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The aging process is linked to changes in the physiological function of organs and changes in body 
composition that alter the pharmacokinetics of drugs and pharmacodynamic responses. Comorbid-
ity and polypharmacy in the elderly decreases tolerability of drugs, leading to greater vulnerability 
to adverse drug reactions than that observed in younger adults. In geriatric pharmacotherapy, the 
general recommendation is dose reduction and slow titration, which is based on pharmacokinetic 
considerations and concern for adverse drug reactions, rather than clinical trial data. Older patients 
are under-represented in clinical trials. In the absence of evidence, extrapolation of risk–benefit 
ratios from younger adults to geriatric populations is not necessarily valid. Sound evidence through 
prospective clinical trials is essential, and geriatric societies, governments, and patient advocacy 
groups should collaborate to promote the inclusion of older people in clinical trials. It is believed 
that all involved in clinical trials have both an obligation and an opportunity to eliminate age dis-
crimination in clinical trial practice.

Introduction
  The most important and common medical intervention in the 
elderly is drug therapy. Due to unprecedented increases in the 
proportion of elderly people in a population, an understand-
ing of geriatric pharmacology has become very important for 
drug therapy in elderly patients. In addition to drug treatment 
itself for medical problems caused by aging, such as dementia 
and degenerative diseases, elderly patients experience many 
treatment-related problems compared with younger patients. 
Examples of such problems include reduction in physiological 
function, change in pharmacokinetics/pharmacodynamics, and 
vulnerability to adverse drug reactions, polypharmacy, drug in-
teractions, and low compliance. Understanding the various fac-
tors that affect drug treatment outcomes in the elderly requires 
knowledge of basic and clinical pharmacology of geriatrics. 
Using this knowledge, attention should be applied to providing 
appropriate drug therapy.[1]
  Organ function is reduced and body composition is altered 
with age. The pharmacokinetic processes of absorption, distri-
bution, metabolism, and excretion differ compared with young 

adults. Moreover, the elderly have greater risk of disease because 
of the aging process, which is accompanied by multiple chronic 
conditions. Drug tolerability decreases, while patients are often 
exposed to multiple drugs. Therefore, elderly patients are much 
more vulnerable to adverse drug reactions than younger adults. 
The fifth most common cause of hospitalization in elderly pa-
tients is related to drug use, and accounts for approximately 20% 
of hospitalizations.[2] Concomitant use of more than 5 drugs 
(polypharmacy) is observed in 20 to 40% of elderly patients.[3] 
Thus, the risk of adverse drug events due to drug–drug interac-
tions is high. In addition, it is common to administer new drugs 
to elderly patients for the relief of an atypical symptom without 
appropriate evaluations; this causes new drug-induced side ef-
fects and perpetuates a vicious circle. 
  Prescribing for geriatric patients requires an understanding 
of the efficacy of medication in older people, an assessment of 
the risk of adverse drug events, and a decision about the dosage 
regimen and careful monitoring of the patient's response. This 
requires an evaluation of evidence through clinical trials. Given 
that most diseases occur in older people, and that this patient 
group is the major recipients of drug therapy, more research and 
a better evidence base through clinical trials is essential to guide 
clinicians who manage geriatric patients.[4] Patients older than 
65 years are not well represented in clinical trials,[5] and this 
under-representation impacts the care of elderly patients.[6] 
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  The elderly population in Korea has increased rapidly. In 2011, 
the proportion of the population aged over 65 was 12.2%.[7] 
Similarly, medical expenses of the elderly have increased expo-
nentially and accounted for 33.3% of the total medical costs for 
Korea in 2012.[8] New drugs and treatments that have under-
gone evaluation during clinical trials will provide great benefit 
to the elderly. However, the participation of elderly patients in 
clinical trials is not usually favored; therefore, there is a lack of 
evidence for optimum therapy for elderly patients, especially 
in the cases of comorbidity and polypharmacy. The regulatory 
agencies of Europe and the United States have been aware of 
the relevance of obtaining information concerning the efficacy 
and safety of new drugs in the elderly since the late 1980s. In 
1994, the International Conference of Harmonization (ICH E7) 
guidance on studies in support of geriatric population clearly 
stated that age should not be a barrier to participation in clini-
cal trials.[9] The guidance states that “There is no good basis 
for the exclusion of patients on the basis of advanced age alone, 
or because of the presence of any concomitant illness or medi-
cation, unless there is reason to believe that the concomitant 
illness or medication will endanger the patient or lead to confu-
sion in interpreting the results of the study. Attempts should be 
made to include patients over 75 years of age and those with 
concomitant illness and treatments.”[9] According to this guid-
ance, separate pharmacokinetic and pharmacodynamic studies 
of older populations may be needed, particularly when assess-
ing drugs that target the central nervous system, which implies 
special consideration of geriatric pharmacology is necessary.
   Good understanding of geriatric clinical pharmacology is 
essential for appropriate patient care and clinical trials in the 
elderly. This article presents a brief review of principles of ge-
riatric clinical pharmacology and discusses the challenges and 
opportunities to participation of the elderly in clinical trials.

Clinical pharmacology of the elderly

Pharmacokinetics
  All aspects of pharmacokinetics are affected by aging. The 
change in absorption is often not a major clinical problem, but 
significant changes can be observed in distribution, metabo-

lism, and excretion of drugs. Decreased drug clearance is an 
obvious finding because of reduced renal excretion and hepatic 
metabolism in older adults. These pharmacokinetic differences 
can be the basis for predicting the safety and efficacy of drugs 
commonly used in the elderly. All aspects of pharmacokinetics 
are affected by aging (Table 1).
  Evidence of the effects of aging on pharmacokinetic parame-
ters can be generated with a dedicated clinical pharmacokinetic 
study or population pharmacokinetic data analysis. For drugs 
that will be mainly used by elderly patients, a dedicated 
pharmacokinetic study in elderly subjects is usually required for 
a new drug application according to ICH E7 guidelines. If pos-
sible, a population pharmacokinetic approach can be applied by 
obtaining a small number of samples per patients in late-phase 
clinical trials, followed by an attempt to explore the effects of ag-
ing on pharmacokinetics through pharmaco-statistical model-
ing analysis.[9]  

Absorption
  Aging can cause changes in the absorption process of the drug. 
Gastric acid secretion deceases, intragastric pH increases, gas-
tric emptying time is delayed because of decreased motility of 
the gastrointestinal tract, and blood flow in the gastrointestinal 
tract is reduced.[4] Such changes may not significantly affect 
the extent of drug absorption, and rarely lead to clinically sig-
nificant changes in the drug absorption process. One exception 
is levodopa, which requires particular attention because its ab-
sorption may increase due to a reduction in dopa-decarboxylase 
in the gastrointestinal mucosa causing an increase in drug levels 
in the blood.[10]

Distribution
  Changes in body composition in older adults are characterized 
by a progressive reduction in total body water and lean body 
mass, resulting in a relative increase in body fat.[11] This change 
can affect the volume of distribution (Vd) of the drug. For lipid-
soluble drugs, such as diazepam and thiopentone, Vd increases, 
leading to prolonged half-life and duration of action. In the case 
of water-soluble polar drugs, such as digoxin and theophylline, 
there is an initial rapid elevation in plasma concentration fol-
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Table 1. Pharmacokinetic changes in the elderly

T1/2 = elimination half-life; Vd = volume of distribution; ↑= increase; ↓= decrease

Process Change Clinical Significance

Absorption Generally unchanged Little
Distribution (Vd) ↑Hydrophobic drug ↑T1/2

↓Hydrophilic drug ↑Plasma Concentration
↓Albumin ↑Free Drug Concentration

Metabolism ↓Hepatic Blood Flow ↑T1/2

↓Liver mass
Excretion ↓Glomerular filtration rate ↑T1/2
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lowing drug administration due to decreased Vd.[12]
  In addition, protein binding of drug decreases and free frac-
tion increases in the elderly. Such changes may be marked with 
acidic drugs, such as cimetidine and furosemide.[13] However, 
clinical relevance is probably limited in most cases because the 
initial and transient effect of protein binding on free plasma 
concentration is rapidly counterbalanced by its effects on clear-
ance.[14]

Metabolism
  Studies on human liver tissue showed that cytochrome (CYP) 
P450 enzyme activity is maintained even with advanced age.
[15] These results were confirmed by in vivo studies for CYP3A 
activity.[16] Aging is associated with a 40% reduction in hepatic 
blood flow and 30% reduction in liver mass.[1] Because the 
activity of drug metabolizing enzymes is preserved, impaired 
hepatic drug clearance in older people is probably represented 
by age-related changes in liver size and hepatic blood flow.[17]
  Orally administered drugs with large flow–dependent first-
pass effects (e.g., labetalol, propranolol, verapamil, and mor-
phine) should be used with caution because the reduction in 
hepatic blood flow could lower the first-pass effect and increase 
drug concentrations in the elderly.

Excretion
  It is well known that renal function progressively decreases 
with increasing age, and when accompanied by a chronic dis-
ease, the decrease in function is further accelerated. However, 
serum creatinine concentration in older adults is not high 
enough to accurately reflect renal function because of signifi-
cantly reduced muscle mass.[18] Calculating creatinine clear-
ance as a standard indicator of glomerular filtration should be 
conducted to estimate renal function. In the case of drugs main-
ly excreted via kidney, appropriate dose adjustments should be 
made for older patients.

Pharmacodynamics
  The action of a drug is derived from its interaction with its tar-
get receptor leading to apparent drug responses. Aging is associ-
ated with changes in pharmacodynamics and ability to maintain 
homeostasis in the body. A well-known example is the reduced 
reactivity of β-adrenergic receptors in the elderly. The affinity 
and number of β-adrenergic receptors are reduced,[19] and it is 
thought to be due to changes in the signal transduction system 
downstream of receptor binding. In contrast, the sensitivity of 
neuropsychiatric drugs, including benzodiazepine, is generally 
increased in the elderly, resulting in psychomotor dysfunction 
at lower doses than in younger adults.[20] It is often difficult to 
make generalizations because the effect of age on drug sensitiv-
ity varies with the drug studied and the response measured. 
Some important age-related changes in pharmacodynamics are 
illustrated in Table 2. 
  The homeostatic response provides important information to 

explain the overall reaction of the body to a drug. In the elderly, 
homeostatic regulation of the body is reduced. For example, 
mean blood pressure is increased, but the occurrence of ortho-
static hypotension increases significantly. Two-hour postprandi-
al blood glucose levels increase by about 1 mg/dL every year af-
ter 50 years of age. Temperature control function also decreases, 
which explains why older adults are less likely to withstand cold 
environments.[21]

Adverse drug reactions and drug interactions
  Aging brings about changes in pharmacokinetc and pharma-
codynamic processes; thus, drug-related adverse effects occur 
frequently in the elderly. In addition, the elderly tend to have 
multiple chronic diseases requiring polypharmacy leading to 
undesirable drug interactions. Risk of drug-related adverse ef-
fects increases exponentially with the number of drugs used. 
To date, studies that investigate drug–drug interactions in the 
elderly population are rarely conducted. Inhibition of drug me-
tabolism by other drugs does not appear to be altered with age. 
For example, ciprofloxacin and cimetidine suppress the me-
tabolism of theophylline by about 30% in both healthy elderly 
and young adults. The effects of aging on the induction of drug 
metabolism are diverse. For example, induction of theophylline 

Drug Pharmacodynamic effect
Age-related 

change

Adenosine Heart-rate response ↔

Diazepam Sedation, postural sway ↑

Diltiazem 
Antihypertensive effect ↑

Acute PR interval prolongation ↓
Diphenhydr-

amine
Postural sway ↔

Enalapril ACE inhibition ↔

Furosemide Peak diuretic response ↓

Heparin Anticoagulant effect ↔

Isoproterenol Chronotropic effect ↓

Morphine 
Analgesic effect ↑

Respiratory depression ↔

Phenylephrine Alpha1-adrenergic responsiveness ↔

Propranolol
Antagonism of chronotropic effects 
of isoproterenol

↓

Scopolamine Cognitive function ↓

Temazepam Postural sway ↑

Verapamil Acute antihypertensive effect ↑

Warfarin Anticoagulant effect ↑

↑= increase; ↓= decrease; ↔ = no significant change

Table 2. Selected pharmacodynamic changes in the elderly (quoted 
from Ref. 12)
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metabolism by phenytoin can occur in a similar manner in the 
young and the elderly; however, the induction effect of rifampin 
on drug metabolism is decreased in the elderly.[22] This infor-
mation is reflected relatively well in the label of drugs recently 
approved by the United States Food and Drug Administration 
that are commonly prescribed to elderly patients. In the case 
of the anticoagulant dabigatran, the effect on CYP enzyme–
based metabolic interaction is minimal; however, the drug is 
a substrate for P-glycoprotein, so attention should be paid for 
potential P-glycoprotein–mediated inhibition or induction.[23] 
  There is a possibility that the use of 2 or more agents with 
similar adverse event profiles causes serious toxicity in the el-
derly. For example, concomitant use of 2 or more drugs among 
anti-parkinson agents, tricyclic antidepressants, antipsychotics, 
anti-arrhythmics, and antihistamines can cause or exacerbate 
anti-cholinergic symptoms such as dry mouth, blurred vision, 
constipation, and urinary retention.[24] Indeed, elderly patients 
should avoid many drugs because adverse events outweigh the 
benefits of taking the drug. The American Geriatrics Society ex-
pert panel periodically updates and publishes the Beers Criteria 
for potentially inappropriate medication use in older adults.[25]

Considerations for effective pharmacotherapy 
in the elderly
  The amount of a drug required to achieve a desirable effect dif-
fers between individuals. Greater variation is observed between 
elderly patients, and the consensus is that drug doses should be 
lowered in elderly patients. When prescribing drug therapies it 
is important to use the minimal dose required to obtain clini-
cal benefit. The “start low and go slow” rule is recommended 
and involves minimizing the initial dosage, dose titration, and 
close monitoring according to the condition of the patient.[26] 
In addition, elderly patients frequently have prescriptions for 
multiple drugs from more than one doctor; thus, a thorough 
medical and medication history is important. 
  Medication non-adherence is a major problem with geriatric 

patients. Approximately 50% of elderly patients do not follow 
directions for taking medication, and often take a lower dose 
than prescribed.[27] Barriers to compliance include chronic 
medical conditions, polypharmacy, complex regimens, a higher 
prevalence of adverse drug reactions, cognitive impairment, 
and dysphagia.[28] Therefore, it may be necessary to simplify 
the dosage regimen in order to increase compliance.

Under-representation of the elderly in clinical 
trials
  Older patients are under-represented in clinical trials because 
they are considered a socially vulnerable population. However, 
it is not necessarily valid to extrapolate risk–benefit ratios from 
younger adults to geriatric populations in the absence of evi-
dence. In 1997, a descriptive investigation of 4 major medical 
journals reported that approximately 35% of clinical studies did 
not involve elderly patients and did not offer a valid reason.[29] 
A similar investigation was performed in 2004 and revealed 
that 15% of clinical studies still excluded the elderly population 
without legitimate reason.[30] Despite the fact that the elderly 
represent the majority of patients who die of cancer, they rep-
resent one quarter of participants for cancer therapy clinical 
trials conducted in the United States.[31,32] According to the 
PREDICT (increasing the PaRticipation of the ElDerly in Clini-
cal Trials) study, 64 out of 251 heart failure clinical trials (25.5%) 
arbitrarily determined the upper age limit of trial participants. 
Elderly patients were prevented from participating in 109 clini-
cal trials (43.4%) by constraints other than age. For example, 
patients were excluded because of mild concomitant disease, 
visual impairment, and hearing impairment, even though there 
was no cause for concern with the safety of these subjects in the 
participating clinical trials.[33]
  Compared with their younger counterparts, elderly people 
have increased rates of comorbidities and complications. Be-
sides physical disadvantages, the perceptions of health care pro-
fessionals and family members can make it difficult for elderly 

Table 3. Selected barriers and solutions for participation of the elderly in clinical trials (quoted from Ref.36)

Patient-Related Physician-Related Trial-Related

Barriers

Logistics Perceptions Strict inclusion criteria 

Finances Culture Poor methods for evaluating functional status

Lack of understanding of benefits 
Complex pharmacokinetics/pharma-
codynamics

Lack of funding dedicated to elderly population

Autonomy Lack of evidence 

Solutions

Provide transportation Elder-focused studies Create geriatric-focused trials

Provide lodging Improved communication Increase/fund studies of elderly population

Research nurses, trial coordinators
Increase physician training in geriat-
rics specialty

Improved communication
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patients to participate in clinical trials.[34] Such enrollment bar-
riers have gained interest in the past decades.[6] Although nu-
merous solutions have been proposed, implemented solutions 
have had limited success. It has been suggested that a larger, 
more succinct effort is necessary from the medical community.
[6,35] Barriers and solutions for inclusion of elderly patients in 
clinical trials are summarized in Table 3.[36] Older participants 
representative of those seen in clinical practice must be included 
in clinical trials to better understand the benefits and potential 
adverse effects of new drugs in the elderly population.[37]

Effort for promoting the inclusion of represen-
tative older participants in clinical trials
  Many challenges are faced when conducting clinical trials 
in the elderly. The removal of specific upper age limits from 
clinical trial protocols, while strongly recommended, was not 
thought to be sufficient to resolve the under-representation of 
this patient population [38]. There has been some effort to over-
come this through active discussion by experts. A roundtable 
discussion on the participation of older adults in clinical trials 
took place at the American Geriatrics Society annual meeting in 
2009. It provided an opportunity to discuss the shared views of 
the American Geriatrics Society, the European Union Geriatric 
Medicine Society, and regulatory agencies of Europe and United 
States. The main discussion points are summarized here.[39] 
  The first challenge is the need to justify inclusion and exclu-
sion criteria clearly. Selection criteria results in the exclusion of 
older adults with complex illnesses and multiple diseases, who 
are common in clinical practice. To address this bias, inclusion 
and exclusion criteria should be clear, simple, and aimed at 
limiting the number of participants who are considered ineli-
gible because of comorbidity and concomitant medications. 
The second challenge is the need to reduce dropouts during 
follow-up. Study design should support the participation of 
older people who may have difficulty with multiple study visits 
(e.g., providing transportation or performing home follow-
up). The third issue that must be addressed is the difficulty of 
obtaining informed consent from elderly participants who are 
often cognitively impaired or have psychiatric problems, such as 
depression.[40] Careful attention to screening for cognitive im-
pairment, determining that the individual is capable of under-
standing the risks and benefits of participation, use of objective 
observers in the consent process, and involving proxy decision-
makers when appropriate can help overcome these challenges. 
The fourth challenge is the need for measurement and adjust-
ment for comorbidity. There are no standards or agreement on 
how to measure comorbidity in clinical trials. Comorbidity and 
multiple medications contribute to increased susceptibility to 
adverse drug events, which can result in selective attrition and 
missing data. The complexity and heterogeneity of the geriatric 
population make this standard approach challenging. There are 
no easy solutions to these concerns, but they highlight the ne-
cessity for future research to refine the methodology of clinical 

trials performed in older adults with multiple morbidities.[41] 
Finally, the choice of outcomes relevant to older adults is criti-
cal. Some outcomes are likely to be more relevant for assessing 
efficacy (e.g., cognitive decline and quality of life); others might 
be more relevant for safety assessment (e.g., falls and delirium). 
Because older adults are heterogeneous and their response to 
interventions variable, many outcome measures may not be 
normally distributed. This possibility must be taken into ac-
count in the design and analysis of clinical studies. 
  Despite challenges, it is imperative that geriatric society orga-
nizations and patient advocacy groups work together to halt 
age discrimination in clinical trials. Older people who are more 
characteristic of those seen in clinical practice must be included 
in clinical trials to achieve the goal of safe and effective drug 
therapy for this growing patient population.[39] 

Conclusion
  Ultimately, the goal of medical intervention in older patients is 
to improve the quality of the remainder of their life. Drug thera-
py is the most important intervention directed toward this goal. 
Clinical pharmacology, drug efficacy, and drug safety differ 
in elderly patients compared with their younger counterparts. 
Therefore, a different approach is necessary to provide optimal 
care to these complex patients. The geriatric dosing axiom, “start 
low and go slow” is based on pharmacokinetic considerations 
and concern for adverse drug reactions, rather than clinical trial 
data. Sound evidence through prospective clinical trials is es-
sential especially in elderly patients with multiple comorbidities 
and polypharmacy who are more typical of the patients seen in 
clinical practice. The design of clinical trials should consider the 
inclusion of these complex older patients and make provisions 
for concerns about the higher complexity of the trials, such as 
multiple measurements, higher attrition rate, multicenter het-
erogeneity, and higher costs. Therefore, geriatric societies, gov-
ernments, and patient advocacy groups should collaborate to 
generate widespread support to promote the inclusion of older 
people in clinical trials. It is believed that all involved in clinical 
trials have both an obligation and an opportunity to eliminate 
age discrimination in clinical trial practice.

Conflict of Interest
The author has no conflicts of interest.

References
 1.  McLean AJ, Le Couteur DG. Aging biology and geriatric clinical pharmacol-

ogy. Pharmacol Rev 2004;56:163-184.

 2.  Mannesse CK, Derkx FH, de Ridder MA, Man in't Veld AJ, van der Cam-
men TJ. Adverse drug reactions in elderly patients as contributing factor for 
hospital admission: cross sectional study. BMJ 1997;315:1057-1058.

 3.  Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in 
elderly. Expert Opin Drug Saf 2014;13:57-65. 

 4.  Hilmer SN, McLachlan AJ, Le Couteur DG. Clinical pharmacology in the 
geriatric patient. Fundam Clin Pharmacol 2007;21:217-230.

 5.  Unger JM, Coltman CA Jr, Crowley JJ, Hutchins LF, Martino S, Livingston 



Vol. 22, No.2, December 30, 2014
69

TCP 
Transl Clin Pharmacol

Jae-Yong Chung

RB, et al. Impact of the year 2000 Medicare policy change on older patient 
enrollment to cancer clinical trials. J Clin Oncol 2006;24:141-144.

 6.  Hutchins LF, Unger JM, Crowley JJ, Coltman CA, Jr, Albain KS. Under-
representation of patients 65 years of age or older in cancer-treatment tri-
als. N Engl J Med 1999;341:2061-2067.

 7.  Statistics Korea, Population Projections for Korea: 2010-2060. Available at 
http://kostat.go.kr/portal/english/news/1/9/index.board?bmode=download
&bSeq=&aSeq=253456&ord=2 Assessed October 15, 2014.

 8.  Health Insurance Review & Assessment Service. Statistics of total medical 
expenses: 2008-2012. Seoul: Health Insurance Review & Assessment 
Service; 2012.

 9.  International conference on harmonization of technical requirements for 
registration of pharmaceuticals for human use. Studies in support of spe-
cial populations: geriatric E7, 1994.

10.  Robertson DR, Wood ND, Everest H, Monks K, Waller DG, Renwick AG, 
et al. The effect of age on the pharmacokinetics of levodopa administered 
alone and in the presence of carbidopa. Br J Clin Pharmacol 1989;28:61-
69.

11.  Fülöp T Jr, Wórum I, Csongor J, Fóris G, Leövey A. Body composition in 
elderly people. I. Determination of body composition by multiisotope meth-
od and the elimination kinetics of these isotopes in healthy elderly sub-
jects. Gerontology 1985;31:6-14.

12.  Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics and 
pharmacodynamics: basic principles and practical applications. Br J Clin 
Pharmacol 2004;57:6-14.

13.  Grandison MK, Boudinot FD. Age-related changes in protein binding of 
drugs: implications for therapy. Clin Pharmacokinet 2000;38:271-290.

14.  Benet LZ, Hoener BA. Changes in plasma protein binding have little clini-
cal relevance. Clin Pharmacol Ther 2002;71:115-121.

15.  Hunt CM, Westerkam WR, Stave GM. Effect of age and gender on the 
activity of human hepatic CYP3A. Biochem Pharmacol 1992;44:275-283.

16.  Hunt CM, Westerkam WR, Stave GM, Wilson JA. Hepatic cytochrome P-
4503A (CYP3A) activity in the elderly. Mech Ageing Dev 1992;64:189-199.

17.  Schmucker DL. Liver function and phase I drug metabolism in the elderly: 
a paradox. Drugs Aging 2001;18:837-851.

18.  Viallon A, Guyomarch P, Marjollet O, Belin M, Robert F, Berger C, et al. 
Creatinine clearance and drug prescriptions for the elderly. A study of 419 
patients older than 70 years admitted through the emergency department. 
Presse Med 2006;35:413-417.

19.  Vestal RE, Wood AJ, Shand DG. Reduced beta-adrenoceptor sensitivity 
in the elderly. Clin Pharmacol Ther 1979;26:181-186.

20.  Kruse WH. Problems and pitfalls in the use of benzodiazepines in the el-
derly. Drug Saf 1990;5:328-344.

21.  Turnheim K. When drug therapy gets old: pharmacokinetics and pharma-
codynamics in the elderly. Exp Gerontol 2003;38:843-853.

22.  Crowley JJ, Cusack BJ, Jue SG, Koup JR, Park BK, Vestal RE. Aging and 
drug interactions. II. Effect of phenytoin and smoking on the oxidation of 
theophylline and cortisol in healthy men. J Pharmacol Exp Ther 1988;245 
:513-523.

23.  Hellwig T, Gulseth M. Pharmacokinetic and pharmacodynamic drug in-
teractions with new oral anticoagulants: what do they mean for patients 
with atrial fibrillation? Ann Pharmacother 2013;47:1478-1487.

24.  Katz IR, Stoff D, Muhly C, Bari M. Identifying persistent adverse effects of 
anticholinergic drugs in the elderly. J Geriatr Psychiatry Neurol 1988;1:212-
217.

25.  American Geriatrics Society 2012 Beers Criteria Update Expert Panel. 
American Geriatrics Society updated Beers Criteria for potentially inap-
propriate medication use in older adults. J Am Geriatr Soc 2012;60:616-
631. 

26.  Gurwitz JH. Start low and go slow: dosing of antipsychotic medications in 
elderly patients with dementia. Arch Intern Med 1995;155:2017-2018.

27.  Lister J. By the London post. Compliance in clinical care -- Congress in 
Vienna -- health services quangos. N Engl J Med 1979;301:1226-1227.

28.  Hughes CM. Medication non-adherence in the elderly: how big is the prob-
lem? Drugs Aging 2004;21:793-811.

29.  Bugeja G, Kumar A, Banerjee AK. Exclusion of elderly people from clinical 
research: a descriptive study of published reports. BMJ 1997;315:1059.

30.  McMurdo ME, Witham MD, Gillespie ND. Including older people in clinical 
research. BMJ 2005;331:1036-1037.

31.  Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statistics, 2000. CA 
Cancer J Clin 2000;50:7-33.

32.  Townsley CA, Selby R, Siu LL. Systematic review of barriers to the recruit-
ment of older patients with cancer onto clinical trials. J Clin Oncol 
2005;23:3112-3124.

33.  Cherubini A, Oristrell J, Pla X, Ruggiero C, Ferretti R, Diestre G, et al. The 
persistent exclusion of older patients from ongoing clinical trials regarding 
heart failure. Arch Intern Med 2011;171:550-556. 

34.  Bernabei R, Gambassi G, Lapane K, Landi F, Gatsonis C, Dunlop R, et al. 
Management of pain in elderly patients with cancer. SAGE Study Group. 
Systematic Assessment of Geriatric Drug Use via Epidemiology. JAMA 
1998;279:1877-1882.

35.  Aapro MS, Köhne CH, Cohen HJ, Extermann M. Never too old? Age 
should not be a barrier to enrollment in cancer clinical trials. Oncologist 
2005;10:198-204.

36.  Denson AC, Mahipal A. Participation of the elderly population in clinical 
trials: barriers and solutions. Cancer Control 2014;21:209-214.

37.  Rochon PA, Anderson GM. Prescribing optimal drug therapy for older 
people: sending the right message: comment on "impact of FDA black box 
advisory on antipsychotic medication use".  Arch Intern Med 2010;170:103-
106. 

38.  Crome P, Lally F, Cherubini A, Oristrell J, Beswick AD, Clarfield AM, et al. 
Exclusion of older people from clinical trials: professional views from nine 
European countries participating in the PREDICT study. Drugs Aging 
2011;28:667-677. 

39.  Cherubini A, Del Signore S, Ouslander J, Semla T, Michel JP. Fighting 
against age discrimination in clinical trials. J Am Geriatr Soc 2010;58:1791-
1796. 

40.  Barron JS, Duffey PL, Byrd LJ, Campbell R, Ferrucci L. Informed consent 
for research participation in frail older persons. Aging Clin Exp Res 
2004;16:79-85.

41.  Tinetti ME, Bogardus ST Jr, Agostini JV. Potential pitfalls of disease-spe-
cific guidelines for patients with multiple conditions. N Engl J Med 
2004;351:2870-2874.


