenda-
tions on clinical trials in specific therapeutic areas of
special relevance to the elderly. These include guide-
lines on osteoarthritis, anticancer drugs, schizophre-
nia, depression, Parkinson’s disease, Alzheimer’s
disease, cardiac failure and urinary incontinence, to
list a few.

A third set of ‘biostatistical’ guidelines provides guid-
ance on the statistical robustness of clinical trials in
terms of study designs, statistical power, choice of com-
parators and analyses of the results. One of these –
‘Statistical Principles for Clinical Trials’, CPMP/ICH/
363/96 – recommends that an adjustment for the influ-
ence of covariates or subgroup effect is an integral part
of the planned analysis. Age is one of the covariates
included in this.

All these guidelines except one can be accessed on
website of the European Medicines Agency (EMEA) at
the following address under ‘Regulatory Guidance
and Procedures’ at http://www.emea.eu.int/sitemap.htm
The exception is the CPMP ‘Guidance on Pharmacoki-
netic Studies in Man’ that can be accessed at http://
pharmacos.eudra.org/F2/eudralex/vol-3/pdfs-en/3cc3aen.
pdf

 

Determining the right dosing regimen

 

The dose of a drug is relevant only to the extent
that it determines the plasma concentration. For rea-
sons discussed earlier, the elderly at a given dose
may experience exposure that is different from
younger adults. Furthermore, there is considerable
interindividual variability within not only the elderly
but also their younger counterparts, often with a sig-
nificant overlap. In addition, the optimal therapeutic
plasma concentrations have often not been estab-
lished for most drugs in any age group, including
the elderly.

Determining the right dose in the non-elderly
The problem of identifying a correct dosing regimen is
not specific or limited to the elderly. It appears to be a
general one affecting not only a range of population
subgroups such as females, ethnic minorities and chil-
dren, but also a wide range of therapeutic classes. It is
interesting to note that racial/ethnic groups are also
under-represented in clinical trials. In one study of
NCEs approved between 1995 and 1999, there were
only 18 of the 98 drugs (where race/ethnicity was
assessed) that showed a difference based on race/ethnic-
ity [123]. The effects are primarily pharmacokinetic dif-
ferences (n = 9; 50%), efficacy difference (n = 7; 39%)
and safety (n = 2; 11%).

Despite often conducting adequate dose-finding stud-
ies, the sponsors in their attempt to maximize efficacy
take forward the highest effective dose (from their dose-
ranging studies) for investigation in pivotal studies. It is
therefore not surprising that postapproval dose reduc-
tions are frequent once a drug is in routine clinical use.
In one study that examined all 499 labels of drugs
approved by the FDA between 1 January 1980 and
31 December 1999 for significant dose changes, 73
(21%) of the 354 evaluable labels had registered a dose
change. Of these, 58 (79%) were safety-motivated dose
reductions. When adjusted for relative risk, this was the
highest (2.26) for drugs approved originally during the
period 1995–1999 (with baseline risk for drugs approved
during 1980–1984 being set at 1.00) [124]. In another
study, it was reported that of the 48 drugs examined,
about 40 were found to be just as effective at doses of
60% or lower than those recommended [125]. The dos-
ages of b-blockers shown to be effective in randomized
trials are not the doses commonly used in clinical prac-
tice, and treatment with lower dosages of b-blockers are
associated with at least as great a reduction in mortality
as treatment with higher dosages. It appears that doses
lower than those recommended initially often have a
better risk–benefit ratio. Because of the presence of
covariables that influence the pharmacology of a drug,
the elderly may require even lower doses of some drugs
than their younger counterparts. However, even when b-
blockers are prescribed to the non-elderly, the dosages
used are still considerably lower than those proved to be
effective in preventing death after myocardial infarction.

Determining the right dose in the elderly
Among the population groups that are consistently
under-represented in preapproval clinical trials are the
elderly, generally defined as those above 65 years of age
[28, 126]. One review analysed a total of 9664 subjects
who were enrolled in trials studying osteoarthritis and
rheumatoid arthritis. Although more than half of the
studies reviewed included patients ≥65 years of age,
there were only 207 (2.1%) patients in this older age
group. While there was inclusion of the ‘young-old’ (65–
74 years of age), only 14 of the 9664 patients studied
were between 75 and 84 years of age, with none repre-
senting those aged ≥85 years [126]. The reasons behind
this, including reluctance by the elderly themselves, are
complex and have been discussed by Petty et al. [127].

In a unique study of its kind, Wieringa et al. [128]
have shown significant discrepancy between preregistra-
tion trials and postregistration use of cardiovascular
drugs with regard to the representation of the elderly or
the female cardiovascular patients. Clearly, much of the

http://www.emea.eu.int/sitemap.htm
http://
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information on which drugs are approved and used in
the elderly is derived from studies involving younger
adults. This lack of formal clinical trials in the elderly,
and the apparent lack of efficacy and safety data, is
thought to be a barrier to the optimal use of drugs in this
population. The implication appears to be that efficacy,
safety and risk–benefit of a given dose may be different
in the elderly who are presumed to require lower doses
because of age per se.

There has been an increasing trend recently towards
greater representation of the elderly in a growing num-
ber of large-scale trials. These have supported the view
that age per se in no way reduces the efficacy of drugs
[129]. In a representative elderly cohort of patients with
heart failure with systolic dysfunction, the majority
(82%) were discharged on doses of ACE inhibitors con-
sistent with those used in clinical trials. The investiga-
tors had observed a dose–response relationship between
higher doses and lower mortality [130]. Even in elderly
patients with perceived contraindication, ACE inhibitor
use was associated with a significant survival benefit
[131]. In one pharmacist-based pilot study of 48 octo-
genarians prescribed medications, 14 experienced unde-
sirable effects while six had an inadequate effect [132].
This finding does not argue for a lower dose requirement
in the elderly.

Compared with no b-blocker therapy, three different
doses of b-blocker were all associated with lower
adjusted risk ratio for mortality in the elderly – low
dose 0.40, standard dose 0.36 and high doses 0.43
[133]. Although this finding supports the need for ran-
domized controlled trials comparing a number of
(lower) doses of b-blocker therapy, it is questionable if
this need is unique to treatment of the elderly. The need
to explore lower doses is general regardless of age. The
notion that the elderly have low dose requirements
because of age per se appears to have little scientific
evidence. Age by itself is not a reason for withholding
effective therapy.

This is not to deny that the risk–benefit ratio of a
given intervention may be quite different in a population
with significant comorbidities and/or comedication,
including frail elderly patients. In another study, Wier-
inga et al. showed a discrepancy in the presence of
comorbidity between the preapproval cardiovascular tri-
als and that encountered in routine clinical practice
[134]. Martin et al. confirmed the under-representation
of the elderly and females in premarketing clinical trials
but also extended their observations to show a similar
discrepancy in the use of comedications [135]. Given
this disproportionate excess of comorbidities and come-
dications in the elderly in routine clinical practice, it

appears that these may account for the apparent differ-
ences in efficacy and safety between the elderly in rou-
tine clinical practice and their younger counterparts
enrolled in clinical trials. Interestingly, a comparison of
the patients who experienced ADRs with patients treated
in the ‘real world’ did not identify any significant over-
representation of a given characteristic that might act as
a risk factor for ADR [135].

Even without the lack of formal efficacy and safety
data from clinical trials in the elderly, the risk–benefit
of medications in this population can be greatly
improved by careful adherence to many basic therapeu-
tic principles [84]. It is evident that age per se is not
associated with significant changes in the pharmacoki-
netics of a drug. The changes that occur are the conse-
quence of changes in hepatic or renal function, intake
of food, comedications or pharmacogenetic influences.
These can be anticipated and the dose of the drug
adjusted. At a pharmacodynamic level, apart from a few
pharmacological targets related to anticoagulants, car-
diovascular and psychotropic drugs, there is at present
little evidence that the majority of these targets display
altered sensitivity in the elderly [136]. It seems probable
that at least one concentration-controlled study in a
small number of very elderly patients may provide suf-
ficient data on age-related changes in pharmacodynamic
susceptibility and help improve therapeutics in this age
group. Kraiczi et al. have reviewed in detail the argu-
ments for and against randomized concentration-
controlled trials with regard to investigating
pharmacokinetic and/or pharmacodynamic variability
[137]. There is also an urgent need to examine the
hypotheses of ‘lower is better’ and ‘start low and go
slow’ as applied specifically to the elderly.

Determining the right dose in the frail elderly
Among 397 frail elderly inpatients, incorrect dosage
was prescribed to 202 (50.9%) of the 365 patients with
inappropriate use of medications. Duration of therapy
was inappropriate in 187 (47.1%) patients. Furthermore,
there was failure to consider drug–drug interactions in
25 (6.3%) patients and drug–disease interaction in a
further 81 (20.4%) patients [4]. Prescribing patterns
such as these render irrelevant the lack of formal clinical
trials in the elderly as a major source of problems when
determining the right dose in this population.

Although it is usual to study drug pharmacokinetics
in the healthy elderly (usually those above 65 years of
age), there is now a sound scientific rationale for study-
ing frail elderly subjects and determining how drugs in
this subgroup may interact with nutrition and nutri-
tional status. Frail elderly persons are especially at risk
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in relation to these food–drug interactions because they
may accrue several risk factors (malnutrition, anorexia,
alcoholism, chronic diseases, polypharmacy). Hitherto,
clinical and pharmacological research in this area of
gerontology has not attracted much attention. Very eld-
erly will need better representation in future drug
development programmes and the effect of frailty will
almost certainly require investigation in frail elderly
patients.

Conclusions
The main problems with prescribing drugs in the elderly
during routine clinical practice arise from (a) the safety
of drugs generally and the efficacy at the site of action
– elderly patients may require a smaller number of
receptors to be occupied than their younger counter-
parts. This difference in efficacy may mean that too high
a dose is prescribed; (b) genetic influences; (c) duration
of therapy; (d) drug–drug interactions; and (e) drug–
disease interactions. Often, an incorrect dose is pre-
scribed and there is little evidence to suggest that lack
of clinical trials specifically in the elderly to investigate
the effect of age per se is a major barrier to determining
the right dose. Extrapolation of doses from clinical trials
in younger adults (that may have excluded the elderly)
to the elderly in routine clinical practice needs to be
individualized on the basis of each patient’s clinical and
laboratory features and, if appropriate, the relevant gen-
otype. There is an urgent need for better characterization
of drug pharmacokinetic–pharmacodynamic relation-
ships in the elderly, especially the very elderly and frail
patients, and investigations concerning this are an
important area in clinical pharmacology.

While it may be highly desirable to investigate differ-
ent doses of every NCE in a formal efficacy trial in
elderly patients, it is unlikely that a single study, how-
ever large, will address variability arising from all the
covariates normally present in this age group. Rather
than searching the ‘right’ dose for every drug from a
large formal study in the elderly population with the
notion that ‘one size fits all’, it is generally desirable and
possible even in a clinical trial to determine an individ-
ualized dose appropriate to each elderly patient. These
important decisions can be made from the data from
pharmacokinetic studies in the elderly, effect of food,
renal dysfunction, and hepatic dysfunction on the phar-
macokinetics of the drug and drug–drug interaction
studies. This applies especially to drugs that are prima-
rily eliminated unchanged through renal excretion and
have a narrow therapeutic index, e.g. digoxin.

In the final analysis, even if these data are not readily
available and if drug therapy is considered beneficial or

absolutely necessary, the dosage can easily be titrated to
a clearly defined endpoint starting from a low initial
dose [138, 139]. In the elderly, with complex interac-
tions between polypharmacy, comorbidity, altered phar-
macodynamic sensitivity and even modest changes in
pharmacokinetics, there is much merit in this circum-
stance to a ‘start low and go slow’ approach.

Given the current interest in the role of pharmacoge-
netics in individualizing therapy, time has almost cer-
tainly come when genetic factors also need to be
considered when developing and prescribing drugs to
the elderly. Elderly patients who fail to respond as
expected or those who unexpectedly develop adverse
drug reactions should be appropriately genotyped.

More importantly, so spectacular are the results of
advances in health and social care that one wonders if
the time may have come to re-define the subset of pop-
ulation that constitutes ‘the elderly population’. The out-
come of these advances is a biological ageing process
that lags far behind that of chronological ageing. The
present criterion of an age over 65 years, established
many years ago on the basis of changes in physiological
functions and probably driven by the economically
accepted age of retirement, is almost certainly outdated
and needs to be reviewed, given the physical agility,
psychological well-being, astute cognitive faculties,
sexual drive and economic contribution of many who
are currently designated ‘the elderly’. Just as the paedi-
atric population is categorized into infants and toddlers,
children and adolescents (ICH guideline CPMP/ICH/
2711/99) on the basis of age (and consequently body
size) and the probable immaturity of processes respon-
sible for absorption, distribution and elimination of
drugs and of pharmacological targets, the time has come
for similar re-categorization of the ‘elderly’ on the basis
of age and consequent probability of decline in these
functions. Since there is no sharp division in terms of
biological changes with age, there is now a good case
for re-defining the ‘elderly’ as those who are aged
75 years or more and the ‘very elderly’ as those who are
aged 85 years or more. Since frailty can occur indepen-
dently of age, the frail elderly constitute a unique subset
in both these categories.
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