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Abstract
Major usage of medicine along with disease burden is much higher in older individuals, in general,
compared with younger adults; yet premarketing drug clinical trials have often excluded them even for
the drugs that have high utility in this age group. The older population is currently the fastest growing
age group in the United States, and this trend is expected to continue for several decades. Herein, we
discuss the information gap for older individuals and the need for a better understanding of the effect of
aging on drug responses. We also present cases for future directions, urging the implementation of
improved clinical trial designs using new and emerging pharmacokinetic and pharmacodynamic methods
to allow the provision of evidence-based individualized treatment to this high drug use group.
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Introduction
Medications need to be used with special caution because of age-related changes in
pharmacokinetics (ie, absorption, distribution, metabolism, and excretion) and
pharmacodynamics (the physiologic effects of the drug). The process of prescribing a
medication to older adults is complex and includes: deciding that a drug is indicated,
determining a dose and schedule appropriate for the patient's physiologic status, monitoring for
effectiveness and toxicity, educating the patient about expected side effects [1].
An increased volume of distribution may result from the proportional increase in body fat
relative to skeletal muscle with aging [2]. Decreased drug clearance may result from the natural
decline in renal function with age, even in the absence of renal disease. The same dose of
either medication would lead to higher plasma concentrations in an older, compared to
younger, patient. As examples, the volume of distribution for diazepam is increased, and the
clearance rate for lithium is reduced, in older adults. Also, from the pharmacodynamic
perspective, increasing age may result in an increased sensitivity to the effects of certain drugs,
including benzodiazepines [3-6] and opioids [7].
Medication Use by Older Adults
A survey in the United States of a representative sampling of 3005 community dwelling adults
(aged 57 through 85 years) was conducted by in-home interviews and use of medication logs
between 2005 and 2006 [8]. Medications are widely used by older adults.
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Herbal and dietary supplements — Use of herbal or dietary supplements (eg, ginseng,
ginkgo biloba extract, and glucosamine) by older adults has been increasing, from 14 percent
in older women in 1998 [9] to 26 to 27 percent in 2002 [10, 11] and 59 percent in 2014. Often,
clinicians do not question patients about use of herbal medicines and patients do not routinely
volunteer this information [12, 13].
Herbal medicines may interact with prescribed drug therapies and lead to adverse events,
Examples of herbal-drug therapy interactions include ginkgo biloba extract taken
with warfarin, causing an increased risk of bleeding, and St. John's wort taken with serotoninreuptake inhibitors, increasing the risk of serotonin syndrome in older adults [14]. A study of the
use of 22 supplements in a survey of 369 patients aged 60 to 99 years found potential
interactions between supplements and medications for 10 of the 22 supplements surveyed [15,
16]
.
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Quality Measures of Drug
A 2013 systematic review of eight studies of different
prescribing interventions in long-term care homes (medication
review, case conferences, staff education, clinical decision
support technology, and/or some combination of these)
showed no effect of the interventions on hospital admissions,
adverse drug events (ADEs), and mortality [17-19]
Polypharmacy
Polypharmacy is defined simply as the use of multiple
medications by a patient. While polypharmacy most
commonly refers to prescribed medications, it is important to
also
consider
the
number
of
over-the-counter
and herbal/supplements used [20].
It is seen that 20 percent of Medicare beneficiaries have five or
more chronic conditions and 50 percent receive five or more
medications [21]. The issue of polypharmacy is of particular
concern in older people who, compared to younger
individuals, tend to have more disease conditions for which
therapies are prescribed.
The use of greater numbers of drug therapies has been
independently associated with an increased risk for an adverse
drug event, irrespective of age [22].
There are multiple reasons why older adults are especially
impacted by polypharmacy:

Polypharmacy was an independent risk factor for hip
fractures in older adults in one case-control study,
although the number of drugs may have been an indicator
of higher likelihood of exposure to specific types of drugs
associated with falls (eg, CNS active drugs) [23, 24].
 Polypharmacy increases the possibility of “prescribing
cascades”. A prescribing cascade develops when an
adverse drug event is misinterpreted as a new medical
condition and additional drug therapy is then prescribed to
treat this medical condition.
 Use of multiple medications can lead to problems with
medication adherence, compounded by visual or cognitive
compromise in many older adults [25, 27].
It is particularly important to reconsider medication
appropriateness late in life. A model for appropriate
prescribing for patients late in life has been proposed [28].
Anticholinergic activity
Anticholinergics can precipitate an acute glaucoma episode in
patients with narrow angle glaucoma and acute urinary
retention in patients with benign prostatic hypertrophy. In a
population study of 6912 men and women 65 years and older,
those taking anticholinergic drugs were at increased risk for
cognitive decline and dementia and risk decreased with
medication discontinuation. In addition, anticholinergic
medication use was associated with increased mortality over a
two year period after adjustment for multiple factors, including
co morbid health conditions. Nonetheless, an analysis of US
medication expenditures between 2005 and 2009 found that
23.3 percent of community-dwelling persons >65 years with
dementia were prescribed medications with clinicallysignificant anticholinergic activity [29].
Summary and Recommendations
 The possibility of an adverse drug event (ADE) should
always be borne in mind when evaluating an older adult;
any new symptom should be considered drug-related until
proven otherwise. Pharmacokinetic changes lead to
increased
plasma
drug
concentrations
and



pharmacodynamic changes lead to increased drug
sensitivity in older adults.
A step-wise approach to prescribing for older adults
should include: periodic review of current drug therapy;
discontinuing unnecessary medications; considering nonpharmacologic alternative strategies; considering safer
alternative medications; using the lowest possible
effective dose; including all necessary beneficial
medications.

References
1. Cho S, Lau SW, Tandon V. Geriatric drug evaluation:
where are we now and where should we be in the future?
Arch Intern Med 2011; 171:937.
2. Rowe JW, Andres R, Tobin JD. The effect of age on
creatinine clearance in men: a cross-sectional and
longitudinal study. J Gerontol. 1976; 31:155.
3. Reidenberg MM, Levy M, Warner H. Relationship
between diazepam dose, plasma level, age, and central
nervous system depression. Clin Pharmacol Ther 1978;
23:371.
4. Pomara N, Stanley B, Block R. Adverse effects of single
therapeutic doses of diazepam on performance in normal
geriatric subjects: relationship to plasma concentrations.
Psychopharmacology (Berl) 1984; 84:342.
5. Pomara N, Stanley B, Block R. Increased sensitivity of the
elderly to the central depressant effects of diazepam. J
Clin Psychiatry. 1985; 46:185.
6. Herings RM, Stricker BH, de Boer A. Benzodiazepines
and the risk of falling leading to femur fractures. Dosage
more important than elimination half-life. Arch Intern
Med 1995; 155:1801.
7. Scott JC, Stanski DR. Decreased fentanyl and alfentanil
dose requirements with age. A simultaneous
pharmacokinetic and pharmacodynamic evaluation. J
Pharmacol Exp Ther. 1987; 240:159.
8. Qato DM, Alexander GC, Conti RM. Use of prescription
and over-the-counter medications and dietary supplements
among older adults in the United States. JAMA 2008;
300:2867.
9. Kaufman DW, Kelly JP, Rosenberg L. Recent patterns of
medication use in the ambulatory adult population of the
United States: the Slone survey. JAMA 2002; 287:337.
10. Kelly JP, Kaufman DW, Kelley K. Recent trends in use of
herbal and other natural products. Arch Intern Med 2005;
165:281.
11. Nahin RL, Fitzpatrick AL, Williamson JD. Use of herbal
medicine and other dietary supplements in communitydwelling older people: Baseline data from the ginkgo
evaluation of memory study. J Am Geriatr Soc. 2006;
54:1725.
12. Nahin RL, Pecha M, Welmerink DB. Concomitant use of
prescription drugs and dietary supplements in ambulatory
elderly people. J Am Geriatr Soc. 2009; 57:1197.
13. Eisenberg DM, Kessler RC, Foster C. Unconventional
medicine in the United States. Prevalence, costs, and
patterns of use. N Engl J Med. 1993; 328:246.
14. Fugh-Berman A. Herb-drug interactions. Lancet 2000;
355:134.
15. Wold RS, Lopez ST, Yau CL. Increasing trends in elderly
persons' use of nonvitamin, nonmineral dietary
supplements and concurrent use of medications. J Am
Diet Assoc. 2005; 105:54.
16. Morris CA, Avorn J. Internet marketing of herbal
products. JAMA 2003; 290:1505.

~ 15 ~

International Journal of Applied Dental Sciences

17. Spinewine A, Schmader KE, Barber N. Appropriate
prescribing in elderly people: how well can it be measured
and optimised? Lancet 2007; 370:173.
18. Alldred DP, Raynor DK, Hughes C. Interventions to
optimise prescribing for older people in care homes.
Cochrane Database Syst Rev 2013; 2:CD009095.
19. Wolfstadt JI, Gurwitz JH, Field TS. The effect of
computerized physician order entry with clinical decision
support on the rates of adverse drug events: a systematic
review. J Gen Intern Med. 2008; 23:451.
20. Ferner RE, Aronson JK. Communicating information
about drug safety. BMJ 2006; 333:143.
21. Tinetti ME, Bogardus ST Jr, Agostini JV. Potential
pitfalls of disease-specific guidelines for patients with
multiple conditions. N Engl J Med. 2004; 351:2870.
22. Field TS, Gurwitz JH, Avorn J. Risk factors for adverse
drug events among nursing home residents. Arch Intern
Med 2001; 161:1629.
23. Weng MC, Tsai CF, Sheu KL. The impact of number of
drugs prescribed on the risk of potentially inappropriate
medication among outpatient older adults with chronic
diseases. QJM 2013; 106:1009.
24. Lai SW, Liao KF, Liao CC. Polypharmacy correlates with
increased risk for hip fracture in the elderly: a populationbased study. Medicine (Baltimore) 2010; 89:295.
25. Rochon PA, Gurwitz JH. Optimising drug treatment for
elderly people: the prescribing cascade. BMJ 1997;
315:1096.
26. Boyd CM, Darer J, Boult C. Clinical practice guidelines
and quality of care for older patients with multiple
comorbid diseases: implications for pay for performance.
JAMA 2005; 294:716.
27. Steinman MA, Hanlon JT. Managing medications in
clinically complex elders: There's got to be a happy
medium. JAMA 2010; 304:1592.
28. Holmes HM, Hayley DC, Alexander GC, Sachs GA.
Reconsidering medication appropriateness for patients late
in life. Arch Intern Med 2006; 166:605.
29. Mitchell SL, Teno JM, Kiely DK. The clinical course of
advanced dementia. N Engl J Med 2009; 361:1529.

~ 16 ~

