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DRUG THERAPIES IN...

Drug therapies in older adults (part 1)

Authors: Omar Mukhtar” and Stephen HD Jackson®

Prescribing for older adults represents a significant challenge
as the UK population ages. Physiological decline and the

rising prevalence of frailty increase the likelihood of altered
pharmacodynamics and pharmacokinetics, suboptimal
prescribing and adverse effects among this growing cohort

of the population. In the first of two articles, we begin by
considering these issues and posit four key questions which
should be considered when prescribing for older adults.

Does this agent reflect the priorities of the patient? Are

there alternatives — with greater efficacy, effectiveness

or tolerability — that might be considered? Are the dose,
frequency and formulation appropriate? How does this
prescription relate to concurrent medication? We also describe
current drug therapies in two disease states with a predilection
for older adults: Alzheimer’s disease (AD) and osteoporosis.
Using these examples we highlight the limitations of evidence-
based medicine and guidelines in this cohort of the population,
illustrating the reliance on sub-group analysis to demonstrate
the efficacy of drug therapies for older adults in osteoporosis
and the underutilisation of appropriate treatments for
patients with AD as a result of flawed guidelines.
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Introduction

The UK’s population is ageing. The percentage of people
aged 65 years and over increased from 15% in 1985 to 17% in
2010 — an absolute increase of 1.7 million people. By 2035 it
is predicted that this cohort will account for 23% of the total
population.' The fastest increase is likely to occur among the
‘oldest old’ (those aged 85 years and over) — between 1985 and
2010, this population more than doubled from approximately
0.7 million to greater than 1.4 million people.!

In total, 45% of the medications prescribed in the UK are
for individuals aged over 65 years, and 36% of people aged
75 years and above take four or more prescribed drugs on a
daily basis.” However, with increased variability in the risks
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and benefits of drugs, along with a relatively limited evidence
base, prescribing for this population remains problematic.’™
This first review highlights a number of key issues relevant

to those who prescribe for older adults and describes current
drug therapies in two examples of highly age-associated disease
states: Alzheimer’s disease (AD) and osteoporosis.

Prescribing considerations in older adults
Ageing and frailty

Physiological ageing is best described as the time-related loss
of functional units within an organ system, eg nephrons in

the kidneys, alveoli in the lungs and neurones in the brain. By
contrast, frailty is defined by progressive physiological decline
in multiple organ systems resulting in loss of function, loss of
physiological reserve and increased vulnerability to disease and
death.® In recent years, the recognition of this distinction has
led to an awareness that frail adults, rather than older people
per se, are the primary users of healthcare resources. It can,
therefore, be difficult to give useful prescribing advice on the
basis of age alone — a housebound 63 year old may be frailer
than a 78 year old who continues to work on a part-time basis.®

Pharmacokinetic and pharmacodynamic changes

With physiological ageing, the body undergoes several changes
that can affect the pharmacokinetics of drugs (Table 1).” The
most significant of these is the reduction in renal clearance,
which results in the reduced excretion of water-soluble agents —
variations in drug distribution and metabolism are also
noteworthy (Table 1).

Furthermore, pharmacodynamic changes increase the
sensitivity of older adults to prescribed therapy. This is
particularly true for drugs which act via the central nervous
system: neuroleptic use in older adults is associated with
increased rates of delirium, extrapyramidal symptoms and
postural hypotension, while the benzodiazepines are associated
with increased body sway and exaggerated sedative effects.
Equally, agents with anticholinergic actions impair cognition
and orientation, particularly in patients with a pre-existing
cholinergic deficit eg AD.”

Polypharmacy and appropriate prescribing

The use of many medicines (‘polypharmacy’) is common
among older people; a recent primary care survey in Scotland
found that 28.6% of adults aged 60—69 years were receiving
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Table 1. Major physiological changes observed with ageing and their pharmacokinetic effects.

Pharmacokinetic Physiological change

process

Distribution Decreased total body mass, increased
proportion of body fat and decreased  drugs
proportion of body water

Metabolism Reduced hepatic mass, hepatic blood
flow and metabolic capacity

Excretion Reduced glomerular filtration rate, renal

tubular function and renal blood flow  drugs

Pharmacokinetic effect

Increased V4 of highly lipid soluble

Decreased V of hydrophilic drugs

Drugs with a high E are associated
with the largest reductions in hepatic
clearance

Accumulation of renally cleared

Drugs most affected

Benzodiazepines, morphine and
amiodarone

Gentamicin, digoxin, lithium and
theophylline

Clomethiazole, dextropropoxyphene,
glyceryl trinitrate, lidocaine,
pethidine and propranolol

Digoxin, lithium, gentamicin and
ACEi

ACEi = angiotensin-converting-enzyme inhibitor; E = hepatic extraction ratio; V4 = apparent volume of distribution.

between four and nine medications, while 7.4% were receiving
ten or more; among those aged 80 years and over, the figures
were 51.8 and 18.6%, respectively.® While the published
literature suggests that such polypharmacy is associated with
adverse clinical outcomes and increased healthcare costs, such
analyses fail to account for the appropriateness (or otherwise)
of the prescribed drugs.>'

The term appropriate prescribing has far greater clinical
relevance; it addresses both the problem of inappropriate
medication use and the failure to prescribe or use appropriate
treatments. This latter aspect of appropriate prescribing
is frequently neglected (particularly among older adults).
With regard to the former, patients taking more than five
medications are approximately three times more likely to
receive an inappropriately prescribed drug."

The evidence base

In order to determine whether a treatment is appropriate, it

is necessary to have an idea of its relative risks and benefits.
Clinicians routinely base this assessment on their interpretation
of clinical trials. While these provide evidence of the relative
benefits of a treatment, they are rarely powered to determine
differences in uncommon or rare adverse effects — sequelae
which often have significant clinical consequences for individual
patients.'> Moreover, the application of trial data to older

adults is problematic as subjects over the age of 65 or 75 years
are frequently excluded, despite the fact that many patients
with the disease process being studied are in their eighties or
nineties.® The process of extrapolation should, therefore, be
applied with caution. Although there is some evidence that the
efficacy of drug treatments does not differ significantly between
older adults and adults in general, important discrepancies

may occur. For example, in metastatic breast cancer, tumour
response rates to chemotherapy (intervention) versus hormone
therapy (control) are age dependent: in older adults (=60 years)
the odds ratio (OR) of a response is 1.60 with a 95% confidence
interval (CI) of 0.95-2.72 versus an OR of 0.51 with a 95% CI of
0.26-0.99 in younger adults (<60 years)."?

Practical prescribing for the older adult

Good prescribing practices may limit adverse effects and
inappropriate prescribing among older adults. While
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some of these practices are evidence based, most are
consensus statements, due to limited study data. Electronic
prescribing, educational initiatives and a limitation in the
number of prescribers demonstrably improve the quality
of prescribing;“i16 however, medication reviews and new
prescription checklists may offer the greatest potential to
improve prescribing for older adults.

The ‘National Service Framework for Older People’, published
over a decade ago, recommended regular medication reviews:
for patients receiving four or more drugs a review was
suggested at six-monthly intervals, while an annual review was
suggested for those taking three or fewer medicines.'” For each
prescription, we propose that prescribers consider four key
questions.

1. Does this agent reflect the priorities of the patient?

2. Are there alternatives — with greater efficacy, effectiveness or
tolerability — that might be considered?

3. Are the dose, frequency and formulation appropriate?

4. How does this prescription relate to the concurrent
medication?

While more formal approaches have sought to list
medications that may be inappropriate for older adults, eg the
NSF prescribing indicators' or STOPP/START checklists,'®
the application of these is challenging in routine clinical
practice. As an alternative, the four questions listed above
should lead to the cessation of inappropriate therapies and
the judicious use of new drugs.

Alzheimer’s Disease

AD is the commonest cause of dementia worldwide,

with its global prevalence estimated to be as high as

24 million people. This figure is set to double every 20 years
until the middle of the 21st century.’® AD is a chronic
neurodegenerative condition characterised by progressive
cognitive deficits which are thought to correlate with
neuronal loss, particularly in the hippocampus and cerebral
neocortex.”’ Although extracellular B-amyloid plaques and
intraneuronal neurofibrillary tangles (composed of tau
protein) are a feature of physiological ageing, the burden of
these lesions, particularly amyloid plaques, is far greater in
individuals who develop AD.*!
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Various pharmacological approaches have been pursued
in an attempt to modify disease progression. Most have
been unsuccessful —in 2013, Eli Lilly reported the failure of
Semagacestat, an inhibitor of y-secretase (an enzyme integral
to the production of B-amyloid).?* In 2012, the development
of bapineuzumab, a humanised monoclonal antibody which
targets B-amyloid, was also discontinued after it failed to
demonstrate efficacy in two phase III trials.”’ Those targeting
tau formation have experienced similar disappointment:
AL-108 (Allon Therapeutics Inc), an intranasal formulation
of davunetide (an eight amino-acid peptide thought to
decrease tau phosphorylation and maintain the attachment
of tau protein to the microtubular network) failed to
demonstrate efficacy in a phase II/I1I clinical trial.** Equally,
the kinase inhibitor, tideglusib, which aimed to inhibit the
phosphorylation of tau proteins, failed to demonstrate clinical
efficacy in AD.?

As a result, the cholinesterase inhibitors donepezil,
galantamine and rivastigmine remain the mainstays of
treatment for the relief of mild/moderate AD, while memantine
is licenced for the treatment of cognitive deficits arising from
moderate/severe Alzheimer’s dementia. Potential treatments
for the neuropsychiatric symptoms observed in AD are also
limited, with risperidone the only drug licensed in the UK
for the treatment of behavioural and psychological symptoms
arising from dementia.

Cholinesterase inhibitors

The use of cholinesterase inhibitors for patients with mild/
moderate cognitive impairment in AD is predicated upon the
cholinergic hypothesis.?® This implies that cholinergic deficits
are responsible for the cognitive and behavioural changes
observed. Accordingly, three therapeutic interventions have
been trialled: the use of acetylcholine precursors, cholinergic
agonists and cholinesterase inhibitors.” The former
approaches, using several different drugs, have consistently
failed to demonstrate clinically significant efficacy.”” By
contrast, the cholinesterase inhibitors appear to slow the rate
of cognitive, functional and behavioural decline in patients
with AD.?® Of the four commercially produced compounds,
only three are currently available in the UK and approved by
the National Institute for Health and Care Excellence (NICE).*’
Tacrine, the first licensed drug, is no longer actively marketed
in view of its hepatotoxicity.?’

Donepezil

Donepezil is a centrally acting reversible acetylcholinesterase
inhibitor: with an elimination half-life of approximately 70
hours, it can be taken once a day.”’ It has been the primary
focus of over 200 trials, the vast majority of which focus on
its role in AD. A 2006 Cochrane review of all double-blind,
randomised, placebo-controlled trials of donepezil for patients
with mild, moderate or severe Alzheimer’s dementia, found
benefits in cognitive function, activities of daily living and
behaviour among all three groups.®® Benefits arising from a
dose of 10 mg per day were significantly greater than those
seen with 5 mg per day.”® However, the 2006 NICE guidance
recommended that donepezil only be used for patients with
mild AD;”' the 2011 guidance extended this indication to
moderate AD.** Despite this, data from subsequent trials
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continues to demonstrate the efficacy of donepezil in moderate-
severe AD, eg the DOMINO trial.*?

Galantamine

Galantamine is a competitive, reversible inhibitor of
acetylcholinesterase.” It also functions as an allosteric
modulator of nicotinic receptors, which may lead to the
increased release of acetylcholine.” Its efficacy has been
demonstrated at doses of 8 and 16 mg twice a day, with fewer
adverse effects observed at the lower dose.”” Inhibitors of
CYP2D6 or 3A4 (eg paroxetine, amitriptyline, fluoxetine,
quinidine and ketoconazole) may decrease the clearance of
galantamine, thereby increasing the potential for central
(eg excitation or agitation) or peripheral (eg bradycardia or
digestive disorders) hypercholinergic effects.””

Until recently, the safety and efficacy of galantamine had only
been documented in randomised controlled trials of <6 months
duration.***® However, in 2013, results from a pan-European,
two-year, randomised, double-blind, placebo-controlled trial
of galantamine in mild/moderately severe AD were reported
(mean age: 73 years). Its primary outcome measures were all-
cause mortality and change in mini-mental state examination
(MMSE) score (baseline vs 24 months).*® Despite a withdrawal
rate of 27%, the trial was terminated early, not on the basis
of MMSE scores (placebo — mean MMSE: —2.14 (standard
deviation (SD) 4.34); galantamine — mean MMSE: 1.41 (SD
4.05); p<0.001) but due to a significantly lower mortality rate
among those receiving active treatment (hazard ratio (HR):
0.58; 95% CI: 0.37—0.89; p=0.011).*

Rivastigmine

In contrast to donepezil and galantamine, rivastigmine is

a pseudo-irreversible cholinesterase inhibitor which acts
on both acetylcholinesterase and butyrylcholinesterase.””
It is currently licensed in the UK for the treatment of mild/
moderate dementia secondary to Alzheimer’s and Parkinson’s
disease.””* In both instances, it has demonstrated efficacy,
with a 2009 Cochrane review reporting delayed cognitive
decline, improvements in activities of daily living and
favourable behavioural patterns among adults with mild/
moderate AD receiving rivastigmine , when compared with
placebo.*

However, oral rivastigmine is associated with significant rates
of nausea and vomiting, which may be a feature of its dual
inhibitory mechanism.*” As a result, two transdermal patches
have been formulated (17.4 and 9.5 mg) with equivalent
efficacy, but fewer adverse effects, when compared with
capsules.*!

Memantine

Neuronal death is associated with the overstimulation of
N-methyl-D-aspartate (NMDA) receptors and excessive
glutamate exposure, leading to an increase in intracellular
calcium.*? Memantine, an NMDA receptor antagonist, is
thought to block this ion channel, preventing the influx of
calcium and the excitotoxicity of neurones.*?

While preclinical studies and animal models support the
concurrent use of both memantine and the cholinesterase
inhibitors in moderate/severe AD, multiple meta-analyses and
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systematic reviews have failed to show a consistent benefit for
this approach in humans.*>**** Equally, the trial data does
not demonstrate consistent efficacy for the use of memantine
in patients with mild AD.* Thus, despite a pharmacologically
plausible mechanism of action, memantine is currently

only licensed for the treatment of moderate/severe AD
(MMSE <20).%

Osteoporosis

Osteoporosis is predominantly a disease of older adults in
which compromised bone density and quality predispose
both men and women to an increased risk of fractures.
Underdiagnosis remains an issue, particularly among men.”*
While the incidence of hip fractures increases exponentially
with age, this increase is more pronounced than might be
expected from the age-related decline in bone mass alone.
In keeping with this, a number of risk factors for osteoporosis
have been identified, including a low body mass index, family
history, smoking, excessive alcohol intake and long-term
glucocorticoid use.*’”~*

In 2008, the Fracture Risk Assessment Tool (FRAX) was
developed, which sought to incorporate these clinical risk
factors, among others, into the assessment of a patient’s fracture
risk with or without prior knowledge of bone mineral density
(BMD) at the hip.*’ Specifically, it establishes the 10-year
probability of any major osteoporotic fracture (clinically
relevant spine, forearm, hip or shoulder fracture) while
delineating the 10-year risk of hip fracture in isolation.*

Based on current evidence, the consensus opinion for
the prevention of osteoporosis is to recommend avoidance
of smoking, excess alcohol and caffeine;™ fall prevention
measures should also be adopted along with structured
exercise.”® Calcium (1,000-1,200 mg) should be consumed
on a daily basis (either via diet or supplementation) along
with 800—1,000 U vitamin D; however, the evidence for this
specific measure in osteoporosis has recently been called into
question.’®”" The treatment of postmenopausal osteoporosis
should include the correction of any calcium deficiency,
continuation of preventative measures and additional
pharmacological therapy.®® Drugs that have been licenced
in addition to preventative oestrogen therapy (for women)
include the bisphosphonates, raloxifene, parathyroid hormone,
denosumab and calcitonin.

6
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Bisphosphonates

Bisphosphonates reduce the local recruitment of osteoclasts,
impair their resorptive function and accelerate their demise.
In doing so, they prevent bone loss and increase BMD.*® Of
the five agents currently licenced in the UK for the treatment
of osteoporosis — disodium etidronate, alendronic acid,
risedronate sodium, ibandronic acid and zoledronic acid —

the weekly oral preparation, alendronate (alendronic acid),
represents the first line of treatment, owing to its efficacy, long-
term safety data and favourable cost.

A 2008 Cochrane review assessed the efficacy of
alendronate in the prevention of osteoporotic fractures
among postmenopausal women.** Across 11 trials, with some
subjects aged over 90 years, alendronate use was associated
with a significant reduction in the absolute risk of vertebral
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(6%), non-vertebral (2%), hip (1%) and wrist (2%) fractures
among women with a T score of <-2 and/or >1 vertebral
compression fracture.’® Retrospective analysis of the Fracture
Intervention Trial indicates that the relative risk reductions
(RRRs) achieved are likely to be similar across all age groups.
In this analysis, the greatest absolute benefit was observed
among those aged over 75 years, due to the incident rate

of fractures.” Despite this efficacy data, adherence to oral
bisphosphonates remains poor, with 12-month adherence
estimated to be approximately 60%.>*

Although osteonecrosis of the jaw is a well publicised adverse
effect associated with the bisphosphonates, it is rare (incidence
rate: <1 in 10,000/patient-treatment years), particularly
within the context of those receiving oral bisphosphonates for
osteoporosis.”® Good oral hygiene, regular dental checkups
and heightened care when undergoing periodontal procedures
may help prevent this complication.” Similarly, there is a
small risk that bisphosphonate therapy may be associated with
atypical subtrochanteric fractures (incidence rate: 32/million
patient-years).>® This risk may be exaggerated among those
receiving treatment for >5 years,”® and patients who experience
such a fracture may benefit from teriparatide treatment as
an alternative.”” Controversy regarding the bisphosphonates
also relates to a possible association with oesophageal cancer.
Predicated upon a series of case reports, the Medicines and
Healthcare Products Regulatory Agency sought to evaluate
this issue by means of an epidemiological study.™ The results
suggested that five years or more of bisphosphonate therapy
was associated with a small absolute increase in the risk of
oesophageal cancer among men and women aged between
60-79 years.”® While others have not observed this increased
risk, the spectre of this association has yet to be definitively
excluded.”*®°

Denosumab

Denosumab is a humanised monoclonal antibody to the
receptor activator of the nuclear factor, kappa-B ligand
(RANKL), an osteoclast-differentiating factor. By preventing
the binding of RANKL to RANK on osteoclast precursors and
osteoclasts, it reduces bone resorption.

However, a formal evaluation of denosumab in older adults
has yet to take place. Subgroup analysis of subjects aged
75 years or older in the Fracture Reduction Evaluation of
Denosumab in Osteoporosis Every 6 Months (FREEDOM)
trial (subcutaneous administration of denosumab — 60 mg
every six months) revealed that 3 years of treatment
significantly reduced the risk of hip fractures (2.3% placebo vs
0.9% denosumab; p<0.01); the risk reduction was similar to
that observed among those under the age of 75 years.”' In the
associated extension trial (mean age: 75 years) denosumab was
associated with a progressive increase in BMD and a sustained,
but non-progressive decrease in bone turnover; while yearly
fracture rates were below those observed among subjects
in receipt of placebo during the FREEDOM trial, they were
greater than those in receipt of active treatment.®’ Infections,
eczema, musculoskeletal pain and hypercholesterolemia have
all been observed as adverse effects and there is a suspicion that
denosumab may also lead to osteonecrosis of the jaw, atypical
fractures and delayed fracture healing, at rates comparable to
the bisphosphonates.®?
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Raloxifene

Like tamoxifen, raloxifene is a selective oestrogen receptor
modulator), a compound which binds to oestrogen receptors
and modulates (through agonism and antagonism) the effects
of oestrogen in a variety of tissues. Approved for the prevention
and treatment of osteoporosis in postmenopausal women,
raloxifene also reduces the risk of invasive breast cancer.** In

the Multiple Outcomes of Raloxifene Evaluation (MORE) trial
(mean age: 69 years) the risk of vertebral fracture was reduced
among subjects receiving raloxifene (30% RRR: 60 mg/day;

50% RRR: 120 mg/day) while the reduction in non-vertebral
fractures did not reach significance; there were no differences

in safety or effectiveness between those aged >75 years and their
younger counterparts.® However, with an increased risk of
deep vein thrombosis, pulmonary embolism and fatal stroke,
raloxifene is contraindicated in patients with a prior history of
venous thromboembolic disease and caution should be exercised
when prescribing for those with known cardiovascular disease.®””
Equally, adverse reactions relating to its hormonal mechanism
limit its use among men and older women.

Calcitonin

Salmon calcitonin — available as both a subcutaneous injection
and nasal spray — acts directly on osteoclasts to inhibit bone
resorption. The Prevent Recurrence of Osteoporotic Fractures
(PROOF) study in postmenopausal women with osteoporosis
(mean age: 69 years) demonstrated that 200 IU salmon
calcitonin per day, delivered via a nasal spray, decreased the
absolute risk of new vertebral fractures by 8% at the end of

5 years.®® However, the reduction in non-vertebral fractures
did not reach significance and the discontinuation rate at the
end of the study was 59%.%” While calcitonin use is associated
with a risk of serious allergic reactions, hypocalcaemic tetany,
nausea, diarrhoea, flushing and nasal irritation, it is no longer
recommended for the prevention or treatment of osteoporosis
due to its association with malignancy.””

Transdermal parathyroid hormone

In contrast to the other agents described, teriparatide
(parathyroid hormone) is an anabolic treatment which
preferentially increases bone formation. Again, its use in
women aged 75 years and older is dependent upon subgroup
analysis, as opposed to a double-blind, randomised controlled
trial designed to evaluate its efficacy specifically in older
adults. Such an analysis of the Fracture Prevention Trial (FPT)
suggests that teriparatide treatment may be associated with

a significant reduction in the risk of new vertebral fractures
(RRR 65%; p<0.05) in older women (aged 275 years); however,
the reduction in non-vertebral fractures did not reach
significance.®® Originally administered as a daily subcutaneous
injection, a transdermal patch is now available, which is
effective in increasing BMD at the lumbar spine and hip in
postmenopausal women with osteoporosis over a period of six
months.*

However, no fracture data is available with this new
preparation and the risk of transient hypocalcaemia is
significantly increased in those receiving teriparatide (24% of
patients vs 3% in the placebo group). This, coupled with an
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increased incidence of osteosarcoma in animal studies, has led
to a recommendation that treatment be limited to <2 years, and
only administered to patients who have ‘failed’ bisphosphonate
therapy.®”°

Concluding thoughts

Prescribing for older adults represents a significant challenge.
Physiological decline, frailty and multiple pathologies
increase the likelihood of altered pharmacodynamics and
pharmacokinetics, suboptimal prescribing and adverse effects
among this growing cohort of the population. The persistent
failure of evidence-based medicine to represent these patients
adds to this challenge. While many of the landmark trials in
osteoporosis illustrate the reliance on sub-group analysis to
demonstrate the efficacy of drug therapies for older adults,
the current guidelines for the pharmacological management
of AD reinforce the issue of underutilisation of appropriate
treatments, for this oft-neglected group. m
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