Costs of Drug Therapy in the US

* Drug therapy is cost effective overall
- It averages 10-11% of the total health care
expenditure of $1.435 trillicn per year
— It is estimated that 85-90% of patients get well or
better with drug therapy
* However, it is estimated that for every dollar
spent on drug therapy, up to TWO dollars are
spent on resufting drug related problems (DRPs)
s Elderly patients are more vulnerable to these
DRPs than younger patients
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Even though drug therapy is cost

effective overall, drug related
problems still occur These
problems include inappropriate

provision of drugs to the patient,
inappropriate taking of drugs by
the patient, and inappropriate
monitoring for efficacy and toxic-
ity of drug therapy [see next
slide].

Costs of DRPs include lost pro-
ductivity at work, excess physi-
cians visits, hospitalizations, etc.
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Types of DRPs
* Inapproprate prescribing
* Inappropriate dispensing
* Patient noncompliance
* Inappropriate monitoring for:
- Efficacy
— Drug interactions
= Other drugs
« Disease states
* Food
— Adverse drug reactions / Side effects

DRPs D% A 7

O HEFERNE
& B IE R A
ERFED) I TIALT LR
e THEELT L F
- hE
SEMARE &M
it 0 5 i
R O R EE
%
S FER W 8I{E R

This slide summarizes the major
broad categories of drug related
problems.
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Demographics in the US

» Since 1900 life span has increased by
25 years
» People older than 63
- 12% in 1990
- 20% in 2000
e People older than 85
— Fastest growing age group
~ 5% by 2050
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As was mentioned previously,
older patients are disproportion-
ately affected by drug related
problems. And, largely becau-
se of improvements in health
care, the population as a whole
is aging. The proportion of pa-
tients over the age of 65 will
continue to increase, therefore,
providing ongoing challenges
for health care professionals.
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Overview of DRPs in the Elderly

Factors in Drug Related Problems

Changes with aging
+
Use of muftiple drugy

Noncompliance Drug Adverse

Iateractions Drug Reactions
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This slide summarizes some of
the factors involved in drug re-
lated problems. The elderly
experience both physiological
and psychosocial changes with
aging. This, coupled with the
fact that they tend to use more
medications than younger pa-
tients, makes them vulnerable to
drug related problems (also
called medication misadven-
tures).

Although there are many poten-
tial DRPs, we will focus on non-
compliance, drug interactions
(DIs) and adverse drug reactions
(ADRs). These will be dis-
cussed later in the lecture.
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Physiological Functioning
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We will first discuss physiological
changes with aging. This is a hy-
pothetical graph representing the
decrease in physiological func-
tioning that occurs over time.

Organs and organ systems work
less effectively with age. Exam-
ples include decreasing kidney
and liver function and decreasing
cardiac output. Usually these are
normal changes with age, and
they do not present a problem.
|As an example, a person may
lose (or donate) an entire kidney
or lung and not suffer adverse ef-
fects.]  Physiologic reserve is
decreased, however, making the
elderly more vulnerable to
Stresses.
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Physiological Changes

* How the body affects drugs
* Pharmacokinetics

e How drugs affect the body
* Pharmacodynamics

* Sensory changes
— Decreased viswal acuity
— Decreased hearing
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Pharmacokinetics relates to how the body
processes and eliminates drugs. Changes
in pharmacokinetics can result in changes
in the plasma concentrations of drugs.

Pharmacodynamic changes are those re-
sulting from changes in organ systems, re-
ceptors, etc. These often cause the body
to be more sensitive to both the therapeutic
and toxic effects of drugs.

Sensory changes can affect the way older
patients receive and process information.
Decreased vision can result from cataracts
and/or presbyopia (“old eyes” — problems
seeing small print without reading glasses).
This may mean that labels and other written
instructions are difficuit to understand.

Loss of hearing can also isolate patients,
making verbal patient counseling very dif-
ficult. Since higher frequencies of sound
are lost before lower frequencies, it may
help to speak in a lower as well as a louder
voice. This is particularly true for women
health care professionals whose voices tend
to be higher pitched. It also helps to speak
very clearly while looking directly at the
patient.

Family members, if present, can be very
helpful.  For patients with cognitive prob-
lems (dementia), it is almost a requirement
that a care giver be present to help in com-
munication.
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Pharmacokinetic Changes

* With aging there are changes in how
the body processes drugs
— Absorption
— Distribution
— Metabolism
- Excretion
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In the next few slides, we will
discuss changes with age in the
four principle pharmacokinetic
processes, absorption, distribu-
tion, metabolism and excretion.
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Absorption

* Absorption is the movement of drug

from digestive tract to bloodstream
* It is little changed with aging overall

* Although the rate of absorption may be
somew hat slower, the extent of
absorption (area under the curve) 1s
similar
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Absorption is probably the least
changed pharmacokinetic process
with aging.  Bioavailability of
drug products is usually the same
in younger and older patients, alt-
hough the rate of absorption may
be somewhat decreased with age.
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Distribution

* Distribution is the movement of drug from
bloodstream to site of action

* Distribution is dependent upon:

— Bady cemposition
* Lipid in¢reases relative Lo waler

— Blood flow
* Decreases with age

— Protein binding
* Decreased albumin
* Possibly decreased tissue binding (e..g.. digoxin)
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Distribution i1s changed with
aging to a greater degree than
absorption. The relative
amount of lipid (fat tissue) in-
creases compared with lean tis-
sue (muscle). Because of this,
lipophilic drugs (e.g., benzodia-
zepines, anesthetics, etc.) have a
larger volume of distribution and
may need a larger loading dose
and longer dosing interval.
Hydrophilic drugs (e.g., amino-
glycosides) may need a smaller
loading dose. In reality, 1t is
rare that large dosing adjust-
ments must be made, but it is
good to keep changing body
composition in mind.

Blood flow decreases, possibly
slowing the distribution of some
drugs. And decreased plasma
proteins, especially albumin,
may cause increased free frac-
tions of some highly protein
bound drugs such as warfarin
and phenytoin.
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Metabolism

* Metabolism is the conversion of active
drug to metabolites(s), primarily in the
liver

¢ Liver size, enzyme activity, and blood
flow are decreased with aging

* Concentrations of hepatically metabolized
drugs may increase -- dose may need to
be decreased and/or dosing interval
increased
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Since hepatic clearance of drugs
decreases with age, lower doses of
hepatically cleared drugs may be
necessary in elderly patients.

“Start low and go slow” is often
what we tell pharmacy students
concerning drug dosing in the eld-
erly. The initial dose for many
drugs is lower than it would be for
a younger patient, and the titration
to the maintenance dose must be
done slowly and carefully. Often
the maximum tolerated dose 1is
lower than in a younger patient.

For example, to start therapy with
sertraline (a selective seratonin re-
uptake inhibitor) in a 40-year-old
patient, I would probably use a
starting dose of 50 mg. In a 70
year-old patient, my starting dose
would be 25 mg.
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Hepatically Metabolized Drugs

« Acetaminophen / Tylenol®
¢ Benzodiazepines
Beta blockers

Calcium channel blockers

Phenytoin
« Many antidepressants

Many other drugs
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These are a few of the many
drugs that are hepatically me-
tabolized.  Acetaminophen is
important to mention because, in
the US, many nonprescription
drug products (also called over-
the-counter, or OTC) contain
acetaminophen.  Patients can
take toxic quantities of this
compound without being aware
of the danger.
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Excretion

* Excretion is the clearance of drug from the
body
* Kidneys are the site of most drug excretion

Renal function declines with aging

The dose of renally excreted drugs may
need to be decreased
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The ability of the kidney to clear
drugs from the plasma declines
with age. A patient’s drug
regimen should be periodically
reassessed as renal function
changes.
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Estimation of Renal Function

» Cockcroft and Gault formula

CrCl= (140 - Age in Years) ™ Ideal Bodv Weight
{kg)

72 * Serum Creatinine (mg/dL)
*» Corrected Cockcroft and Gault formula
CrCl= (140 - Age in Years)
Serum Creatinine (mg/dL)

CrCl is creatinine clearance
[For women, multipty the above results by {(1.85]
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CrCl= (140 - F @)
m#&F2 L7 F = (me/dl)
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There are several formulas which
can be used to estimate a pa-
tient’s renal function by estimat-
ing creatinine clearance (CrCl).
These two equations are the most
commonly used.
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Renally Excreted Drugs

Antibiotics (most)
- Aminaglycosides

— Cephalosporins

- Penicillins

— Vancoemycin
* Digoxin
ACE Inhibitors {(most)
H. antagonists (e.g., ranitidine,
famotidine)
Many others
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Again, these are a few of the
many drugs that are renally
eliminated. Particular care
must be taken with drugs with a
narrow therapeutic index, like
aminoglycosides and digoxin.
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Pharmacodynamic Changes

* With aging there are changes in how drugs
affect the bedy

e Organ systems change with age

* Receptor populations change with age
— Adrenergic
— Cholinergic
— Dopaminergic
— Others

* Generally speaking, ¢lderly patients are more
susceptible to both therapeutic and adverse
effects of drugs
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Changes in organ systems and
receptors with age usually make
patients more sensitive to the ef-
fects of drugs, both therapeutic
and toxic. As an example, there
are fewer dopaminergic receptors
in the brains of older patients,
causing increased sensitivity to
the dopamine antagonist etfects
of neuroleptic, or antipsychotic,
drugs. Therefore, an older pa-
tient receiving haloperidol is mo-
1e likely to experience
extrapyramidal  side  effects
(parkinson-like symptoms) than a
younger patient.

Due to decreasing activity of an-
ticholinergic neurons and recep-
tors throughout the body, older
patients are also more likely to
experience anticholinergic side
effects from many medications.
This will be discussed further
later in the lecture.
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Psychosocial Changes

* Older patients may live alone, making it difficuht
10 access medical services

* Cost of therapy may be a problem in patients
with reduced mcomes

* Multiple health care providers may make
ceoordination of care difficult
— Multiple physicians

- Muliiple pharmacists
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Life changes after retirement from
work (usually at age 65) can signifi-
cantly affect the lives of elderly pa-
tients. The death of a spouse may
leave them isolated, and their income
is often decreased. Although in the
US all people over age 65 are covered
by a government health insurance pro-
gram (Medicare), this insurance does
not provide prescription medications.

If a patient is seeing several specialists,
for example a cardiologist, an endocri-
nologist and a gastroenterologist in ad-
dition to the primary physician,
duplicate or dangerous combinations of
drugs may be prescribed due to lack of
understanding by each physician about
what therapy is being used by the oth-
ers.

A single pharmacist could help to
monitor drug therapy for the patient,
but patients will sometimes use several
different pharmacies in an attempt to
find the best prices and save money.
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In addition to physiologic and
psychosocial changes with
aging, older patients tend to

use many medications.
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Multiple Drug Use

* Studies show that older adults in the US use
7-18 prescription drugs annually
s+ Types of medications used
— Preseription
— Over-the-counter (OTC)
~ Alternative medicines (e.g., herbal products})
* Regimens should be assessed
— Polypharmacy
— Appropriate therapy
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Most chronic diseases increase in
prevalence with age (hypertension,
heart failure, diabetes mellitus, arthri-
tis, etc.). As a result, many older
patients take multiple medications.
In reviewing therapy it is important to
remember that older patient often self-
medicate with nonprescription medi-
cations from a variety of sources.
Physicians and pharmacists should
always make an effort to determine all
drugs that a patient is consuming.

Polypharmacy is a term that is often
used to describe a regimen containing
multiple drugs -~ some use greater
than six medications as the definition
of polypharmacy. 1 take a somewhat
different approach. If a patient 1s on
15 medications, but each is necessary
to maintain health, 1 consider that ap-
propriate therapy, not “polyphar-
macy.”  However, if a patient 1S
taking 4 medications and 2 are unnec-
essary, that is polypharmacy.

Drug regimens should be periodically
reviewed to climinate polypharmacy.
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Facts and Figures for the US

* Over 60 million people in the US use
alternative medicines -- 3 out of 4 do
not tell their physician(s)

* In 1997, $3.2 billion was spent on
herbal products, and this market 1s
growing 25% annually

* More than 500 different herbs are
currently marketed in the US
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Many terms are employed for nonpre-
scription medications that are not regu-
lated by our government agency, the
Food and Drug Administration — alter-
native medicines, herbal medicines,
natural products, etc. These agents are
being used at an increasing rate by the
general public.

Two major problems have resulted from
this trend. Patients do not tell their
physicians or pharmacists that they are
taking these products unless specifically
asked. Often they do not consider
them to be “drugs.” And even if they
do tell their health care provider, there
is often little objective data available to
evaluate the drug’s place in therapy.

Although natural products used to have
an important role in patient care, the ad-
vent of standardized products produced
by drug manufacturers largely replaced
them in the US during the past 50 years.
Physicians and pharmacists, as a result,
receive little formal training in natural
products. This trend is slowly being
reversed to meet the demand caused by
renewed public interest in alternative
therapies.
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