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Summary

Knowledge of the benefit/risk ratio of drugs in etdadults is essential to optimise medication use.
While randomised controlled trials are fundametathe process of drug development and bringing
new drugs to the market, they often exclude old#ulta, especially those suffering from frailty,
multimorbidity and/or receiving polypharmacy. There, it is generally unknown whether the benefits
and harms of drugs established through pre-maikedinical trials are translatable to the real-word
population of older adults. Pharmacoepidemiology peovide real-world data on drug utilisation and
drug effects in older people with multiple comoiibeks and polypharmacy and can greatly contribute
towards the goal of high quality use of drugs arelldveing in older adults. A wide variety of
pharmacoepidemiology studies can be used and mx@tiogress is being made with the use of novel
and advanced statistical methods to improve theaustoless of data. Coordinated and strategic
initiatives are required internationally in order this field to reach its full potential of optising drug

use in older adults so as to improve health cateooues.
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Background

Older people make up the fastest growing populagooup From 2000 to 2030, the worldwide
population aged 65 years and older is projecteth¢oease from approximately 550 million to 973
million (15.5% to 24.3% of population in Europe, 88612% in Asia, 12.4% to 19.6% in the USA) [1].

Ageing is characterized by a gradual decline ofybiodictions, marked by a considerable inter-
individual variability in the onset, the rate arb tseverity of decline in both functional and cdigei
functions. Ageing is also strongly associated waithincreased occurrence of chronic conditions, whic
accumulate over time [2-3]. Multimorbidity oftengueires the prescription of several concomitant
medications. In high-income countries, polypharmgeypually defined as 5 or more regular
medications) is encountered in 40% to 50% of oladults [4-6]. Polypharmacy is associated with
adverse health outcomes, such as adverse drugoreadtospitalisations, frailty, disability, cogug

impairment and even mortality [7-8].

Randomised clinical trials, such as those usedstabéish benefits and risks of medications in
pre-marketing studies, are insufficient to inforrdence-based care of older adults due notably to
limitations in their generalisability. There is ander-representation of older adults, particul#nkyse
with multimorbidity and polypharmacy, in clinicalals compared to actual conditions of medicine use
in real-world practice [9]. For example, the systdllood pressure intervention trial (SPRINT) fousnd
reduction in cardiovascular events and mortalityoagholder community-dwelling individuals (aged
75 years or older) with intensive therapy (targgtnsystolic blood pressure [SBP] of less thanrhg®
Hg compared to standard therapy [SBP target ofthess 140 mm Hg]) [10]. However, only 21.5% of
real world patients aged 75 years and more wouwe baen eligible for inclusion in SPRINT [11]. In
other terms, the SPRINT results can be appliedbmutaone-fifth of people aged 75 years. This
demonstrates that the evidence drawn from randairgeical trials applies to a selected group of
individuals and that their generalisability to thider population is unlikely. In addition, clinicaials
are limited in duration while older adults suffeorh chronic diseases that need protracted treatment
Traditionally, primary outcomes in these studies lbased on surrogate markers (i.e. risk factors for
diseases), absence of chronic diseases, eventaatemortality. However, these outcomes are not

always in line with the priorities of older people]. Older adults report that they want preservation of
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their physical and cognitive functions, autonomy ancial activities, even if this means not achgvi
the longest possible survival [1Nlloreover,the effects of drugs should be put in perspective \thth
goals of care and with the remaining life expecyafit3-14]. Some medications are effective at
achieving their clinical outcome only after a peériaf several months, sometimes years — a timeframe
that is hardly meaningful for older patients wittvere illness and at most a few months to live.[15]
Older people also frequently have visual and hegaimpairment, grasping disorder, difficulty
swallowing, cognitive impairmerihat could lead to a poor adherence. The pill buyrde. the number

of swallowing tablets or capsules that a patiekésaon a regular basis per day, can also represent
reason of nonadherence. Therefore, it is genetatlynown whether the benefits and harms of
medicines established through pre-marketing cliritals are translatable to the real-word popolati

of older adults.

Pharmacoepidemiology can provide real-world dataroug utilisation and drug effects in older
people with multiple comorbidities and polypharmady wide variety of pharmacoepidemiology
studies can be used and exciting progress is lmaue with the use of novel and advanced statistical
methods to improve the robustness of pharmacoepidiegy data. The aim of this paper is to discuss
the purposes and future directions of pharmacoepmegy to enhance safe and effective use of
medicines in older people.

Pur poses of phar macoepidemiology studiesin older population

Describing the patterns of drug use among older adults: drug utilisation research

Drug utilisation research (DUR) studies aim to raste the patterns of medication use in large
populations: the number of patients exposed tofiaetk set of drugs (prevalence, incidence), within

given time period and/or within a given place (commity, nursing home, hospital, region, country)
and their trends over time; the profiles of drugrgssuch as multimorbidity, concurrent medications

(polypharmacy), doses, drug-drug or drug-diseasardntions, timing in the life-course (e.g. thetlas



part of life). Drug utilisation studies are alseefid to describe the prescribers’ characteristcl) as
specialty, factors influencing therapeutic decisjoand to estimate adherence to prescribing guieli
for a condition in a population [16]. Large survegk older adults and caregivers to determine
experiences, attitudes and beliefs about medianag be considered under pharmacoepidemiology

methods.

DUR can also be used to estimate adherence torgmedaenedicines. Adherence to medications
is frequentlypoor among older patients, reducing the potengalefit of drugs and increasing the risk
of adverse events and costs [17]. Medication adiceres a complex process without real consensus on
the taxonomy. Moreover, potential barriers to adhee can be categorized as patient-level factors,
system-level factors, and medication-specific fet@urrently, there is an important methodologic
challenge to assess medication adherence acrosgudapon and to determine associations between

medication adherence and clinical outcomes [18].

Quality of drug use is a major issue in the oldepyation, including both underuse of
appropriate therapies and use of potentially inappate medications (PIMs). Inappropriate drugigse
a significant health problem in older people anddsociated with morbidity, increased health servic
use and mortality [19]. The prevalence of PIM umeges from 20% to 75% in acutely ill older patients
admitted to hospital, from 7% to 88% in hospitatlesl inpatients with and without cognitive
impairment, from 0% to 98% in the community settiagd from 5.4% to 95.0% in nursing homes [20-
23]. PIMs can be identified with implicit criterianvolving clinical judgment (e.g. Medication
Appropriateness Index) and explicit criteria, basedlists of drugs established by expert consensus
(e.g. Beers criteria, STOPP/START criteria) [24-28]recent review identified 36 articles on PIMs
based on explicit criteria published from 1991 @l2 [25]. A total of 907 different medications/
medication classes, 536 different drug-diseasedatens involving 84 diseases/conditions, and 159
drug—drug interactions were listed among the variBIM lists. Benzodiazepines, nonsteroidal anti-
inflammatory drugs, tricyclic antidepressants anmdt-feneration antihistamines were the most
commonly included medication classes on these did for older people. Surprisingly, there exists
only a limited overlap between the different PINsd. In a study comparing five different sets of
criteria developed in five different countries, tnverall exposure to potentially inappropriate dusg
was similar, in particular for the criteria devedapin Europe, even though these sets of critergalay

very little both in content and in the populatidvey cover [27]. For public health policy makers and



stakeholders, PIM indicators are useful as theyquemtify concerns and highlight the most commonly
used PIMs. However, for health professionals, fhyalieability in daily practice can pose a problem,

especially if no consensually therapeutic alteusgtiare proposed.

Other quality indicators measure the risk pharmzgiohl exposure entails, for instance scales
summarizing the anticholinergic and/or sedativelloamedications. The most often used tools are the
anticholinergic risk scale (ARS), the anticholinergognitive burden scale (ACB), the anticholinergi
drug scale (ADS), the drug burden index (DBI) amel sedative load [28-29]. Currently, there is & lac
of international consensus on anticholinergic scafe terms of which drugs should be included;
however, regardless of approach used to measuresesqy anticholinergic burden seems to be

associated with falls, impairment of cognitive ftion and mortality in older people [29-31].

Observational studies contribute also to the undedsng of prescribing cascades that amplify
the polypharmacy phenomenon. Prescribing cascaaj@seh when a new drug is prescribed to treat
symptoms of an unrecognized adverse drug reac8@R] related to a pre-existing drug, with this
new drug itself increasing the risk for developamdgitional ADRs. Older adults with chronic diseases
and multiple drugs are at risk for prescribing eass. For example, antiparkinsonian medications hav
been initiated for the treatment of symptoms agdmom the use of drugs such as antipsychotics or
metoclopramide. The antiparkinsonian drugs thenldcamduce new ADRS, including orthostatic

hypotension and delirium that would require a nesatiment if not identified as other ADRs [32-33].

Therefore, DUR can contribute to draw the attentiarthe need both for clinical management
and for further interventions (such as educatiantdrventions) to optimise medicine use in older

adults.

Safety of drug usein older adults

The risk of ADRs increases in older patients due doanges in pharmacokinetics and
pharmacodynamics, frailty, multiple concurrent cobidities and medicines [2]. The evaluation of
medication risks combines two fields of expertjggarmacovigilance and pharmacoepidemiology [34].



Pharmacovigilance is essentially based on the stdidspontaneous reports and has been the
first drug assessment method in real-life set ugpravide data on the safety of drugs. Reporting
analysis can detect rare ADRs, which can be edpeaialuable in groups that are particularly
excluded from clinical trials. In the 1980s, onexyafter the introduction of bepridil for the tresnt
of angina on the French market, about 110 casessddes de pointes, some fatal, occurred in gatien
aged 70 years and more [35]. Modifications in ta@ommendations for the use of bepridil — avoiding
use with other antiarrhythmics and cautious usé ditiretics - resulted in an immediate and dramatic
decrease in the incidence of arrhythmias. Morerante often, a safety issue detected by spontaneous
reporting data could be confirmed by pharmacoepidiegy studies. For example, case reports of
acute renal failure with the concurrent use of eligs, drugs blocking the renin-angiotensin system
(angiotensin converting enzyme inhibitors or angisin receptor blockers) and nonsteroidal anti-
inflammatory drugs were particularly observed imlesl patients in pharmacovigilance [36-37]. A
nested case-control study in a large primary catalédse containing longitudinal data on patients’
medical history, smoking, alcohol use, body mastexnand indication for use of antihypertensive
drugs, confirmed the risk of acute kidney injurytwiriple therapy, particularly during the first 8ays
of use [38]. In another example, deaths occurnmglder adults with dementia using antipsychotics
were reported in pharmacovigilance; the increasddaf mortality was confirmed by meta-analyses of
randomised controlled trials and observational ist1d39-41]. This detection and confirmation of
safety concerns contributes to drug safety thrdolghk box warnings, changes in drug labelling and

even withdrawal from the market.

Although spontaneous reporting provides valuabl®rmation in drug safety, it presents
inherent limitations, including under-reportingffitulty in identifying low risks, and the frequent
unfeasibility of quantifying risk. Several methoal® therefore proposed for safety signal detedtion
healthcare databases such as disproportionalitiysamatraditional pharmacoepidemiology designs
(e.g. self-controlled designs), sequence symmetrglyais (SSA), sequential statistical testing,
temporal association rules, supervised machinenilegirand the tree-based scan statistic [42]. For
example, SSA is a method applied on computerizaichsl data for detecting adverse drug events based
on the concept of prescribing cascade. SSA anatysesequences of medications; if one medication
(drug B) is more often initiated after another neation (drug A) than before, it may be an indicatio
of an adverse effect of drug A [43]. Founded omapte principle, SSA has the ability to provideiskr



estimate that may be useful to characterise theabkigdetection in administrative database and suppor
decisions [42].

Effectiveness of medicines and quality of lifefor older people

Randomised clinical trials (RCTs) are consideresl gbld standard to estimate the efficacy of drug
therapy. However, they are conducted under ideadliions, and their external validity is limitedh |
comparison, observational studies can evaluatefteetiveness of drug therapy in older people al re
conditions, but their nature makes them prone ti@strom potential biases (Table 1). Many biases a
of concern with observational studies, such asf@mple (i) confounding (stemming from covariate
imbalance and clinical indication, for example)) {mmortal time bias due to an unclear definitioin
time zero and to a biased reassignment of peopte deviate from the treatment strategy that they
were assigned to; (iii) protopathic bias which ascwhen a drug is initiated in response to the firs
symptoms of the disease which is, at this pointiagnosed [34, 44]. However, recent advances in
pharmacoepidemiology studies fill the gap left byCT®, when conducted under rigorous
methodological standards [45]. Pragmatic trialsseeeontrol or cohort studies conducted with
healthcare databases have been specially adaptieel tonstraints of drug assessment in real-lieavN
approaches have been developed to control for oodfag in observational studies such as marginal
propensity scores and structural models [46]. Migdct modelling or time-dependent Cox models
are likely to produce biased estimates in the presef time varying confounders affected by prior
exposure (e.g. by a change in drug exposure ave) tiG estimation, inverse-probability-of-treatment
weighting (IPTW) and parametric G-formula methodsaetter alternatives [46]. Network analysis is a
novel methodology for analysing effectiveness afgdrand may offer interesting perspectives [47].

Observational studies are also useful to estimaddity of life in real-life conditions [48]. The
influence of medications on well-being is probalhore important to assess than the effect on
mortality according to values and preferences afeoladults. Several validated tools have been
developed as self-reported quality-of-life survewys older adults, such as older people's QoL

guestionnaire (OPQOL), control-autonomy-satisfaciideasure - 19 items (CASP-19) and World
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Health Organization quality of life questionnaireversion for older people (WHOQOL-OLD) [49].
They provide feedback on the patients’ physical arehtal performance, can indicate a change in

health status and may be useful in predicting Buadverse events [48].

Optimal therapy in the care of older adults: what level of evidence?

According to the research question, the methodotdgapproach and the level of evidence require
careful thoughts. The classical hierarchies ofistife.g. Oxford centre for evidence based medicine
Bradford Hill's guideline, GRADE) in order to cataige the level of evidence does not necessarily
apply to all types of situations encountered inrptecoepidemiology studies [50]. However, while the
GRADE process (which is used in the developmentlimical guidelines) allocates RCTs as high
qguality and non-RCTs as low quality as a startiognp it does allow for increasing the quality of
evidence rating of observational studies where timye been robustly conducted and decreasing the
quality rating of RCTs where issues of bias, inestesicy, indirectness, or imprecision have been
identified [51]. Meta-analysis is considered as ligher level of evidence. However, meta-analyses
are often based on the synthesis of data issued dree type of study. Wald and Morris propose an
underused approach, called teleoanalysis, to obtajoantitative general summary of (a) the relation
between the cause of a disease and the risk adfishase and (b) the extent to which the diseasbe&an
prevented [52]. Teleoanalysis combines data frofferéint study designs (case reports or case series,
cohort or case-control studies, randomised clirtitalls, meta-analyses...) across all grades afezuie
rather than from one type of study. For instandewas recommended to use with caution
thiazolidinediones (TZDs) in the management of t@pdiabetes because these drugs may increase the
risk of heart failure (50). Singh et al conductelaoanalysis to 1) estimate the magnitude ofidie

of heart failure with TZDs using data from obselmaal studies and randomized controlled trials and
2) classify this adverse effect under the noveledone-susceptibility system using data from
published case reports and spontaneous reportstirer@anadian drug reaction monitoring program
[53]. The results confirmed the increased magnitafi@eart failure risk with TZDs. Teleoanalysis

could be especially useful when certain categasfegatients are excluded from randomised clinical
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trials, such as older people, in order to increaselevel of evidence. Overall, further advancethim
methodology and utilisation of pharmacoepidemiolsgiydies in the older population are required to
ensure that all evidence can be incorporated imttbeace-based practice (such as informing clinical

practice guidelines) [54].

Costs associated with drug therapy in older people

Expenditures on medicines are significantly higherong those aged 65 years and over than among
younger people. In the USA, the mean expenditurgrescribed medications is three times higher
among older adults compared to non-elderly ad@ltsS(324 vs $US 102) [55]. In Canada, while it is
estimated that older adults comprise 13.6% of thpufation, they are responsible for 39% of the
pharmaceutical expenditure [5@]he cost of pharmacological care associated wélottler population
can be expected to increase with the predictece@ser in number of older adults. The total costs
associated with drug therapy encompass both this émsmedication acquisition, administration and
monitoring (for example therapeutic drug monitojirgg well as costs that may arise due to adverse
drug events such as primary care visits, hospétadiss, laboratory tests and procedures, and
transportation to medical care facilities. Pharnegpodemiology studies are ideal to assist in
rationalising the costs of medication in the olg@pulation and ensuring adequate allocation of

resources [57].

Futuredirections

There are several initiatives occurring internaibnwith the aim of finding ways to improve the
development, the evaluation and the safety monigoof medicines for older patients.

Since 2011, the European Medicines Agency (EMA) fraposed specific guidelines for drug
development across the complete span of drug bfe@s well as information meant for older patients
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[58-59]. The EMA has also set up a geriatric exgedup on issues related to the older adults to
provide advice on both the designs of clinicall¢riand the baseline characteristics of the older
populations to be included (e.g. frailty, comorb&, comedications). Improving product information
to enhance the clarity of geriatric-specific issuesummaries of product characteristics and paekag
leaflets is also an important challenge for the EMApilot study is currently under way to decide on
the inclusion of adapted updates in the standarplees [56]. Regarding pharmacovigilance, the
EMA considers that benefit-risk assessment, meadicarrors and monitoring of specific side effects
occurring in older patients should be includedhe tisk management plan or as post-authorisation
measures. And lastly, a specific module of the ging on good pharmacovigilance practices
addressing the specific needs of the geriatric |adjon is being developed by the EMA.

The involvement of organisations representing titerests of older adults in Europe (e.g. AGE
platform Europe, European Union Geriatric MediciBeciety [EUGMS]) in the above described
initiatives is essential. Stakeholder and consugneups should also be involved with governments to
ensure that initiatives are relevant, feasible eana be implemented in a sustainable way. For igstan
EUGMS is a European clinician network whose go&bisnprove the use of drugs in older subjects, to
promote the inclusion of older people in clinicebls, to promote appropriate drug prescription in
older people, and to develop pharmacogeneticsnaseaolder patients [56-61].

Recently, the International Society of Pharmacospidlogy, considering that
pharmacoepidemiology is central to the understandindrug safety in older adults, has created a
geriatric pharmacoepidemiology special interestugrf62]. Its aims are to facilitate a collaborative
forum to discuss the challenges and endeavoursradtgc pharmacoepidemiology, to develop and to
improve the methods used with high-quality stansidodt geriatric pharmacoepidemiology research,
and to promote the geriatric perspective by outreacollaboration and educational activity
applications. For example, the optimizing geriapltarmacotherapy through pharmacoepidemiology
network (OPPEN) workshop defined 8 research présitor optimizing geriatric pharmacotherapy: 1)
quality of medication use; 2) vulnerable patienbups; 3) polypharmacy and multimorbidity; 4)
person-centred practice and research; 5) deprasgri®) methodological development; 7) variability

in medication use; and 8) national and internaticoenparative research [63].

Conclusion
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Given the international ageing population and tbstx associated with caring for older adults, it is
imperative to ensure that medicines are being agguatopriately and efficiently in this population.
More importantly, use of inappropriate medicaticas lead to harms in older adults and reduce their
quality of life. The field of pharmacoepidemiologyan greatly contribute towards improving the
quality use of medicines in older adults. Throughgdutilisation research, patterns of medicine use
(including inappropriate medicine use) can be a&sxkand used to inform interventions and changes in
policy and practice. Comparative effectiveness aese and pharmacovigilance contribute to the
knowledge of the benefits and harms of medicineimsiee real-world population, informing evidence-
based practice. However, there are challengesetdigld of pharmacoepidemiology and coordinated
and strategic initiatives are required internatityna order for this field to reach its full poteal of

optimising medicine use in older adults to imprbealth care outcomes.
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Table 1. Characteristics of randomised clinical trials (RE@and observational studies

Randomised clinical trials Observational studies

Usually limited sample size Usually large numbédrpatients
Selective population Real life conditions

Short-term follow-up Potential for long-term follewp
High internal validity Low internal validity

Low external validity High external validity

Reduced confounding High risk of confounding
Expensive Low cost or relatively inexpensive

21





